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INTRODUCTION

It has long been recognized that measurements of chemical contaminants of the marine
environment are often subject to large errors in terms of precision and accuracy. A major part
of the analyst's work is to reduce these errors to a degree that the data become useful for
assessing the changing state of the marine environment. Environmental chemists are required
to validate their data by inter-comparing their resuits and by checking their measurements
using materials of known composition. This should be a continnous and regular process in
order to obtain maximum confidence in the data set.

Since the beginning of the Long-term Programme for Marine Pollution Monitoring
MED POL Phase I, the Contracting Parties to the Barcelona Convention have expressed their
concern regarding the quality of monitoring data used to conduct marine pollution assessments
and have consequently given a high priority to Data Quality Assurance (QA) in its widest
context., Analytical Data Quality Assurance can be broadly regarded as the mechanism for
ensuring that the quality of the data is sufficiently reliable for its mtended application.
Analytical Data Quality Control (QC) which is a component of any QA strategy, is the day to
day mechanism for keeping the data at the desired level of quality.

At the earliest stages of MED POL, the Quality Assurance Programme mainly
consisted of workshops and intercomparison exercises. Since that time the demand has
increased for more precise data covering a wider range of analytes. In response to this need, a
more sophisticated and comprehensive data quality assurance programme was developed in
1987 integrating intercomparison exercises, instrument maintenance, technique development,
training {(encompassing measurement techniques, QA/QC, instrument maintepance) and joint
monitoring exercises. This work is coordinated by the IAEA Marine Environment Laboratory
(MEL) in Monaco which established a special section, the Marine Environmental Studies
Laboratory (MESL) which acts inter alia as the regional analytical centre for MED POL.

Since 1987, MESL. has conducted 33 extended QA missions, 93 instrument service
missions, installed new instruments in 7 countries and received 102 MED POL trainees. It has
also continued with its interactive intercomparison programme, produced 7 new reference
materials and developed a bank of standards and standard reference materials freely available
to all MED POL laboratories.

JAEA, together with UNEP and IOC, work closely with other producers of Reference
Materials in order to assure a continuous supply of these vital compounds for QA/QC
procedures. A bank of materials is maintained at MESL in Monaco and these are available free
of charge to all MED POL monitoring laboratories. In recent years stronger links have been
forged with other QA/QC programmes, notably those of the EU and ICES and mutual
experience in this field is being exchanged.

The main source of information on Mediterranean analvtical data quality is from the
intercomparison exercises which have been conducted on a regular basis since 1973. These
exercises are conducted by taking a very large single sample of an appropriate environmental



matrix (fish, mmssel, sea plant, sediment, etc.) freeze drymmg and homogenizing it and
distributing it amongst some 250 or so institutions world-wide.

The resulting data are then analyzed using parametric and non-parametric statistics.
Where the consensus median is reasonable and a series of statistical criteria are fulfilled, the
sample is issued as a reference material for use in quality control programmes. A full report on
each exercise is issued, however, the identification of the individual participants remains strictly
confidential. Laboratories doing badly in the intercomparison exercise are contacted by the
relevant staff of MESL and asked whether they require any assistance in order to "trouble-
shoot" and correct their analytical problems.

From the outset it should be stated that all Mediterranean laboratories, whether part of
the official MED POL network or not, have been encouraged to participate in the data quality
intercomparison exercises. All laboratories have been offered support with appropriate
methodologies, standard reference materials and calibration standards. Additionaily, all official
MED POL laboratories from developing countries have been provided with instrument
maintenance services and, where possible with state-of-the-art instruments, glassware and
training. The Secretariat of the Mediterranean Action Plan (MAP) has sought to respond to the
technical needs of these institutions within the constraints of the MED POL budget and has
conducted regular promotional campaigns to encourage participation in the QA/QC work. The
results of these efforts and, in many cases those of the Mediterranean scientists, are reflected in
the encouraging statistics presented in the report reviewing the 19 years of progress [1]. The
report has shown that data from intercomparison exercises were highly encouraging and
compared well with laboratories in other regions. It was noted that there is considerable room
for improvement in the analysis of trace organics, but this situation is a general problem world-
wide and Mediterranean countries should be encouraged to become leaders in the field to
remedy it. The report also stressed the importance of the vital role of the National
Coordinators in individual countries and improvement in QA/QC should be high on the agenda
for implementing national monitoring strategies. In addition, it has been proposed that
monitoring data should not be accepted from laboratories that systematically fail to participate
in intercomparison exercises. Furthermore, it is also important to note that the UNEP/IAEA
Consultation meeting on guidelines on analytical data quality assurance, Monaco, 21-23
October 1993 (UNEP(OCA) WG. 72/1, 23 October, 1993) proposed that the QA programme
should be mandatory and form an integral part of each MED POL Monitoring Agreement.
Participation of MED POL laboratories in intercomparison exercises should therefore also be
considered as mandatory.

This report details the progress towards the fore-mentioned goals. It describes the
performance of Mediterranean laboratories in three intercomparison runs conducted during
1994 and 1995. Two exercises were organized for the determination of trace elements in
marine sediment (SD-MEDPOL-1/TM) and fish homogenate (MA-MEDPOL-1/TM) and one
was organized for the determination of trace organic contaminants in mussel homogenate
(IAEA-142). The first two exercises were organized solely for the MED POL region and differ
from previous exercises in that samples of certified composition were distributed. Data
submitted are summarized and discussed in Part I of this report. The third exercise (JAEA-142)



was organized as a reguiar IAEA/UNEP world-wide intercomparison exercise and the results
submitted for the MED POL region are summarized and discussed in Part IT of the present
report. Many Mediterranean laboratories participated in these exercises: 37 submitted data for
trace metals and 32 for trace organic contaminants. This is the largest number of participants
since our exercises commenced over 20 years ago!

A review of the performance of the laboratories for selected trace elements indicates
that about 40% of the laboratories have achieved satisfactory performance for trace elements
in both sediments and biota. In addition, 10% of the laboratories analyzed either the fish or
sediment sample and reported satisfactory data. It is encouraging to note that for Cu, Hg and
Zn, the majority of laboratories reported acceptable results. However, there is a need to
improve the performance for Cd, Co, Cr, Fe, Mn, Pb and V. In general, results are much less
satisfactory for the fish homogenate sample when compared to the sediment. This is probably
because of the lower concentrations of most elements in biota samples, rendering analyses
more vulnerable to contamination problems, faulty calibration and poor QA/QC practice.

A review of data for trace orgamics (IAEA-142) shows a significant improvement
compared to previous exercises. A number of participating laboratories have achieved
satisfactory performance for chlorinated pesticides and for PCBs, Data for petroleum
hydrocarbons, however, still need to be improved.

In summary, the results are highly encouraging. They provide an estimate of the
variability of data within the MED POL monitoring for 1994/95 and identify where future
investments in technical support should be targeted. Continnation of the Amalytical Quality
Assurance programme is essential in order to maintain the performance achieved and to
improve analyses in laboratories that are currently facing serious problems i achieving
satisfactory resuits.

Further information concerning this report and the UNEP/IAEA quality assurance
programme can be obtained by contacting the IAEA-MEL, Marine Environmental Studies
Laboratory, P.O. Box No. 800, MC 98012, where the staff will be pleased to assist.



PART I

LABORATORY PERFORMANCE STUDY FOR THE
DETERMINATION OF TRACE ELEMENTS IN MARINE SEDIMENT,
SD-MEDPOL-1 /TM AND FISH HOMOGENATE, MA-MEDPOL-1/TM

M. Coquery and M. Horvat

1. INTRODUCTION

This study was intended to give laboratories responsible for trace element analyses of
marine materials an opportunity for checking their analytical performance. Two reference
materials were used: the certified reference material MESS-1 (Marine Sediment) obtained from
National Research Council of Canada; and MA-ROPME-1 (Fish homogenate) which was
previously used in a world-wide intercomparison exercise. The samples were sent to 76
Mediterranean laboratories. Resuits from 37 laboratories (15 countries) were received. Their
performance was assessed by comparing reported results with certified (and recommended)
values.

This report provides feed-back to the individual participants about their performance
and should enable them to make appropriate modifications to their laboratory's analytical
procedures where necessary. All resuits were treated as strictly confidential and each
laboratory was identified with a code number.

2. SCOPE OF THE INTERCOMPARISON

Each participating laboratory received two lyophilized samples, one marine sediment
and one fish homogenate, accompanied by an information sheet and a report form. These
samples originated from batches of homogenized materials which are described below.
Participants were requested to determine by their routine procedures as many trace elements as
possible out of the following 17 elements: As, Cd, Co, Cr, Cu, Fe, Hg, Li, Mn, Ni, Pb, Sb, Se,
Sn, Sr, V and Zn. It was not the purpose of this MED POL intercomparison to establish
consensus values for trace element concentrations in the materials to be analyzed. These values
have been already established for most elements concemed with a satisfactory degree of
confidence.

3. DESCRIPTION OF THE MATERIAL

Aliquots of approximately 13 g of Certified Reference Material MESS-1 (Marine
Sediment: National Research Council of Canada) were packed into glass bottles with Teflon
lined screw caps and sealed with Teflon tape. Aliquots of approximately 7 g of material MA-
ROPME-1 (IAEA) were packed in a similar manner. One bottle of each material was sent to
76 Mediterranean laboratories in June 1995.



3.1. Marine sediment

This sample was collected from the Guif of Saint-Lawrence (Miramichi River estuary),
freeze dried, screened to pass through 2 125 um sieve, then thoroughly homogenized.

The average moisture content of the lyophilized sample, determined by drying to a
constant weight at 105°C, was found to be 1.5%. Since the moisture content can vary with the
ambient humidity and temperature, it was recommended that the water content of this material
be determined in a separate subsample (not used for analysis) by drying to a constant weight
(~24 hours) at 105°C just prior to analysis. Final results should always be reported on a dry
weight basis.

Table L1. Trace element concentrations in SD-MEDPOL-1/TM (MESS-1)
(mean * confidence interval at 95%)

ELEMENT Concentration
Arsenic (As) (mg kg'') 10.6 £1.2
Berylium (Be) (mgkg™) 1.9 £0.2
Cadmium (Cd) (mg ke™) 0.59 +0.10
Chlorine (Ch) (g ke™) 8.2 =0.7
Cobalt (Co) (mgkg") 10.8 = 1.9
Chromium (Cr) (mg kg™ 71 £ 11
Caesium (Cs) (mgkg™) 4]
Copper (Cu) (mg ke™) 25.1 £3.8
Mercury (Hg) (mg kg™ 0.171 £0.014
Manganese (Mn) (mg ke™") 513 =25
Nickel (Ni) (mg kg) 29.5 £2.7
Lead (Pb) (mgkg) 34.0 £6.1
Antimony (Sb) (mg kg™) 0.73 +0.08
Selenium (Se) (mg ke™) [0.4]
Strontium (Sr) (mg kg'™") [89]
Vanadium (V) (mg kg') 72.4 £5.3
Zinc (Zn) (mgkg™) 191 £ 17

[ 1 Information value



Table L1 gives trace element concentrations in MESS-1 for those constituents for
which certified and recommended values have been established. Certified values are based on
the results of measurements made by at least two independent methods of amalysis. The
uncertainties represent 95% tolerance limits for an individual sub-sample. That is, 95% of a
sample (500 mg or greater) fiom any bottle would be expected to have concentrations within
the specified range 95% of the time.

3.2. Fish homogenate

This sample was prepared from shark muscle tissue taken from specimens collected in
the Persian Guif The sample was freeze dried and ground in a mixer made of stainless steel
and glass. The coarse powder obtained was then ground in a porcelain ball mix. The resulting
powder was passed through a 150 pum stainless sieve and thoroughly homogenized. The
homogeneity was tested using a standard analytical and statistical protocolL

The average moisture content of the lyophilized sample, determined by drying to a
constant weight at 85°C, was found to be about 7%. Since the moisture content can vary with
the ambient humidity and temperature, it was recommended that the water content of this
material always be determined in a separate subsample (not used for analysis) by drying to a
constant weight (~24 hours) at 85°C just prior to analysis. Final results shouid always be
reported on a dry weight basis.

Reference values were assigned on the basis of the resuits obtained by two different
analytical techniques (ICP-MS and GF-AAS) from 6 different laboratories and are summarized
in Table 1.2.

Table L2. Trace element concentrations in MA-MEDPOL-1/TM (MA-ROPME-1)
(mean * confidence interval at 95%)

ELEMENT Concentration
Cadmium (Cd) (mg ke'!) 0.015 +0.012
Chromium (Cr) (mg kg 0.28 +0.14
Copper (Cu) (mgkg™) 0.62 £0.12
Tron (Fe) (gkeg™") 5.8 £0.7
Mercury (Hg) (mg kg")‘ 2.69 +0.17
Nickel (Ni) (mg kg™ 0.065 + 0.032
Lead (Pb) (mgkg™) 0.074 +0.015
Zinc (Zn) (mgkg™) 16.80 + 0.48




4. ANALYSES AND REPORTING

The participants were requested to analyze the trace metal concentration of the samples
by their usual technique. They were requested to make at least 3, but preferably 6, separate
determinations of each element and to report the results together with a short description of
the method used on the report form attached to the information sheet. Other information
requested included the drying procedure, the mineralization procedure, the mstrumental
parameters and the way in which calculation of results was performed. Also, 2 summary of
quality control procedures routinely employed within the laboratory was requested.

Al results were to be reported on a dry-weight basis. The concentrations were to be
reported as net values (ie., after correcting for the blanks, etc.), leaving as many significant
figures as justified by the precision of the method used. For each element the participants were
requested to report the average weight of the sample taken for amalysis, the arithmetic mean
and the standard deviation (s,.,) of the analytical results and an estimate of any potential
sources of error.

5. EVALUATION OF THE RESULTS

The complete data set is presented in Tables Al.1 to Al.47 of Annex I for SED-
MEDPOL-1/TM (marine sediment) and in Tables A2.1 to A2.27 of Annex II for MA-
MEDPOL-1/TM (fish homogenate). The terms used in the tables are defined as follows:

Laboratory Code Number: Each laboratory was represented by a code number which
remains unchanged throughout the tables.

Method code number: Code number which enables the analytical method employed to
be identified. A. detailed description of the codification is given in Table 1.3. The information
given includes the pretreatment method, the acids used for mineralization of the samples and
the instrumental technique employed.

Number of measurements: Number of individual determinations on a given element
performed by a laboratory using the same anaiytical procedure.

Laboratory mean: Arithmetic mean ( x) computed from all individual results
supplied by a laboratory for the determination of a given element. Laboratory means are
arranged in ascending order in the tables. Results given as below the detection limit (DL) or
not detectable (ND) are reperted with the symbol "<" or ND, respectively.

Standard deviation (SD): This is the weighted (n-1) standard deviation (sp.1) of the
experimental data given as an absolute value.

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

Z=(xi-Xa)/ sy

where x; is the arithmetic mean of the reported value of the analyte concentration in the
sample; X, is the certified or assigned value; and sy, is the target standard deviation.



This score effectively expresses the difference between the mean of the laboratory and
the assigned value in units sp,.

¢ Performance is considered to be acceptable if this difference is less than or equal to
to 2: (1Z] £2);

e The results are of questionable quality when: 2 < |Z| <3

e The measurement is regarded as out of the acceptable range when: |Z| > 3.

This type of score represents a simple method of giving each participant a normalized
performance score for bias. This method of assessing laboratories has been accepted as a
standard for ISO/TUPAC [2].

The selection of the correct target value depends on the monitoring objectives. The
criteria used in this report have been set so that laboratories should have at least a relative bias
equal to or better than 25% (2sy, s,=12.5%).

In case of cadmium, chromium, copper, nickel and lead i fish homogenate, the
uncertainty of the assigned concentrations is substantiaily higher than the target precision and it
has to be taken into account. This uncertainty was therefore included in the target value for
bias according to the formula:

Z=(xi-x,)/ (sb2+ Sa

2,05
)

where x; is the arithmetic mean of the reported value of the analyte concentration in the
sample; X, is the assigned value; sy is the target standard deviation and s, is the standard
deviation of the assigned value.

P-score: P-score has been introduced for the assessment of laboratory precision and is
defined as:

P=s;/sp

where s; is the standard deviation of the determinations of each laboratory and sp is the target
precision (standard deviation).

It is assumed that:

e Values of P < 2 indicates a satisfactory precision;
e 2 <P <3 is questionable;

e P> 3 indicates an imprecise measurement.

Where the methodology or a laboratory performance cannot meet these targets, then
action should be taken to improve that situation. It is recognized that this is a minimum
criteria.

In addition to the tables of results given in Annex I and II, the distribution of laboratory
means for sefected parameters is illustrated graphicaily in Annex I for SED-MEDPOL-1/TM
(marine sediment) and Annex IO for MA-MEDPOL-1/TM (fish homogenate). Error bars



represent laboratory means + standard deviation ( X * 541 ). The horizontal lines on the figures
indicate the mean value (solid line) and the 95% confidence mtervais of the mean (hatched
lines) for the certified or mformation values.

Table L3. Method Codification

The "Method Code Ne." consists of a numenical code containing up to 7 digits. Each digit represents
one information field which, when left blank, indicates the absence of reported mformation or its redundancy
(e.z., there is normally no sample digestton with neutron activation analysis). This system was designed for all
kinds of anaiytes but only information reievant to trace metal analyses is indicated here,

Field number: 1 2 3 4 5 6 7
Alphanumerical Code: 1 P A P1 P2 Al A2

- Field 1 has a numerical value of 1 (trace metal measurements);

- Fields 2 and 3 gyve basic information on pre-treatment method (P) and analytical
instrument techniques {A), respectively,

- Fields 4 and 5 give details of the pre-treatment (sampie mineralization);

- Fields 6 and 7 give details of the instrumental technique.

Pre-treatment (digestion) techniques

P= 0 - Not communicated
1 - No pre-treatment
2 * Dry ashing
3 Wet ashing
When P=2 When P=3andP1=0-3
Pl = 0 . Not specified P2=0 HNO;
1 . Muffle furnace 1 : HNOs;, HCI
2 . Plasma (oxygen) 2 - HNO;, HCL HF
3 Acdquarega, HF
4  HNOs, HCIO4, HF
When P=3 5 . HNGQ;, HCl, H;0,, HF
Pl= 0 - Not specified 6 HNO;, HF
1 * Normal pressure 7+ HCIO4, HF
2 : Pressure decomposition 3 HNOQO;3, HCIO4, H2S04
3 . Microwave decomposition 9  AquaRegia
10 . HNGO;, HCIO4
11 © HNO;, H:O»
12 HNOs, H:S0,
13 HNOs;, HCY H,O,
14 HNO;, Hy80,4, H:O;
15  Other (no HF)
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Table 13. (continued)

A= 0
1
2
3
4
5
6
When A=1
Al= 0
1
2
3
4
5
When A=3
Al= 0:
i
2
When A=6
Al = 0.
1
2

Instrumental technigues

: Not indicated
. Atomic absorption spectrophotometry (AAS)
: Emission spectrometry

: Neutron Activation Analysis (NAA)
: Polarography

: X-Ray Fluorescence

: Mass spectrometry

: Not specified

: Flame techmque

: Graphite furnace technique (GF-AAS)
. GF with Zeeman correction

: Hydnde generation technique

: Cold vapour technique

Not specified

: Instrumental NAA (INAA)
: NAA with radiochemical separation

Not specified

When A=1and Al1=1,2,0r4

A2 = G
1:
2

DBC not specified
DRBC yes
DBC no

(DBC = Deuterium background correction).

11

When A=2 -
Al= 0 : Not specified
1 : Flame emission spectrometry
2 . Atomic emission spectromstry
3 : ICP AES
4 : DCP AES
5 : Microwave plasma AES
When A=5
Al= 0 : Not specified
1  Energy dispersive XRF
2 * Wave length dispersive XRF
3 * Total reflection XRF

: Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
* Thermal Ionisation Mass Spectrometry

When A=1and Al=5

A2= 0 - Gold trap not indicated
1 . Gold trap yes
2 : Gold trap no



6. RESULTS AND DISCUSSION
6.1. Overview of the resuits

In total 37 laboratories from 15 countries participated in this intercomparison exercise
(Aunex II). Thirty five laboratories amalyzed the marine sediment sample and 35 the fish
bomogenate, and 33 hboratories analyzed both samples. Three laboratories excused
themselves for technical reasons: one from Algeria, one from Croatia and one from Turkey.

In the case of the SD-MEDPOL-1/TM material (sediment), laboratories provided
analytical results for a total of 47 elements (Annex I). Z-scores were calculated for 15 elements
(Table L.4) and enough data was available to allow plots for 14 elements to be made (Figure
1.1to 1.14, Annex I).

For sample MA-MEDPOL-1/TM (fish homogenate) laboratories provided analytical
resuits for a total of 27 elements (Annex II). Table I.5 presents Z-scores for 8 elements and the
distribution of the results is illustrated for 12 elements (Figure 2.1 to 2.12, Annex IT).

The largest number of resuits for both samples was reported for cadmium, chromium,
copper, iron, manganese, mercury, nickel, lead and zinc. For 31 elements only a few results
were obtained, These data are given in the tables of Annex I and II, but are not included in the
detailed description nor mthe figures.

6.1.1. Moisture centent

It was required that the results be reported on a dry weight basis. The determination of
the dry weight is indeed important, particularly in the case of the fish homogenate which has a
relatively elevated moisture content {(about 7%). Only 7 laboratories reported the muoisture
contents and the results are fairly scattered. It should be noted that the recommended
procedure for its determimation (i.e., 105°C for sediment and 85°C for fish respectively, until
constant weight) was not always followed (e.g., too low temperature, very short drying time,
etc.). Also, some laboratories did not measure the moisture content at all.

6.1.2. Reporting of the results

It is noteworthy that calculation and transcription of the data is still frequently the
major source of erroneoms data reported. Also, a number of laboratories gave too many
significant figures as compared to the precision of their analytical methods. Some laboratories
still used ppm units for reporting the concentrations. Results should be reported using S.L
units (e.g. mg kg). It was also noticed that some laboratories calculated s, instead of the
weighted standard deviation s,.;.

6.1.3. Analytical methods

The analytical techniques applied most frequently were flame atomic absorption
spectrophotometry (flame-AAS) and graphite furnace atomic absorption spectrophotometry
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(GF-AAS) followed by emission spectrometry (ICP-AES), mass spectrometry (ICP-MS),
instrumental neutron activation (INAA) and X-Ray fluorescence. Cold vapour AAS was
mainly used for mercury. Most laboratories used wet mineralization as the sample pretreatment
procedure which is the preferred method for analysis by AAS and ICP. We noticed the
increasing use of microwave-oven for mineralization (12 laboratories). Two laboratories using
INAA used no pretreatment.

6.1.4. Less than values

Generally, only a few laboratories reported results as “less than the detection limit”.
However, up to about 28% of the laboratories for Cd and Cr, 30% for Pb and 45% for Ni
reported concentrations to be below their detection limits in the fish sample. In.some cases, the
quoted detection limits are higher than the reference values (i.e., Cd, Cr, Cu, Ni, Pb). As the
marine sediment and the fish homogenate contained concentrations typical of those found in
the environment, it may be concluded that in some cases the methods being used do not have
performance characteristics (particularly detection limit) necessary to undertake environmental
monitoring for certain elements at the typical concentration range (e.g., ICP-AES; use of flame
AAS instead of GF-AAS). Additionally, problems of contamination prevented some
laboratories from obtaining low detection limits (e.g., for analyses by GF-AAS).

6.1.5. Laboratory performances

The performance for precision and accuracy was assessed by Z- and P-scores which
were calculated for each element individually as indicated i section 5.

The P-scores indicate the performance of the laboratories precision. In general the

precision is satisfactory for most laboratories and all elements analyzed in the marine sediment
sample (ie. P< 2) (Annex I). The situation is less satisfactory for the fish sample which
contains much lower concentrations of most elements than the sediment. The precision is
unsatisfactory for several laboratories in the case of Cd, Cr, Ni and Pb (Annex II). Sever
laboratories have systematically bad precision for at least 2 of these elements in the fish sampie
{laboratories No 4, 13, 17, 22, 25, 31, 37).

Unfortunately, the evaluation of the accuracy (Z-score} shows that values reported by

some laboratories are far from satisfactory (Table 1.4 and 1.5).

For the sediment sample, the complete data set included 230 reported concentrations of
which 73 resuits (32% of the data set) are inaccurate (i.e., | Z[= 3). Elements for which more
than 50% of the data set were unacceptable include Cd and Se (Table 1.4.). Less than 25% of
unacceptable results (i.e., | Z!2 3) were obtained for As, Cu, Mn, Ni and Zn.

In the case of the fish sample, 151 results were obtained and 60 of these (40% of the
data set) were inaccurate, At least 50% of the results were unacceptable for Cr, Fe, Ni and Pb
(Table 1.5). Less than 25% of the data were considered inaccurate (i.e., |Z[> 3) only for Hg
and Zn. Results are not as good as for the sediment sample and this is due to the much lower

13



elemental concentrations in the fish sample compared to the sediment for most elements
considered here.

Results obtained for As, Cu, Ni, Zn in sediment and Zn i fish are relatively well
clustered around the certified value with only a few erroneous values (Fig. 1.1, 1.5, 1.8, 1.13,
and 2.8).

Asymmetrical distributions were obtained in the case of Cr, Mn and Sr in sediment and
for Hg in fish, for which a strong negative bias (towards low values) was observed (Fig. 1.3,
1.7, 1.11, 2.5). In contrast, for Se m sediment, and Cd, Cz, Cu, Fe, Mn, Ni and Pb in fish, the
distributions exhibit a positive bias (towards high values) (Fig. 1.10, 2.1 to 2.4, 2.6, 2.7, 2.10).
In the case of Cd, Co, Hg, Pb and V in sediment, numerous erroneous values (high and lows)
were reported (Fig. 1.2, 1.4, 1.6, 1.9, 1.12).

Evidently, good laboratory practice and quality control have not vet reached a number
of laboratories. A total of 16 laboratories gave no imformation at ail on their quality control
procedures as was requested on the report form. Only 7 laboratories presented results obtained
for reference materials analyzed together with the samples and 3 laboratories provided
examples of control charts. In order to validate their results, all laboratories should
systematically: (1) analyse reagent blanks to verify the quality of the purified water and
reagents and to control other possible sources of contamination (e.g., from dirty laboratory
ware, dusty environment, etc.) [6, 8]; (2) analyse standard reference material with a similar
matrix and approximately the same concentration level as the samples analyzed. This should be
done for each series of analysis (batch of digested samples), preferably in triplicates, and these
digests should be analyzed at reguiar intervals during the measurements [8].

Laboratories with erroneous results will have to carefuily check their laboratory
procedures. First, they should check the calculation of their resuits, as a number of reported
values were wrong by an order of magnitude (e.g., lab. No 4, 25, 26, 36). Erroneous
calibration standards are another source of bias. For instance, losses can occur in low-
concentration working standard solutions which would result in overestimates of the
concentrations of elements in the samples, so they should not be stored for an extended period
of time.

Excess results could also originate from contamination during sample pretreatment
(e.g., mineralization) or analyses. The laboratories concemed should carefully check their
analytical procedures (e.g., quality of purified water and reagents) and try to improve the
cleanliness of their working environment as dust is the most common atmospheric source of
contaminants for trace elements in laboratories. Filtration of solution digests should be avoided
as it can result in contamination of samples. Laboratories should also develop an effective
scheme for cleaning laboratory-ware which generally includes a soap wash. an acid wash and
thorough rinsing with purified water free from trace elements [6].
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Low resuits could be due to incomplete mineralization due to insufficient time and/or at
too low temperature, or in the case of sediment, because HF was not used. All these factors
can produce incomplete digestion and have been observed to give low results in previous
intercomparison exercises [1, 3]. It is apparent that many laboratories still encountered
difficulties with the analysis of trace elements by GF-AAS and obtained poor precision for low
level measurements. Low results for Cd, Co, Cr, Mn, Pb, Sr, V could be caused by suppressive
interferences due to components of the sample matrix. These remain a problem in case of poor
optimization of electrothermal programmes for GF-AAS and/or if adequate matrix modifiers
are not used where necessary. The use of such modifiers was seldom mentioned on the report
forms. For Hg, low results can be related to volatilization losses during the digestion procedure
(e.g., too high temperature), or improper preservation of digested samples (without oxidizing
agent and/or for an extended period of time). Alternatively, low digestion temperature and
weak oxidation can also be the source of low results in fish sample, as organic mercury is not
completely destroyed thus cannot be reduced by SnCl,.

6.2. Laboratory performance for selected trace elements
6.2.1. Arsenic

Most laboratories obtained concentrations of As in sediment in good agreement with
the certified value. Arsenic was determined by AAS (hydride generation and GF), ICP-MS or
INAA. Laboratories No 25 and 29 gave results with Z-scores >10; both laboratories used
graphite furnace AAS (GF-AAS). One cannot say that this technique gave poor results in this
case, but it seems that these laboratories have problems mastering the analysis of As in
sediment samples by GF-AAS. These excess results could also arise from contamination of

samples,
6.2.2. Cadmium

A total of 13 laboratories obtained |Z|-scores above 3 for Cd in sediment, thus 50% of
the results are not acceptable. The majority of analyses was performed by GF-AAS (18 values)
of which 10 were within (or close to) the acceptable range. Results obtained by flame AAS (4
values) were all incorrect, probably because the concentration of Cd in sediment is too low for
this method of analysis.

For the fish sample, the relatively large number of values reported as below the
detection limit (8 out of 30) can be explained by the low Cd concentration in this sample.
Eleven laboratories reported a mean concentration within the 95% confidence interval of the
certified value. Seven laboratories obtained Z-scores >3. As for the sediment sample, most
analyses were performed by GF-AAS.

A number of laboratories reported correct values using GF-AAS, the most common
method used for this exercise. It is apparent, however, that many laboratories still encountered
difficulties with the anaiysis of Cd at low levels in sediment and biological samples by
GF-AAS. The unacceptably high results indicate difficulties associated with contamination,
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Table L4. Z-scores for SD-MEDPOL-1/TM (Marine sediment): Assessment of

laboratory performance

Laboratory | As |Cd [ Cr [Co | Cs |[Cu |Hg |[Mn{ Ni | Pb | Sb | Se |Sr | V |Zn
Code
1 -1.9 ©05] 06|01 ]-01]|-14
2 -1.0
3 0.4 0.3 -1.3
4 0.4 0.9 0.1
5 1.0 14 | 29 | 23
6 -1.9 -1.5
7 02| 17 05| 17 |29 06 | 23
8 15| 03 02 -121 23 |-1.6]-05] 0.0
9 2.7 0.2 0.6
11 08| 27 |-15 0.8 0.9 09
12 15 0.4 _ -15
13 -1.9 m -1.0 | 21 -1.1 0.3 | -1.3
14 -1.0 0505 | 15
15 -1.6 1.6
16 0.4
17 Lia 08 -1.8 -1.3
18 (1) 13 | -1.8 0.7 0.3
18 (2) 0.6 0.3
19 22109 -13 -1.5 -1.0
20 1.9 1.7 |
22 (1) o T 3 £4:
22 (2) o -1.8 -1.6
23 g 3
24 L
25 e 2 |
26 ' |
27
28 (1) 0.3 0.0 | 02 04| 04 | -05
28 (2)
29 | T 04 | 16 | 27| 0.4 [3E; T
30 21 s EE e
31 vag -1.4 -1.8
32 -L.6 0.3 T
33 w38 -2.6 0.1 28 ~1.1
34 T
35 3 -0.7 2.6 2.0
36 g0 L4
37 sa:}?%ﬁaé 0.6 g@fﬁ 13

|z}<2: performance 1s acceptable

2<| Z | <3 - measurements are of questionable quality
| Z| 23 measurements are our of the acceptable range.

Shaded areas represent unaccepiable results (l z|>3).
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Table LS. Z-scores for MA-MEDPOL-1/TM (Fish homogenate): Assessment of

laboratory performance

Laboratory | Cd Cr Cu Fe Hg Ni Pb In
Code
1 -1.2
2
3 0.2 -0.9 0.7 | 02
4 2 2.5
5 0.6 |, 2.1
6 -0.4
7 0.7 0.7 1.1 | 07 0.5
8 08 | -03 -1.2 | 27 0.4
9 1.0
10 (1) 0.9 | -0.3 , -1.5 -1 | <01
10 (2) 0.4 ‘
11 1.6 | -1.0 | 23 0.0
12 -1.1 0.3 1 | 02
13 : 9 1.2
15 -2.0
17 2.1 2.3 e 0.4
18 1.0 0.1 0.9
19 0.9 | 01 2.0 0.2 34 0.0 1.4
20 0.5
21 (1) 0.8 -0.4 0.1
21 (2 0.4
22(1 -1.3 o
222 0.9 2.9 T
23 f < 1.3
24 -1.6
25
26
27 2.9 11 0.6
28 (1) 0.7 0.1
28 (2) _ 0.7
29 0.9 -0.7 -1.0
30 1.0 0.2 :
31 01 | -0.6 | -14 - :
32 2.4 0.9 0.8
33 0.2 0.7 Pudbl 0.2
34 2.4
35 0.8 T 2.5
36 0.6
37 ;m 2.5 %ﬁﬁ%

|zl<2. perfornance s acceptable.

2<| Z1 <3 : measurements are of questionable qualify

| Z| 23 : measurements are out of the acceptable range.
Shaded areas represent unacceptable resulls ( l Zi =23).

17



poor calibration and poor precision inherent to GF-AAS and other instrumental methods at
such low Cd concentrations. Alternatively, analysis by GF-AAS without proper background
correction can also result in positive bias. Indeed, laboratories using GF-AAS with Zeeman
background correction obtained lower values than those using other methods for the fish
homogenate. On the other hand, the unacceptably low resuits obtaimed for sediment could be
caused by incomplete digestion or by suppressive interferences during measurement. These
remain a problem in case of poor optimization of electrothermal programmes and/or if
adequate matrix modiffers are not used where necessary (e.g. ammonium dihydrogeno-
phosphate + magnesium nitrate; paladium nitrate).

6.2.3. Chromillm

The majority of vaines reported for sediment are lower than the certified concentration.
Z-scores were < -3 for 8 laboratories. In contrast, determination of Cr in fish is mainly biased
towards higher values. Six laboratories obtained Z-scores > 3.

It seems, therefore, that many laboratories do not master the analysis of Cr by GF-AAS
in marine sediment and at low concentration biological samples. For sediment, the substantial
bias towards low values could result from matrix interference. As for Cd and Pb, interferences
can produce underestimates of Cr in case of poor optimization of electrothermal programmes
for GF-AAS and/or if adequate matrix modifiers (e.g. magnesium nitrate) are not used. In our
previous intercomparison exercises, low values of Cr in sediment were attributed to poor
digestion, in particular omission of HF [1, 3]. In this exercise, low values do not seem to be
related to the mineralization acids used (Le., with or without HF). However we cannot exclude
the possibility that incomplete digestion (too low temperature or too short time) may be
responsibie for the low concentration results, In the fish sample, the bias towards high values
could resuit from contamination, from erroneous calibration standards and poor precision
inherent to GF-AAS at such low levels of Cr.

6.2.4. Copper

In sediment, the results generally show a good agreement with the certified value. Out
of 29 data set, only 5 | Z|-scores were = 3, showing that most laboratories are able to analyse
Cu in sediment at this relatively high concentration. A majority of the determination was
performed by AAS (flame or GF) and most of the laboratories appear to have mastered the
technique in this case. The few elevated results are probably due to contamination (lab. No. 2,
5,22, 25).

The agreement with the reference value is not as good for fish as for the sediment
sample. This is certainly related to the much lower concentration in the fish sample. Out of 26
results, 16 were within the range (or very close) of the reference value. Z-scores were >3 for 7
laboratories. It is apparent from these results that the determination of Cu at these low
concentrations presents difficulties for a number of laboratories using AAS techniques and also
for laboratories using other instrumental techniques. All the concerned laboratories (No 2, 4,
10, 13, 23, 25, 35) should carefully check for the risks of contamination and the accuracy of
their calibration standards.
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6.2.5. Iron

No certified vahue exists for Fe in sediment, so resuits were compared to the mean +
Sn-1 OF 20 of the values (excluding 2 outliers, lab. No 4 and 26). Most laboratories fall within
the defined range, but laboratories No 13 & 17 reported slightly low resuits and laboratories
No 7, 11 and 29 obtained too high values. Most laboratories analyzed Fe by flame AAS. It
should be emphasized that accurate measurement of iron at such high levels is not particularly
difficuit, especially by flame AAS.

A large number of the resuits in fish homogenate appears positively biased and only 2
out of 15 laboratories obtained Z-scores < 3. This could be explained by contamination
problems because Fe concentration is relatively low in this fish sample. As for the sediment
sample, most analyses were performed by AAS (flame or GF). Laboratories No 2, 4, 6, 8, 13,
25 and 31 reported concentrations more than double the consensus mean value (up to 10 times
higher), thus suffer from acute problems of contamination.

6.2.6. Mercury

Results for sediment generally show a fairly good agreement with the certified value.
Six out of 22 laboratories obtained |Z|-scores > 3. Four laboratories reported seriously
elevated concentrations that probably result from contamination (No 17, 22, 35, 37).
Unfortunately, not enough data on the analytical protocols used was provided (e.g., reducing
agent used) to explain the reason for their failure. Interferences occurring in the measurement
step (reduction/aeration step) would likely result in values which are too low. This supports
the conclusion that the high values are probably the consequence of contamination or poor
calibration. Only 2 laboratories reported underestimates (No 25, 30) and they are probably
related to volatilization losses during incorrect digestion procedure (e.g., too high
temperature), or improper preservation of digested samples (without oxidizing agent, e.g.,
BrCl, K;Cr;0, and/or for an extended period of time). They could aiso result from the poor
calibration of the instruments.

For the fish sample, 5 laboratories obtained | Z|-scores > 3. Ten out of 27 results were
too low compared to the reference value. The same observation has been made in previous
intercomparison exercises for the determination of Hg in biological samples (e.g., [4]). This
could be explained in different ways. First, low concentrations could result from the incomplete
digestion of the matrix and in particular of methyl mercury (normally more than 80% of the
total Hg in muscle tissue is in the methylated form). As a consequence, Hg in the digest
solution is not completely reduced to the elemental form (Hg”), particularly if SnCl, is used as
a reducing agent, and consequently reported concentrations are too low. On the other hand,
lower results could also be related to too strong digestion conditions or unsuitable preservation
of samples after mineralization. It should also be mentioned that moisture content should
always be determined in a separate aliquot, as drying of samples at high temperature can result
in losses of Hg. All laboratories obtaining Z-scores < -2 are strongly advised to check their
digestion and preservation procedures. As the information on pretreatment of samples and
measurement techniques are incomplete, it is difficult to make any further comments.



6.2.7. Manganese

A majority of the 22 results reported for sediment tends to be biased towards low
values compared to the cestified concentration. Five laboratories obtained Z-scores < -3. It is
surprising to see that mamy of the results for Mn are inaccurate, since the analysis of this
element at such elevated concentration should not be of major difficulty. The systematic use of
standard reference materials for quality comtrol would prevent such a poor outcome. The
quality of the results does not apparently depend on the instrumental method. Most
laboratories used flame AAS and 3 used GF-AAS. It is important to note that the laboratories
using a mineralization scheme which did not include HF obtained the lowest results (with the
exception of laboratory Ne 23).

6.2.8, Nickel

The results for sediment are generally satisfactory. The two exceptions are laboratories
No 4 and 23 who reported too high concentrations, with Z-scores > 3, probably due to
contamination.

Ounly 6 laboratories reported detectable concentrations in the fish homogenate. These
laboratories used GF-AAS or ICP-MS. All of them reported excess concentrations and 4
obtained Z-scores > 3. The mean reference concentration of Ni in the fish sample is fairly low
and laboratories have to be extremely careful in order to avoid contamination.

6.2.9. Lead

Out of 27 laboratories, 11 obtained |Z|-scores > 3 for the determination of Pb in
sediment. Four laboratories reported excess concentrations compared to the certified value.
The precision is also very poor for 3 of these results. In contrast, 7 laboratories reported too
low values. Most laboratories used GF-AAS and 4 used flame AAS and the quality of the
results does not appear to depend on the instrumental method.

A total of 25 results were reported for the fish sample and a majority were too high
compared to the certified value, with 12 Z-scores > 3. Most laboratories used GF-AAS which
is indeed a method of choice for the very low levels in this sample.

It seems, therefore, that many laboratories do not master the analysis of Pb by GF-AAS
in marine sediment and at low concentration biological samples. For sediment, the substantial
bias towards low values could result from matrix interference or erroneous calibration
standards. The laboratories concerned should put more effort in the optimization of the GF
programmes and use matrix modifiers when necessary (e.g., ammmonium dihydrogenophosphate
-+ magnesium nitrate; paladium nitrate). Low concentrations do not appear to be related to the
mineralization acids used (ie., with or without HF), However we cannot exclude the
possibility that incomplete digestion may be responsible for the low concentration results. As in
the case of Cd, Cr and N, the low concentration in the fish sample was problematic for many
laboratories. Pb is an element particularly sensitive to sources of contamination and all
laboratories with Z-scores > 2 should check their analytical procedures in order to obtain
valuable results.
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6.2.10. Zinc

Most laboratories reported concentrations in sediment in fair agreement with the
certified range. Only 4 laboratories had |Z|-scores = 3. Even at this high level, 3 laboratories
obtained excess results compared to the certified value (No. 15, 25, 29). A few laboratories
using flame AAS reported too low values,

Results for the fish homogenate are also generally satisfactory and 12 laboratories
reported concentrations in close agreement with the reference range. However, 4 laboratories
had |Z|-scores = 3 and a number of laboratories obviously have some problems due to
contamination.

Even at relatively high Zn concentrations like in the sediment sample, precautions
shouild be taken to avoid any risk of contamination, as zinc is a major contaminant in dust.
Also, gloves with powder should never be used for the analysis of trace elements as the
powder contains large amounts of zinc and other elements. Alternatively, in case of flame
AAS, the presence of high concentrations of solids in the digested sample can cause non-
specific absorption that has to be corrected (ie., deuterium lamp). Indeed, laboratory No 25,
who reported excess values in the sediment sample did not use the deuterium background
correction. As for the low values obtained in sediment, the acids used for digestion are
apparently not the problem as the use of HF made no systematic difference. The remaining
possible explanation is the use of erroneous calibration standards.

6.3. Overall laboratory performance

The analyses of the two matrices (sediment and fish homogenate) were compared to
allow assessment of the variability of trace element data within the MED POL region.

Table 1.6 summarizes the performance of all laboratories. The proportion of Z-scores
falling within |Z|< 3 and the number which falls within the band 2 <|Z|< 3 are given. The
percentage of satisfactory Z-scores (| Z|< 3) for each laboratory within each exercise is then
used to assign the performance of each laboratory to a group level graded 1 to 4. We assigned
criteria for group selection as follow:

- Group 1 laboratories with |Z| <3 for > 90% of the data;
- Group 2 laboratories with |Z| <3 for 75% to < 90% of the data;
- Group 3 laboratories with 1Z] <3 for 50%to < 75% of the data;
- Group 4 laboratories with | Z} <3 for < 50% of'the data.

6.3.1. Sediment
It is encouraging to note that 10 laboratories reported acceptable concentrations for
all elements analyzed (i.e., |1Z1< 3): No. 1, 7, 8, 11, 14, 16, 18, 20, 27, 28. Also, the two
laboratories that reported results for Hg only (No 24 and 34) were within the acceptable range.
In addition, laboratories No 3, 9, 12, 13, 32 and 33 reported less than 25% of unacceptable
results. Thus 18 laboratories - about 50% of the laboratories mvolved in this exercise -
reported resuits with iess than 25% of outlier data (Group 1 and 2).
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Table L6. Overall assessment of the performance of the laboratories.

LAB MARINE SEDIMENT FISH HOMOGENATE
No. o lzl<s| % No | GROUP INo|zl<3| % No | GROUP
2<|z|<3 2<|zZ}<3
1 m | 10 0 1 1”1 100 0 1
2 36 50 0 3 o3 0 0 4
3 475 %0 0 2 W4 100 0 1
2 43 30 0 3 76 17 1 4
5 Sz | &2 2 3 274 50 1 3
3 305 ) 0 3 72 50 0 3
7 o9 | 100 3 1 56 23 0 2
3 1070 | 100 1 1 56 23 1 2
5 778 23 1 2 1 50 0 3
10 613 75 0 5
1 I/ | 100 I 1 44 100 1 1
12 475 %0 2 a/a 100 5 1
3 oz | B 1 2 176 17 0 2
14 44 | 100 0 1
15 273 &7 5 3 ) 0 5 3
16 22 1 100 0 1
17 a7 57 0 3 376 50 3 3
18 7010 | 100 9 1 34 7 0 2
10 512 | 67 3 3 6/7 %6 0 2
30 33 100 0 1 71 700 0 ]
21 /4 160 0 1
2 210 |20 0 2 310 30 1 7
23 377 B 1 z 173 33 0 3
24 171 100 0 i i 100 0 1
25 2/9 22 2 4 0/5 0 0 4
26 0/3 4] 0 4 0/3 0 0 4
27 M4 | 100 0 1 3 100 1 i
28 11/11 100 0 1 4/5 30 0 2
29 512 | 42 2 n 3 50 1 3
30 174 % 1 4 34 75 0 2
31 3/5 60 0 3 4/7 57 0 3
2 34 75 0 2 34 75 1 2
33 &7 %6 3 2 45 ) 0 2
34 1/1 100 0 1 1/1 100 1 1
35 3/5 60 2 3 3/5 60 1 3
36 274 50 0 3 27 100 0 I
37 275 40 0 n 25 20 1 n

- Group 1 laboratories with IZ | <3 for = 90% of the data;
- Group 2 laboratories with |Z| <3 for 75% to < 90% of the data;
- Group 3 laboratories with |Z] <3 for 50% to < 75% of the data.
- Group - laboratories with IZI <3 for <50% of the data.
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However, 11 laboratories obtained at least 50% of maccurate results (about 30% of the
laboratories): No. 2, 4, 5, 22, 23, 25, 26, 29, 30, 36, 37. For each element, errors were not
systematically in one direction, thus are probably the result of a combination of causes.

6.3.2. Fish

According to the Z-score values, 6 Ilaboratories reported acceptable data for alt
elements analyzed (| Z{<3): No 3, 11, 12, 21, 27, 36. Also 4 laboratories reported acceptable
concentrations for one element: No 1, 24 and 34 that measured Hg only and No. 20 that
measured Zn only. Laboratories No 7, 8, 10, 18, 19, 28, 30, 32 and 33 reported less than 25%
of unacceptable results (|Z|>3). Thus 19 laboratories, or about 54% of the laboratories
invoived in this exercise, reported data with no, or less than 25% of outlier data (Group 1 and
2).

However, 14 laboratories (about 40% of the laboratories) reported at least 50% of
inaccurate results (1 Z]2 3); No. 2,4, 5, 6, 9, 13, 15, 17, 22, 23, 25, 26,29 and 37.

6.3.3. Summary

Fourteen laboratories (38% of all) have reported data with no or less than 25% outlier
data for both sediment and fish homogenate samples (Group 1 and 2). These laboratories
(No. 1, 3,7, 8, 11, 12, 18, 20, 24, 27, 28, 32, 33, 34) deserve congratulations! In addition, 4
laboratories analyzed either the fish or the sediment sample and reported data with no or less
than 25% outlier (lab. No 10, 14, 16, 21).

In contrast, 9 laboratories failed for both the sediment and the fish sample, as they
reported at least 50% of outlier data (lab. No. 2, 4, 5, 22, 23, 25, 26, 29 and 37). Thus about
25% of the laboratories involved in this exercise were unable to produce refiable data for trace
metal analyses. In addition, 7 laboratories produced at least 50% of outliers for one of the two
matrices (lab. No. 6, 9, 13, 15, 17, 30, 36).

7. CONCLUSIONS

® The review of the laboratories performance for selected trace elements showed that 6
participating laboratories (16%) are capable of producing good data with 90% or more of
all Z-scores within the target band of |Z|< 3 both for the marine sediment and the fish
samples (Group 1). An additional 6 laboratories produced good data for sediment only and
2 laboratories for fish only. The within-laboratory precisions are generaily very good.

® It is encouraging that for Cu, Hg and Zn the majority of laboratories reported acceptable
results. However, more than half of the participating laboratories who reported values have
serious problems in determining Cd, Co, Cr, Fe, Pb and V. Significant analytical problems
still persist, since fairly scattered results were reported for these elements. Results are much
less satisfactory for the fish sample, compared to the sediment, because concentrations were
very low for these elements. The main deficiencies originate most probably from
contamination problems, faulty calibration standards and/or from the inability to optimize
sophisticated instruments for such low levels determination. It is also surprising to note that

23



elements normally easy to determine in sediment and biological matrices like Zn, Cu and Mn
caused problems in some cases. It is unfortunate that there was little information given on
the use of background correction and matrix modifiers for AAS and that so few laboratories
reported their quality control data together with their resuits. This information couid have
enabled a better assessment of the problems encountered by the different laboratories.

All aspects of Quality Assurance and Quality Control procedures should be implemented in
order to improve the performance of the laboratories who failed in their analytical
performance [8, 5]. These include the systematic use of reagent blanks and standard
reference materials,

Calculations should be checked more carefuily as many errors were noticed (most of them
were corrected afterwards by the laboratories), and only the proper number of significant
figures should be reported. This number depends on the detection limit and on the precision
of the determination.

It is interesting to note that even though it is weil known that total digestion (with HF) is
essential for obtaining accurate results for the total trace element content, a number of
laboratories still did not follow the recommended protocols for sediment sample digestion
[51. Effects of a partial digestion (using no HF) were indeed perceptible for Co and Mn.

Another subject of concemn is the very small number of results reported for Al: 3 for
sediments and only one for fish. This is particularly disappointing, as Al is often used for
“normalizing” sediment trace metal data, in order to differentiate anthropogenic
contaminants from the same metal occurring naturally [5]. Future intercomparison exercises
will address this problem.

Therefore, if it is considered that some of these trace elements should be monitored for
MED POL (e.g., Al, Cd, Cr, Cu, Hg, Pb, Zn), it is essential that the laboratories continue to
improve their performance. Continuous support for training personnel in analytical methods
should be provided. It is strongly recommended that additional regional training courses
should be organized which will include all important steps such as sample collection, sample
preparation, sample digestion, final detection by AAS and Quality Assurance/Quality
Control protocols.

Three invited countries did not participate in this exercise: Lebanon, Malta, which have
MED POL monitoring agreements, and Libya. The first 2 cited countries are obliged to
measure trace metals according to their monitoring agreement. Lebanon participated in 3
intercomparison exercises between 1977 and 1988, Maita participated i all the exercises
since 1985 and Libya participated only once in 1987 [1]. On the other hand, new
encouraging participation was noticed from countries that only recently started these
exercises (Albania, Egypt) or were not so active in recent years (Tunisia, Turkey) [1]. A
better response was also obtained from Morocco, which is probably due to recent
investments in MED POL laboratories. Therefore, all effort should be made in order to
achieve the participation of all MED POL laboratories in firture exercises.
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PART IO

THE ANALYTICAL PERFORMANCE STUDY FOR THE
DETERMINATION OF CHLORINATED COMPOUNDS AND
PETROLEUM HYDROCARBONS IN MUSSEL TISSUE, IAEA-142

J.-P. Villeneuve, M. Horvat and C. Cattini

1. INTRODUCTION

This report describes the results of IAEA/UNEP Intercomparison run IAEA-142 for
the chemical analysis of organochlorine compounds and petroleum hydrocarbons in a
homogenized mussel sample. Staff of the Marine Environmentai Studies Laboratory (MESL)
of JAEA-MEL have conducted intercomparison exercises on trace organic compounds for
over fifteen years as part of its contribution to IAEA’s Analytical Quality Control Service and
UNEP’s Regional Seas Programme and occasionally in association with the Intergovernmental
Oceanographic Commission (of UNESCO) GIPME programme. Results of previous exercises
have revealed serious problems for many regional laboratories to obtain comparable data.

After the rather good results obtained during the previous intercalibration exercise
(IAEA-357) with a relatively contaminated sediment [9] and encouraged by the results
obtained within the MEDPOL area when comparing the data obtained after nineteen years [1],
it was considered timely to undertake a new intercomparison exercise of regional and wozld
wide dimension on a biological sample.

More than 200 samples of the mussel homogenate were distributed to monitoring
laboratories. A total of 96 laboratories participated in the exercise, of which 32 were involved
in the MED POL programme.

2. SCOPE OF THE INTERCOMPARISON

For the organochlorine part of the exercise the participants were requested to
determine as many compounds as possible including: HCB, lindane, pp’DDE, pp’DDD,
pp’DDT, Aroclor 1254 and Aroclor 1260. The participants were also requested to report the
PCBs as individual congeners whenever possible. For the petroleum hydrocarbon part of the
exercise, the participants were requested to report individual aliphatics, such as n-C17, n-C18,
pristane, phytane, total resolved and unresolved aliphatics, and ail of the individual aromatic
compounds which could be identified. The IAEA, however, was also interested i receiving
results for additional compounds.
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3. DESCRIPTION OF THE MATERIAL

About 80 kg of deep-frozen mussel tissue (from Ireland) was purchased from a local
supplier. These mussels were freeze-dried under a vacuum of 0.1 Torr. The freeze-dried
material was then ground in a laboratory cutting mill. The resuiting powder was sieved through
a 250 um stainless steel sieve. Only the fraction of the material passing through the sieve was
kept. In this way it was possible to prepare about 16 kg of powder with a particie size of less
than 250 um. This was further homogenized by mixing in a rotating drum for one week. Then,
aliquots of about 35 g were packed into glass bottles with aluminium screw caps and sealed
with Teflon tape.

4. HOMOGENEITY TEST

The homogeneity of the material for organochlorine compounds and petroleum
hydrocarbons was assessed by determining the concentration of some compounds (chlorinated
pesticides and petroleum hydrocarbons) in 10 samples taken randomiy in the bulk of the
powder. A one way variance analysis indicated that the material could be considered as
homogeneous.

5. MOISTURE CONTENT

The water content of the lyophilized material (as determined by dryig to a constant
weight at 105°C) was found to be 5.8 % % 0.5, Since the moisture content may change with
the ambient humidity and temperature, it is recommended that the water content of this
material should always be determined in a separate sub-sample (not that taken for analysis) by
drying for 48 hours at 105°C.

6. SAMPLE DISPATCH AND DATA RETURN

In March 1994, 245 bottles containing mussel homogenate sample (labelled IAEA-142)
were distributed world-wide. 96 laboratories reported results. 29 provided data for both
chlorinated and petrolenm hydrocarbons, 56 provided results for organochlorine compounds
and 11 laboratories provided data on petroleum hydrocarbons. As a part of the MED POL
Quality Assurance Project, 51 bottles of the sample were sent to monitoring laboratories in the
region, Results from 27 laboratories were received for chlorinated hydrocarbons and 18
laboratories reported resuits for petroleum hydrocarbons.



7. REFERENCE VALUES FOR CHLORINATED PESTICIDES, PCBs AND
PETROLEUM HYDROCARBONS IN IAEA-142

The data obtained through the worldwide intercomparison for many of the parameters
is sufficiently well grouped to permit provisional certification of the mussel homogenate as a
reference material {10]. Recommended and informations values are reported below:

Recommended values for pesticides and PCBs

(Based on dry weight)
Analyte Units Conceniration*  Confidence Interval **  N***
HCB ng/g 0.48 032070 31
Lindane ng/g 0.97 0.5-1.5 41
a HCH ng/g 0.43 0.21-0.65 12
pp’ DDE ng/g 82 5.4-10 64
pp’ DDD nglg 4.3 2.8-5.8 51
pp’ DDT ng/g 2.0 1.0-3.1 38
Dieldrin ng/s 34 1.5-5.0 27
Aroclor 1254 ng/g 56 33-83 22
PCB No 28 ng/g 13 0.82-2.4 32
PCB No 31 ng/g 0.90 0.57-1.4
PCB No 49 ngfg 2.3 1.6-3.4
PCB No 66 ng/g 1.3 1.1-2.0
PCB No 99 ng/g 4.3 2.7-5.4
PCB No 101 ng/g 3.1 2.7-5.0 35
PCB No 105 ng/g 14 1.1-2.1 24
PCB No 118 ng/g 3.0 2.54.1 31
PCB No 128 . ng/g 1.5 0.74-1.8 11
PCB No 138 ngfg 5.6 4.2-7.1 37
PCB No 149 ng/g 3.7 2.8-6.9 10
PCB No 153 ng/g 6.4 4,9-3.7 37
PCB No 156 ng/g 0.50 0.28-0.60 13
PCB No 180 ng/g 0.75 0.55-1.4 29
PCB No 187 ng/g 2.4 2.1-3.7 11
* Median values expressed on a dry-weight basis
ok 95% confidence intervals of the median

i Number of accepted iaboratory means which were used for calcuiation
of recommended, information values and confidence intervals.
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Recommended vaiues for pesticides and PCBs

(Based on dry weight)
Anaiyte Units Concentration* Confidence NA&®
Interval **

Resoived aliphatics ne/g 9.2 6.2-16 11
Unresolved aliphatics npe/'g 100 61-130 10
n-C 17 ng/g 670 500-910 15
Pristane ng/g 170 90-240 13
Phytane ng'g 120 50-180 12
Zn-alkanes (C14-C34) pee 52 3384 14
Total aromatics ngig 42 30-48 7
Unresolved aromatics pe/e 27 25-38 5
Biphenyl ng/g 7 48-5.2 6
Phenanthrene ng/g 60 41-82 20
1-methyl phenanthrene ng/g 20 16-24 11
Anthracene ng/g 4.3 1.8-6.4 14
Chrysene ng/g 32 21-46 20
Fluoranthene ng/g 73 59-94 20
Pyrene ng/g 57 39-81 23
Benzo(b) fluoranthene ng/g 19 14-30

Benzo(k) fluoranthene ng/g 9.7 6.0-13

Benz(a) anthracene ng/g 15 12-17 15
Perylene ng/g 7.3 6.1-9.3 8
Benzo(e) pyrene ng/g 27 22-30 14
Benzo(a) pyrene ng/g 3.5 2.9-5.0 11
2 -Methyi naphthalene ng/g 23 20-29
Naphthalene GC-MS' ng/g 37 23-95
Naphthalene GC-FID! ng/g 23 20-48

Benzo(ghi) perylene ng/g 9.9 8.3-13 14
Indeno(123cd) pyrene ng/g 6.5 5.5-7.9 8
Acenaphthene ng/g 34 1.9-7.1
UVF-Chrysene pg/e 5.4 4.6-5.8 9
* Median values expressed on a dry-weight basis
ok 95% confidence intervals of the median

*xx Number of accepted laboratory means which were used for calculation
of recommended, information values and confidence intervais.

Two reference values are provided for naphthalene depending on the analytical
instrumentation used for quantification,
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Information values

(Based on dry weight)
Analyte Units  Concentration® Confidence  N***
Intervail**
Chiorinated Pesticides
Heptachlor epoxide ngfg 027 0.15-0.49 7
Aldrin ng/g 1.4 0.79-5.4 18
o Endosuifan ng/g 0.96 0.05-1.4 10
¥ Chiordane ngflg 0.29 0.22-0.59 8
PCBs
Aroclor 1260 ng/g 36 12-69 15
PCBNo 3 ng/g 1.0 0.7-2.4 7
PCB No 18 ng/e 0.97 0.34.1.5 6
PCB No 44 ng/g 1.9 1.0-5.2 11
PCB No 52 nglg 3.0 1.8.7.3 36
PCB No 70 ng/s 23 1.6-4.3 6
Petrolenm Hydrocarbon
UVF-ROPME 0il pgls 59 32-89 14
Total aliphatics ne/g 120 71-140 10
n-C18 ng/g 200 106-450 13
Resolved aromatics ngls 9.8 3.1-82 11
2-methyl phenanthrene ng/g 47 20-75 8
Fluorene ng/g 8.7 6.1-11 8
1-methyl naphthalene nglg i5 13-17 6
2,6 dimethyl naphthalene nglg 10 8.5-11 3
Dibenz(ah) anthracene ng/g 1.3 1.5-5.0 5
Acenaphthylene ng/g 1.9 1.4-2.7 4
* Median value expressed on a dry weight basis
*ok 95% confidence intervals of the median

ke Number of accepted laboratory means which were used for calcuiation
of recommended, information values and confidence intervals
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Systematic numbering of PCB congeners

IUPAC No
Dichlorobiphenyl

8 2.4
Trichlorobiphenyl

18 2,2°,5

28 2,44

31 2,4°.5
Tetrachlorobiphenyl

44 2,2°.3,5

49 2,2°,4,5°

52 2,2°,5,5°

66 2,344

70 2,345

74 2445

77 3,344
Pentachlorobiphenyl

87 2,2°.34,5

97 2,2°,3’,4,5

99 2,2°,44°.5

101 2,2°4,5,5

105 23344

110 2334’6

118 23445

126 3,3°44,5
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IUPAC No
Hexachlorobiphenyl

128 2,2°3,3°,44

138 2,2°.3,44°,5°

149 22’3456

151 22’3556

153 22’4455

15¢ 2,3,3°,4,4’,5

158 2,3,3°,44,6
Heptachlorobiphenyl

170 2,2°.3,3° 4,45

180 2,2°3445,5

183 2,2°,3,4,4,5,6

187 2,2°,3,4°,5,5°,6

188 22°3,4°,56,6°
Octachlorebiphenyl

200 2,2°3,3°.4,5,6,6



8. EVALUATION OF THE RESULTS

8.1. Organochlorine compounds

Resuits obtained for chlorinated pesticides and PCBs are presented in Annex IV (Table
A4.1 and A4.2). 27 laboratories reported results for this part of the exercise (Annex V). The
analytical protocols employed by the laboratories are summarized in Tables A4.4 and A4.5
(Annex IV).

In addition to the above tables, the distributions of laboratory means for selected
parameters are illustrated graphicaily in Figures 4.1 to 4.10 (Annex IV). The selected data sets
are: HCB, Lindane, pp” DDE, pp’ DDD, PCBs 28, 52, 101, 118, 138 and 152. In these
examples, a non-parametric approach was used with the horizontal lines on the figures
indicating the median values and the 95 % confidence intervals of the median.

8.2, Petroleum hvdrocarbons

Results reported for petroleum hydrocarbons together with reference values are listed
in Annex IV (Table A4.3). 18 laboratories reported data (Aunex V). The analytical protocols
employed by the laboratories are summarized in Tables A4.6 and A4.7 (Annex IV).

8.3. Z-scores

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

Z=(x;-x,)/sy,

where x; is the mean of the reported values of the analyte concentration in the sample; x,, is the
assigned value (a mean value of the acceptable resuits in the world-wide intercomparison run)
{101; and sy, is the target standard deviation.

This score effectively expresses the difference between the mean of the laboratory and
the assigned value in units s, Performance is considered to be acceptable if this difference is
less than or equal to two. The measurement is regarded as out of control when |Z| > 3. This
score represents a simple method of giving each participant a normalized performance score
for bias. This procedure has been accepted as a standard for ISO/TUPAC [2].

The selection of the right target value depends on the monitoring objectives. The
criteria for PCB congeners is usunally set so that laboratories should have at least a relative bias
equal to or better than 25% (2sy, 5,=12.5%).

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

Z=(x-x9)/ (51,2 + 5,2)0-5

where sy, is the target standard deviation and s, is the uncertainty of the assigned value.
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9. DISCUSSION

The laboratories performance in terms of accuracy was assessed by Z-scores which are
calculated for each compound individually. The performance is considered satisfactory if a
relative bias is equal to or better than 25% (Z-score equal to or better than 2). Z scores from 2
to 3 indicate that the results are of questionable quality. All Z-scores equal to or higher than 3
indicate that the measurements are out of control.

9.1. Chlorinated pesticides and PCBs

In total, 27 MED POL laboratories reported data for chlorinated pesticides, and 14
reported data for individual PCB congeners. A summary of Z-scores is shown m Table II.1.
Only ~ 17% of the data (26 out of 156) for chlorinated pesticides and ~8% (9 out of 108) for
PCBs are considered to be umacceptable. This compares well with the achievement in the
world wide exercise (18 % and 6 % of unacceptable results for chlorinated pesticides and
PCBs respectively) [10]. This is likely to be related to the intensive technical support activities
described in the introduction, especially in the case of good performance by official MED POL
laboratories from the developing countries.

Most of the outlying data were reported for lindane, where the results are influenced by
the difficulty in obtaining good accuracy for this rather volatile and water-soluble compound.
There is a need to improve its analysis. A number of laboratories have also produced
unacceptable data for pp’DDD and pp’DDT, probably due to co-elution of chromatographic
peaks (positive bias).

It is encouraging to note that 11 laboratories (No. 4, 5, 12, 28, 29, 32, 46, 51, 56, 69,
84) provided data with Z-scores below 3. However, 4 laboratories (No. 27, 65, 73 and 92)
have submitted data which are almost all considered as unacceptable. All of the outlying data
are too high. The reasons for discrepancy may lay in erroneous calibration standards, problems
associated with removal of mterfering lipid compounds, and/or problems associated with the
chromatographic separation and quantification of individual compounds. For example
laboratory No. 27 did not use a clean-up / fractionation procedure and it also omitted the use
of internal standards which is essential for accurate correction of the results for the recovery
through the anmalytical protocol. Laboratories No. 65 and 73 seemed to use appropriate
analytical protocols and the reason for their bad performance may lay in erroneous calibration
standards. Laboratory No. 92 did not provide sufficient data on their analytical protocols to
allow investigation of their bad performance for both chlorinated pesticides and individual PCB
congeners.

9.2. Petroleum hydrocarbons

In total, 16 laboratories provided data for petroleum hydrocarbons. Z-scores are shown
in Table I.2. The overall performance of the laboratories is superior to that for chlorinated
hydrocarbons. Over 24 % of data sets are considered as unacceptable (54 out of 224). Clearly,
when comparing the data with the world-wide data set (15% unacceptable data), performance
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Table IL.2. Z-scores for petroleum hydrocarbons

Analyte Laboratory Code Number
4| 5|12 29 41| 4 | 525661 |65|72)]76 |80 | 8|91 92

UVFE-ROPME Qil 0.5 1.8 0.0 | 0.9 -0.11-0.2
UVF-Chrysene L6 VP 0.11-1.7 B3 0.7 0.4
Total Aliphatics %47 02| 0.8 L5 el 14 0.6 0.2
Resoived Aliphatics $7]6.1] 0.6 03| 1.8 i 1.1 |75 -0.4 0.9
Unresolved Aliphatics @‘o_s 0.9 03| 1.7 ik 37 0.7 01
n-C17 09|03 0.2 557 09502 1.3 -5 [ 0.7 1.3
Pristane 0.8}-1.4] -0.9 091 0 107 1.2 [5384 0.4 G.0
- C 18 0.3]-0.7] -1.0 [o5:5. 1.2]-041 1.7 02255 0.5 0.8
Phytane -1.0(-1.1] 0.3 0705 1.8 0 a2t 0.2 0.4
Z n-alkanes (C14-C34) -1.01-0.21-0.81 2.2 -0.7}-1.0 %‘iﬁﬁ 0.4 %2}%’* 0.2 -0.5
Total Aromatics 0.3 v 0.5 0.2
Resolved Aromatics 0.8 0.7 1.3 -0.6¢ 0.9 -0.8
Unresolved Aromatics -0.2 383 0.8 0.9
Naphthalene -0.9 L1 [F&lz 1.7
1-Methyl Naphthalene 4 LS s il : B3
Fluorene -1.21 06 AR K120
Phenanthrene 1.6}0.3] 0.3 53 0.6]| 0.0 | 1.0 L SA A 0.7 0.8
2-Methyl Phenanthrene 0.8]-0.3 1 0.7] 16 S ] 14
1- Methyl Phenanthrene E¥el % -0.9 [¥%:1.] 1.7 S 45
Anthracene -0.7f 0.6 0.9 4 181
Fluoranthene 1.31-1.8] 07 -0.2 | -0.4 }-36%] 0.3 Sl 03 T4 -1.1
Pyrene 1.31-1.8} 0.9 -0.71-03] 3.5 -0.1 4 184110 1.0 L GHG ng*
Chrysene 0.1]-1.5] 4.0 0.3 [z4i63H 0.3 SFi0i 435+ -0.6 2.3 98
Benz(a) Anthracene 0.7 0.5 0409102 0.7 2.9
Benzo(a) Pyrene Qﬂf‘ﬁ 2 6.5 0.4 )08 1.2 3503
Benzo(b) Fluoranthene 0.0 -0.4 -1.6
Benzo(e) Pyrene 05 il -1.3 1 0.2 520 -0.8 1.2
Benzo(ghi) Perylene -L.1 0.3 |8.4 1 -1.7 190, 0.7

[z]<2: performance 15 acceptable
2<|Z| <3 : measurements are questionable
| ] >3: measurements are unacceptable

Shaded areas represent unacceptable performance.
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of the MED POL laboratories is inferior to world-wide performance [10]. Traming
programmes in the fiuture will have to address this group of compounds with greater care.

The fact that ail of the erroneous data have positive Z-score values indicate that the
same sources of errors as described for chiorinated hydrocarbons can explain discrepancies in
the data for this group of compounds (i.e., interfering peaks, etc.).

Three laboratories provided data on “total oil” using UVF measurements relative to
standard chrysene and ROPME (Kuwait) crude oil. All three laboratories provided acceptable
results.

For some individual aromatic compounds and PAHs (e.g., 1-Me: phenanthrene,
chrysene, fluoranthene, pyrene, benzo(a)pyrene, 1-Me naphthalene), most of the laboratories
failed, probably due to idemtification and quantification problems. It is often necessary to
perform confirmatory analyses using GC-MS (which most of the laboratories do not have) to
validate data. Alternatively, and i the absence of GC-MS, laboratories should be encouraged
to run analyses on two capillary columns with different polarity phases, This will provide
confirmation of peak identification.

Five laboratories (No. 52, 56, 72, 76 and 91) provided more than 50 % outlier data.
Laboratory No. 56 seems to have probiems associated with impurities in the aliphatic fraction
and in addition should use internal standards. Laboratories No. 52, 72 and 91 have reported
acceptable data for the aliphatic fraction but their results for aromatics and PAHs are generally
too high. The identification and quantification of chromatographic peaks and/or bad quality of
calibration standards may explain the observed positive bias. Laboratory No. 76 has used
packed chromatographic columms which cannot afford separation of individual compounds and
would normaily results in positive errors.

10. CONCLUSIONS

In summary, a review of the reported data shows that a number of participating
laboratories have achieved satisfactory performance for chlorinated pesticides and PCBs. Data
for petroleum hydrocarbons are inferior to that for chlorinated compounds. For MED POL
monitoring purposes, it is essential that the laboratories improve their performance. As many of
these compounds are toxic, carcinogenic and some tend to bioaccumulate, they belong to the
Annex I of the Protocol for the Protection of the Marine Environment Against Pollution from
Land-based Sources of the Barcelona Convention. Consequently they are monitored to provide
accurate information for the implementation of Article 5 of the above mentioned protocol.

Laboratories that are involved in this demanding analytical task should be equipped
with appropriate instrumentation and consumable materials in order to achieve successful
work, Continuous support for the training of personnel in analytical methods should be
provided and appropriate funding secured for its proper implementation. All other aspects of
QA/QC procedures should also be implemented in order to maintain quality at an appropriate
level and to improve the performance in those laboratories that continue to fail in their
analytical performance.
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It should be noted that 7 Mediterranean countries did not participate n this exercise:
Algeria, Greece, Lebanon, Libya, Malta, Syria, and Tunisia. Among these, only Libya is not
obliged to measure orgamic contaminants through their monitoring agreement. All efforts
should be used in order to promote the participation of all MED POL laboratories m fiture
exercises.
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RECOMMENDATIONS

Intercomparison exercises represent only one aspect of data quality assurance and can
only provide occasional indicators of data quality. The most valuable approach to quality
assurance is through the regular analysis of standard reference materials, or even home-made
working reference materials, and by plotting the resulting data on quality control charts, This
provides a continuous feed-back to the analyst and is an essential tool for monitoring the
quality of data and assuring accurate and comparable resuits in future exercises [8].

In addition, the participants are encouraged to refer to JAEA/UNEP/IOC Reference
Methods in order to improve their analytical methods and their Quality Control procedures |5,
6, 7, 8, 11, 12, 13]. These methods are available free of charge from UNEP, Nairobi or from
IAEA-MEL in Monaco. Furthermore, a complete catalogue of Standards and Reference
Materials for Marine Science can be obtained fiee of charge from IAEA-MEL in Monaco {14].

Participants are recommended to review their data and to "score” them by evaluating
whether the mean value obtained for each element/compound falls within a range of | Z)-score
values lower than or equal to 2. This range is, of course, arbitrary and is presented as a simple
guideline for the user. It should be reminded that it is a minimum criteria. The accuracy and
precision required for data depend upon its final application - e.g., long term trend data or that
used for geochemical monitoring must be much more accurate than that used for "hot spot”
pollution monitoring or mineral prospecting. Nevertheless, the use of the Z-scores will help to
identify and correct systematic errors in accuracy (e.g., from calibration errors, reagent
contamination, incomplete digestion, erroneous use of separation protocols) and to optimize
data quality.

It is essential that the MED POL laboratories continue to improve their performance
for the determination of trace elements as well as organic compounds. Laboratories that are
involved in these demanding analytical tasks should be equipped with appropriate
instramentation and consumable materials in order to achieve successfil work. It is strongly
recommended that contimuous support for the traming of personnel in analytical methods
should be provided and appropriate funding secured for its proper implementation.
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ANNEX 1

Total analyses data report
SD-MEDPOL-1/TM
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Figure 1.1. Arsenic concentrations in Marine Sediment
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Figure 1.2. Cadmium concentrations in Marine Sediment
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Figure 1.3. Chromium concentrations in Marine Sediment
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Figure 1.4, Cobalt concentrations in Marine Sediment
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Figure 1.5. Copper concentrations in Marine Sediment
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Figure 1.6. Mercury concentrations in Marine Sediment
SD-MEDPOL-1TM
Laboratory Performance Study
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Mn (mg/kg)

Figure 1.7. Manganese concentrations in Marine Sediment
SD-MEDPOL-1/TM
Laboratory Performance Study
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Figure 1.8. Nickel concentrations in Marine Sediment
SD-MEDPOL-1/TM
Laboratory Performance Study
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46



Figure 1.9. Lead concentrations in Marine Sediment
SD-MEDPOL-1/TM
Laboratory Performance Study
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Figure 1.10. Selenium concentrations in Marine Sediment

SD-MEDPOL-1/TM
Laboratory Performance Study
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Figure 1.11. Strontium concentrations in Marine Sediment
SD-MEDPOL-1/TM
Laboratory Performance Study
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Figure 1.12. Vanadium concentrations in Marine Sediment
SD-MEDPOL-1/TM
Laboratory Performance Study
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Figure 1.13. Zinc concentrations in Marine Sediment
SD-MEDPOL-1/TM
Laboratory Performance Study
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Errar bar =mean +1 SD
Honzontal lines = Certified value £ 95% Confidence Interval (191 £ 17 mg/ka)

Figure 1.14. Iron concentrations in Marine Sediment
SD-MEDPOL-1/TM
Laboratory Performance Study
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{Semi-quantitative value = 30 g/kg}
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Figure 1.15. Seienium concentrations in Marine Sediment
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Laboratory Performance Study
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Figure 4.16. Strontium concentrations in Marine Sediment

SD-MEDPOL-1/TM
Laboratory Performance Study
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Table Al,.1l, ALUMINIUM (Al) in SD-MEDPOL-1/TM
Units: g ke

Semi-quantitative value® = 80 g kg™

Laboratory Method code Nurnber Laboratory SD

¢ode of Meas. Mean

aumber 1 P A PI P2 Al A2
18 1 3 i O HF 0 2 5 584 04
25 1 3 1 1 9 2 2 b 5.19 0.13
28 1 0 3 1 3 5372 0.7

% Gudeline mfermation only (within a factor of 3 of true value).

Table A1l.2. ARSENIC (As) in SD-MEDPOL-1/TM
Units: mg kg

Certified value® = 10.6 1.2 mg kg™

Labotatory Method code Number Labaoratory SD  Z-score  P-score
code of Meas. Mean
number 1 P A Pl P2 Al A2
5 1 3 1 1 & 4 0 6 11.9 0.1 1.0 0.1
7 1 3 1 3 o0 4 0 6 10.3 0.3 0.2 0.2
8 1 3 1 2 9 3 5 2.60 0.20 ~1.5 0.2
9 1 3 2 3 2 3 <DL*®
11 i 3 1 3 2 3 3 9438 017 -0.8 0.1
13 1 3 1 3 1 2 ¢ ] 8.10 0.30 ~1.9 0.2
14 1 1 3 1 6 9.26 0.52 <10 0.4
19 1 3 2 1 0 4 6 7.70 0.20 2.2 0.2
25 1 3 1 1 9% 2 1 6 25.1 1.0 11 1
28 1 0 3 1 4 10.2 0.7 -0.3 0.5
29 1 3 1 2 0 2 O 6 372 3.3 20 3
b Mean = confidence interval (95%); *DL= detection limut,
Table A1.3. GOLD (Au) in SD-MEDPOL-1/TM
Units: pg kgt
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
28 1 0 3 1 3 1.49 0.26
Table Al.4. BARIUM (Ba) in SD-MEDPOL-1/TM
Units: mg kg! Semi-quantitative value® =270 mg kg
Laboratory Method code Number Laboratory SD
code of Meas Mean
number i P A Pl P2 Al AZ
2 1 1 5 1 2 1688 350
14 1 1 3 l 6 324 30
19 1 3 2 1 0 4 6 442 13
25 i 3 I [ 9 2 2 6 587 66
28 i 0 3 1 4 283 12

? Guideline intormation only (witiun a factor of 3 of true value)



Table ALS. BROMINE (Br}in SD-MEDPOL-L/TM

Units: mg kg’ Semu-quantitative value® = 200 mg kg’
Laboratory Method code Number Laboratory sSD
code of Meas. Mean
number 1 P AP P2 Al A2
2 1 1 5 1 6 72.0 5.0
14 1 1 3 1 6 73.6 3.8
28 1 0 3 1 4 60.2 0.5

% Guidetine mformation only (within aficwor of 3 of true vatue).

Table Al.6. CALCIUM (Ca) in SD-MEDPOL-I/TM

Units: g kg’ Semui-quantttative value® = 10 g kg™!
Laboratory Method code Number Laboratory SD
code of Meas, Mean
number 1 P A B P2 Al A2
2 1 1 35 1 6 14.86 086

% Gudelne information only (within a facior of 3 of true value),

Table AL7. CADMIUM (Cdyin SD-MEDPOL-1/TM

Units: mg kg Certified value® = 0.59 £ 0.10 mg kg’
Labaratory Method code Number Laboratory SD  Z-score  P-score
code of Meas Mean
number 1 P A PL P2 Al A2

3 1 3 1 3 4 2 0 6 0333 0.012 -3.5 0.2
4(1) 1 3 1 1 4 1 6 00103 00010 -7.8 0.0
4(2) 1 3 1 1 4 2 0 4 0.0108  0.0060 -7.8 0.1
5 1 3 2 1t 0 3 6 200 019 19 3
7 1 3 1 3 0 2 0 6 0.713 0.034 1.7 0.5
8 1 3 1 2 9 3 6 0610 0020 0.3 0.3
9 1 3 2 3 2 3 <pL®

11 1 3 1 3 2 3 3 0.790 0.010 2.7 0.1
12 1 3 1 ¢ 1 3 6 0,700 0.060 L5 0.8
13 1 3 1 3 6 2 0 6 0.830 0070 3.2 0.9
15 1 3 4 t 4 3 0473 0.050 -1.6 0.7
17 1 3 1 1 4 2 0 3 1.58 0.12 13 2
18 1 3 1 0 0 1 3 0.684 0.029 1.3 0.4
19 1 3 2 1 0 4 6 0660 0.040 0.9 0.5
20 I 3 1 210 2 0 3 0730 0020 1.9 0.3
22 (1} 1 3 1 1 3 2 1 2 553 0.28 67 4
22(2) 1 3 1 1 3 2 1 0337 -3.4

23 1 3 1 1 6 1 0 5 2.00 000 19 0
25 1 3 1 1 9 2 1 6 0.750 0 140 2.2 1.9
26 1 3 1 3 14 1 0 6 0.128 0003 -6.2 0.0
27 I 3 1 0 13 3 3 0650 0 044 0.8 0.6
29 1 3 1 2 0 2 o 5} 0773 0046 2.5 0.6
30 1 3 1 6 ¢ 2 o0 6 0.432 0028 2.1 0.4
31 1 2 148 0049 12 1
32 1 3 1 4 2 6 0.468 0018 -1.6 0.2
33 i 1 3 4 1 6 0310 0030 -3.8 0.4
35 i 0126 0 008 -6.3 0.1
36 1 3 1 2 0 1 1 12 00011 00001 -8.0 0.0

®Mean = contidence mierval (95%), “BL= detection Lot
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Tabie A1.8. CERIUM (Ce) in SD-MEDPOL-1/TM
Units: mg kg™

Semi-quantrtative value® = 60 mg kg'!

Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A PL P2 Al A2

2 1 1 5 1 4 270 8.0
14 1 1 3 1 6 86.0 7.1
28 1 0 3 1 4 804 35

* Guideline mformaton only (within a factor of 3 of trus value).

Table AL.9. CHLORINE (Cl) in SD-MEDPOL-1/TM
Units: g kg’

Certified value® =82 £ 0.7 g kg

Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number 1 P A P P2 Al A2
28 1 0 3 1 3 8.75 0.13 0.5 6.1
b Mean = confidence mterval (95%).

Table AL 10. COBALT (Co) in SD-MEDPOL-1/TM
Units: mg kg

Certified vaiue® = 10.8 = 1 9 mg kg'!

Laboratory Method code Number Laboratery SD  Z.score  P-score

code of Meas. Mean

number 1 P A P P2 Al A2
4 (1) 1 3 1 1t 4 1 ¢ 6 0.362 0.010 1.7 0.0
4(2) 1 3 1 1 4 2 0 6 0.347  0.019 1.7 0.0
5 1 3 2 1 0 3 6 15.3 1.4 33 1.1
8 1 3 1 2 9 1 O 6 111 0.6 0.2 0.4
9 i 3 2 3 2 3 6 224 0.7 8.6 0.5
i3 1 3 1 1 6 2 0O 6 13.6 035 2.1 0.4
14 1 1 3 1 6 113 0.7 0.5 0.5
19 i 3 2 1 0 4 6 900 030 -1.3 0.2
28 1 0 3 1 4 0.01i1 00002 -8.0 0.0
29 I 3 1 2 0 2 0 6 2.13 0.08 6.4 0.1

®Mean = confidence interval (95%).



Tabie Al,11. CHROMIUM (Cr) in SD-MEDPOL-1/TM

Units: mg kg™ Certified value® =71 £ 11 mg kg™
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number 1 P A Pl P2 Al A2

1 1 3 1 2 4 1 0 3 54.2 1.8 -1.9 0.2
4(1) 1 3 1 1 4 1 0 6 0.671 0.006 -7.9 0.0
4(2) 1 3 &t 1 4 2 0 6 G.252 0.129 -3.0 0.0
5 1 3 2 t 0 3 6 23.8 0.9 -5.3 0.1
6 1 3 1 3 0 2 o0 4 350 22 -4.1 0.2
9 1 3 2 3 2 3 6 64.7 1.4 0.7 0.2
11 1 3 1 3 2 3 3 57.6 0.8 -1.5 0.1
13 1 3 1 1 6 2 O 6 61.7 il -1.0 0.3
14 1 1 3 1 6 670 3.8 -0.5 0.4
17 1 3 1 1 4 1 0 3 63.6 1.8 -0.3 0.2
18 1 3 1 0 2 2 5 549 2.9 -1.8 0.3
19 1 3 1 1 0 4 6 29.6 1.1 4.7 0.1
22{1) 1 3 1 1t 3 2 2 2 9.11 2.23 -1.0 0.3
22(2) 1 3 1t 3 2 2 543 -14

25 1 3 1r 1 9 2 2 6 6.53 049 -7.3 0.1
28 1 0o 3 1 4 708 17 0.0 0.2
29 1 3 1t 2 o 2 0 6 240 0.6 5.3 0.1
30 1 3 1.0 0 2 0 6 243 1.1 -5.3 0.1
31 1 2 719 0.14 -7.2 0.0
33 1 3 1 3 4 1 2 6 47% 2.0 -2.6 0.2

chan + confidence mterval (95%)

Table Al.12. CAESIUM (Cs) in SD-MEDPOL-1/TM

Units: mg ke Informative value = 4 mg kg'!

Laboratory Method code Number Laboratory 3D  Z-score  P-score
code of Meas Mean
number 1 P A PL P2 Al A2
14 I 1 3 1 6 476 029 L5 0.6
28 1 0 3 1 4 421 012 04 8.2
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Table A1.13. COPPER (Cu) in SD-MEDPOL-1/TM
Uuits: mg kgt

Certified value® = 25.1 + 3,8 mg kg

Laboratory Method code Number Laboratory SD  Z-score  P-score
coda of Meas, Mean
number 1 P A.P1 P2 Al A2
1 1 3 1 2 4 1 0 3 235 1.1 0.5 0.4
2 i1 1 5 1 6 64.5 12.1 i3 4
3 1 3 1 3 4 2 0 6 265 0.6 0.4 0.2
4(1) 1 3 1 1 4 1 o 6 0.279 0.002 <79 0.0
4(2) 1 3 1 1 4 2 0 ] 0.263 0.019 -7.9 0.0
5 1 3 2 1 0 3 6 345 1.7 3.0 0.5
6 i 3 1 3 0 2 0 4 19.0 0.9 -1.9 0.3
7 1 3 1 3 a0 1 ¢ 6 236 04 -0.5 0.1
8 1 3 1 2 9% 1t ¢ 6 212 0.5 ~1.2 0.2
9 1 3 2 3 2 3 6 244 0.6 0.2 0.2
11 1 3 1t 3 2 1 ¢ 3 277 0.6 0.8 0.2
12 1 3 1 0 1 3 6 23.9 1.4 -0.4 04
i3 3 1 3 1 2 0 6 21.6 1.6 -1.1 8.5
16 1 3 1 1 4 1 ¢ 4 26.5 2.5 0.4 0.8
17 1 3 1 1 4 2 0 3 19.3 09 -1.8 0.3
18(1) 1 3 1 90 0 2 5 23.0 11 -0.7 0.3
18(2) 1 3 1t OHF ¢ 2 5 26.9 LY 0.6 8.6
19 1 3 2 1 0 4 6 205 0.9 -1.5 0.3
22(D 1 3 1 1 3 2 2 2 89.0 1.3 20 0
22 (2) t 3 1 1 3 2 2 19.5 -1.8
23 1 3 1 1 6 1 0 5 255 1.2 0.1 0.4
25 1 3 1 1 9 1 2 6 38.9 0.4 4.4 0.1
26 1 3 1 3 4 1 0 6 0.6720  0.0090 -8.0 0.0
27 1 3 1 0 13 3 3 193 0.5 -1.8 0.1
29 i 3 1 2 0 2 0 6 264 0.6 0.4 0.2
31 1 2 20.7 0.1 1.4 0.0
32 I 3 1 3 4 2 2 6 24.0 0.2 -0.3 0.1
33 1 3 U 3 4 1 2 6 254 22 0.1 0.7
35 1 22,9 0.7 -0.7 0.2
® Mean = confidence interval (95%).
Table Al.14. DYSPROSIUM (Dy) in SD-MEDPOL-1/TM
Units: mg kg™
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
28 1 0 3 1 3 728 071

Table Al.15. EUROPIUM (Eu) in SD-MEDPOL-~1/TM
Units: mg kg™

Semu-quantitative value® = | mg kg !

Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A PL P2 Al A2
14 1 1 3 1 6 120 010
28 {1 0 3 I 4 {36 002

* Guideline mformation oniy (within a factor of 3 of true value}
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Table Al.16. IRON (Fe) in SD-MEDPOL-1/TM

Units: g kg™ Semi-quantitative value® = 30 g kg
Laboratory Method code Number Laboratory D
code of Meas. Mean
number I P A Pl P2 Al A2

1 I 3 1 2 4 1 0 3 272 0.6
2 1 1 5 1 6 355 1.5
4 it 3 1 1 4 1 0 6 00274 00000
5 1 3 2 1 0 O 6 232 0.9
6 i 3 1 3 0 1 0 4 26.0 0.5
7 1 3 1 3 0 1 0 4 375 3.0
8 1 3 1 2 9 1 0 6 290 1.0
9 1 3 2 3 2 3 6 292 0.3
11 1 3 t 3 2 1 0 3 383 0.5
13 i1 3 2 3 1 3 6 18.6 0.2
14 1 1 3 1 6 30.5 0.7
16 1 3 1 1 4 1 0 4 263 0.8
17 1 3 1 1 4 1 0 3 18.0 0.2
18(1) 1 3 1 o0 0 1 5 23.9 0.4
18(2) t 3 1 0 HF 0 1 5 275 0.4
23 1 3 1 1 6 1 0 5 23.8 2.6
25 1 3 1 1 9 1 2 6 25.3 06
26 1 3 1 3 4 1 0 6 0.160 0002
28 1 0 3 1 4 291 0.4
29 1 3 0t 2 0 2 0 4 453 2.0
33 1 3 1 3 4 1 2 6 363 03
36 1 3 1 0 1 2 14 219 1.4

% Guidelne wformanon onlv (withtn a factor of 3 of true value},

Table AL.17. GALLIUM (Ga) in SD-MEDPOL-1/TM

Units: mg kg Semi-quantitative value® = 20 mg kg !
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2

28 1 0 3 1 5 12.9 23

* Gudeline wnformaton oniv (within a factor of 3 of true value)

Table A1.18. HAFNIUM (Hf) in SD-MEDPOL-1/TM

Units: mg kg™ Semu-quantitative value* = 20 mg kg™
Laboratory Method code Number Laboratory SD
code of Meas Mean
number i1 P A Pl P2 Al A2

14 11 3 1 6 155 08
28 {1 0 3 1 4 155 09

% Guideline informaton onh (withan a factor of 3 of true value)



Table A1.19. MERCURY (Hg) in SD-MEDPOL-1/TM

Units: mg kg™ Certified value® = 0,171 £ 0.014 mg kg™
Laboratory Method code Number Latoratory SD  Z-score  P-score
code of Meas. Mean
number I P A PlL P2 Al A2

1 i 3 1t 2 1 5 ¢ 5 0.184 0.016 0.6 0.8
5 1 3 1 1 0 5 0 6 0.200 0.050 1.4 2.4
7 I 3 1 3 ¢ 5 ¢ 6 0.207 0.020 L7 1.0
3 1 3 1 2 9 5 0 6 0.220 0.020 2.3 10
13 1 3 2 3 1 3 6 <2

17 1 3 1 1 4 5 0 3 0.720 0.030 26 1
18 1 3 1 0 5 0 5 0.213 0.004 2.0 0.2
19 1t 3 2 t & 5 o0 6 0.230 0.010 2.8 0.5
2() 1 3 1 1 3 5 0 2 0.450 0.080 13 4
22(2) 1 3 1 112 5 0 0.684 24

23 1 3 1 1 6 5 0 5 0.200 0.000 1.4 0.0
24 1 3 1 1 12 5 2 3 0.197 0.009 1.2 0.4
25 1 3 1t 1t 9 5 2 6 0.00543 0.00040 -7.9 0.0
27 1 3 1 0 13 5 0 3 0.170 0.010 0.0 0.5
28(1) 1 1 3 1 5 0.169 0012 -0.1 0.6
28(2) 1 3 1 0 5 0 5 0.191 0019 1.6 0.9
29 1 3 1 2 ¢ 5 0 4 0.204 - 0041 1.6 2.0
30 1 3 1L 0 0 2 0 6 0.0535 00075 -5.5 0.4
32 1 3 1 3 4 5 2 6 0170 0003 0.0 0.1
33 1 3 1 3 4 5 2 5 0230 0.040 2.8 1.9
34 1 3 1 1 1 5 0 4 0.144 0.003 -1.3 0.1
35 1 0.367 0.033 2.3 1.6
36 1 3 1 2 0 5 1 14 0210 0.018 1.8 0.9

1’Me:m = confidence mterval (95%).

Table A1.20. YODINE (I) in SD-MEDPPOL-1/TM

Units: mg ke Semi-quantitative value® = 40 mg kg™
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number i P A PI P2 Al A2
28 Lo 3 i 3 236 33

* Guideline mformauon only (within a factor of 3 of true value).

Table AL.21. POTASSIUM (K) in SD-MEDPOL-1/TM

Units: g kg’ Semi-quantitative value® = 30 g kg
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A PIL P2 Al A2
2 1 1 s 6 123 43
25 i3 1 1L 9 0 6 240 0.30
28 1 0 3 1 4 17 1 02

* Guideling mformauon onty (withm a factor ot 3 of true valus)



Table A1.22. LANTHANUM (La) in SD-MEDPOL-1/TM

Units: mg kg™ Semi-quantitative value® = 30 mg kg'!
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
14 1 1 3 1 ) 40.4 3.0
28 1 0 3 1 4 36.0 1.1

? Guideline informanon only (withm a factor of 3 of true value),

Table AL23. LITHIUM (Li) in SD-MEDPOL-1/TM

Units: mg kg™ Semi-quantitative value® = 60 mg kg™
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number i P A Pl P2 Al A2
5 {1 3 2 1 0 3 6 331 0.8
9 i 3 2 3 2 3 6 42.2 09
13 1 3 2 1 6 3 6 36.8 04
19 i1 3 2 1 0 4 6 301 1.0

% Guideline informaton only (within a factor of 3 of true value)

Table Al.24. LUTETIUM (Lu) in SD-MEDPOL-~1/TM

Units: mg kg™
Laboratory Method code Number Laboratery SD
code of Meas. Mean
number 1 P A Pl P2 Al A2
i4 1 1 3 1 6 0.520 0.045

Table Al1.25. MAGNESIUM (Mg) in SD-MEDPOL-1/TM

Units: g kg! Semt-quantitative value® = 7 g kg’
Laboratory Method code Number Laboratory sSD
code of Meas Mean
number 1l P A Pl P2 Al A2
28 1 0 3 1 3 340 0.5

% Gideline mnformation onlv (withun a factor of 3 of true value)
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Table AL26, MANGANESE {Mb) in SD-MEDPOL-1/TM

Units: mg kg* Certified value® = 513 + 25 mg kg
Laborasory Method code Number Laboratory SD  Z.score  P-score
code of Meas. Mean
number 1 P A Pl P2 Al A2

1 1 3 1 2 4 1 0 I3 521 12 0.1 0.2
2 1t 3 1 6 452 53 -1.0 0.8
3 1 3 1 3 4 2 0 6 529 50 0.3 0.8
4 1 3 1 1 4 1 0O 6 5.22 0.13 -7.9 0.0
5 1 3 2 1 0 3 6 326 10 -2.9 0.2
6 1 3 1 3 0 1 o0 4 285 5 -3.6 0.1
7 I 3 1 3 ¢ 1t 0 & 330 12 -2.9 0.2
8 1 3 1 2 9 1 ¢ 6 412 16 -1.6 0.3
9 1 3 2 3 2z 3 6 497 2 0.3 0.0
11 1 3 1 3 2 1 0 3 515 9 0.0 0.1
12 1 3 1 0 1 3 6 319 12 -3.0 0.2
13 1 3 2 1 6 3 6 424 12 -1.4 0.2
16 ! 3 1 1 4 1 ¢ 4 494 1 -3 0.0
17 1 3 1 1 4 1 0 3 406 10 -1.7 0.2
18 I 3 1 0HF 0 1 5 478 4 -0.5 0.1
i9 1 3 2 1 ¢ 4 6 319 14 -3.0 0.2
23 1 3 1 1 6 1 0 5 275 42 -3.7 0.7
25 1 3 1 1 9 1 2 6 358 0 2.4 0.0
28 1 0 3 1 3 514 4 0.0 0.1
28 i 3 1 2 6 2 0 6 341 9 -2.7 0.1
33 i 3 1 3 4 1 2 4 506 39 -0.1 0.9
36 1 3 1 2 0 1 1 i4 286 18 ~3.5 03

®Mean = confidence interval (95%).

Table A1.27. SODIUM (Na) in SD-MEDPOL-1/TM

Units: g kg Semu-quantitative value® = [0 g kg
Laboratory Method code Number Laboratory Sh
code of Meas. Mean
aumber 1 P A PI P2 Al A2

14 1 1t 3 1 6 18.0 0.3
25 1 3 1 1t 9% 1 2 & 7.19 016
23 1 0 3 | 4 17.5 0.1

* Guidelne mfarmation anty (withun 4 factor of 3 of trtte value)

Table Al.28. NEODYMIUM (Nd) in SD-MEDPOL-~1/TM

Units: g kg
Laboratorv Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2

28 1 0 3 1 4 378 19




Table A1.29. NICKEL (Ni) in SD-MEDPOL-1/TM

Units: mg kg™ Certified value® =29.5 £ 2.7 mg kg’
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number 1 P A Pl P2 Al A2

i 1 3 1 2 4 1 0 3 292 2.2 0.1 0.6
4(1) i 3 1 1 4 1 0 6 0.525 0.009 -1.9 0.0
4(2) 1 3 1 1 4 2 0 3 0.661 0020 -7.8 0.0
5 1 3 2 1 0 3 6 20.9 1.0 -2.3 0.3
6 {1 3 1t 3 0 2 ¢ 4 24.0 1.1 -1.5 9.3
7 1 3 1 3 0 1 o 6 316 1.5 0.6 0.4
3 1 3 1 2 9 1 90 6 276 0.4 0.5 01
9 1 3 2 3 2 3 6 316 3.6 0.6 1.0
11 1 3 1 3 2 3 3 26.0 0.5 -0.9 0.1
13 1 3 1 1 6 2 0 6 26.7 2.8 -0.8 0.8
18 1 3 1 ¢ o i 5 24.2 1.3 -1.4 0.4
19 1 3 2 1 0 4 6 25.7 1.4 -1.0 0.4
23 1 3 1 1 6 1 0 5 454 114 4.3 31
29 1 3 1 2 0 2 0 4 311 14 0.4 0.4

® Mean  confidence mterval (95%)

Table AL.30. LEAD (Pb) in SD-MEDPOL-1/TM

Units: mg kg™ Certified value? =34 0+6 | mgkg’
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number i P A P P2 Al A2

1 1 3 1 2 4 2 0 4 28.1 05 -1.4 0.1
2 1 1 5 1 2 890 200 13 5
3 1 3 1 3 4 2 0 6 283 2.4 -1.3 0.6
4(1) I 3 1 1 4 1 ¢ 6 0 559 0013 -7.9 0.0
4(2) 1 3 1 1 4 2 0 6 0.822  0.042 7.8 0.0
5 i1 3 2 1 0 3 6 200 10 -3.3 0.2
7 1 3 1 3 0 2 o0 6 242 12 -2.3 0.3
8 1 3 1 2 9 1 0 6 340 10 0.0 0.2
9 1 3 2 3 2 3 <DL°

11 1 3 1 3 2 3 3 377 06 0.9 0.1
12 1 3 1 0 1 3 6 276 07 -1.5 0.2
13 1 3 1 1 6 2 0 6 284 1.0 -1.3 0.2
15 1 3 4 1 4 3 13.6 0.2 -1.8 0.1
17 1 3 1 1t 4 2 0 3 101 1.6 -5.6 0.4
18 t1 3 1 0 0 2 5 3ie 06 3.6 0.2
19 1 3 2 1 0 4 6 240 10 -2.4 0.2
20 I 3 1 2z 1w 2 0 3 352 45, 0.3 1.1
22(H t 3 1 1 3 2 1 2 136 0.2 4.8 0.0
22(2) 1 3 11 3 2 1 272 -1.6

23 1 3 1 1 6 1 0 5 454 171 2.7 +0
25 13 1 1 9 2 1 6 362 99 77 2
27 1 3 1 0 13 3 3 3l1 06 0.7 0.1
29 13 1 2 0 2 0 4 487 02 3.5 0.0
30 13 1 0 0 2 0 6 136 04 -4.8 0.1
31 1 2 266 0.7 -1.8 0.2
32 1 3 1 3 4 2 1 6 139 0.8 4.7 0.2
33 1T 3 1 3 4 1 2 5 221 2.0 -2.8 0.5
35 1 229 05 -2.6 0.1

B Mean = contidence wnterval {95%), °DL= detecuon linut
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Table A1.31. RUBIDIUM (Rb) in SD-MEDPOL-1/TM
Units: mg ke

Semi-quantitative value® = 100 mg kg™

Laberatory Method code Number Laboratory SD

code of Meas. Mean

number 1 P A Pl P2 Al A2
2 1 1 5 1 6 101 12
14 1 1 3 1 6 23 57
19 1 3 2 1 0 4 6 198 1.6
28 1 0 3 i 4 923 1.7

% Guideline information anly (within a factor of 3 of true value),

Table A1.32, ANTIMONY (Sb) in SD-MEDPOL-1/TM
Units: mg kg™

Certified value®=0.73 £ 0 08 mg kg™

Laboratory Method code Number Laboratory SD  Z-score P-score
code of Meas. Mean
number 1 P A Pl P2 Al A2

13 1 3 2 3 1 3 6 <5

28 1 0 3 1 4 0.755 0033 0.3 0.4

®Mean = confidence interval {95%).

Table A1.33. SCANDIUM (8¢} in SD-MEDPOL-1/TM
Units: mg kg

Semi-quantitative value® = 20 mg kg”!

Laboratory Method code Number Laboratory sD
code of Meas. Mean
nnmber i P A Pl P2 Al A2
14 1 1 3 1 6 107 0.5
28 1 0 3 1 4 101 0.1

? Guideline information only (within a factor of 3 of true value).

Table Al.34. SELENIUM (Se) in SD-MEDPOL-1/TM
Units: mg kg™

Information value = 0.4 mg kg

Laboratory Method code Number Laboratory SD  Z-score  P-score

code of Meas Mean

number i P A Pl P2 Al A2
7 1 3 1 3 0 4 0 6 0256 0020 -2.9 0.4
11 1 3 1 3 8 3 3 0.320 0010 -1.6 0.2
13 1 3 1 3 1 2 0 6 101 0.5 194 10
25 1 3 11 9 2 1 6 647 0.65 121 13
29 1 3 1 2 0 2 0 4 448 0.15 82 3
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Table AL35. SAMARIUM (Sm) in SD-MEDPOL-1/TM

Units: mg kg Semi-quantitative value® = 8 mg kg™
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A PlI P2 Al A2
14 1 1 3 1 6 7.96 047
28 I 0 3 1 4 7.17 0.31

® Gudeline information oply (within a factor of 3 of rug value)

Table A1.36. TIN (Sn) in SD-MEDPOL-1/TM

Units: mg kg* Semi-quantitative value® = 6 mg kg
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 A1l A2
13 1 3 2 3 1 3 6 520 0.40
29 1 3 1 2 0 2z 0 4 0.216 0046

A Guideline information. only (withun a factor of 3 of true value)

Table A1.37. STRONTIUM (8r) in SD-MEDPOL-1/TM

Units: mg kg™’ Information value = 89 mg kg
Laboratery Method code Number Laboratory SD  Z~score  P-score
code of Meas Mean
number 1 P A P1 P2 Al A2
2 1 1 5 1 6 93 9 0.4 0.8
3 1 3 2 1 0 13 6 30.6 0.8 5.3 0.1
9 1 3 2 3 2 3 6 93.0 0.6 0.4 a1
11 i 3 2 3 2 3 3 913 2.4 0.2 0.2
13 1 3 1 3 1 2 0 6 173 30 -6.4 0.3
19 1 3 2 1 0 4 6 26.1 07 -5.7 0.1
28 1 0 3 1 4 85.0 62 -0.4 0.6
Table A1.38. TANTALUM (Ta) in SD-MEDPOL-}/TM
Units: mg kg™
Laboratory Method code Number Laboratory 3D
code of Meas Mean
number 1 P A P1 P2 Al A2
28 1 0 3 1 4 1.42 0.04
Table A1.39. TERBIUM (Tb) in SD-MEDPOL-1/TM
Units: mg ke’
Laboratory Method code Number Laboratory sD
code of Meas Mean
number 1 P A Pl P2 Al A2
14 1 1 3 1 6 1.36 010
28 1 0 3 1 4 0957 0.021
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Table A1.40. THORIUM (Th) in SD-MEDPOL-1/TM
Units: mg kg!

Semi-quantitative value® = 20 mg kg!

Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2
14 I 1 3 1 6 13.8 14
28 1 0 3 1 4 124 06

2 Guideline information only (withmn 2 factor of 3 of trus valus),

Table Al.41. TITANIUM (Ti) in SD-MEDPOL-1/TM
Units: g ke’

Semi-quantitative value® = 7 g kg™

Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2
2 1 L 5 1 6 5.00 057
28 1 0 3 1 3 438 0.15
% Gudeline mformation only (wathin a factor of 3 of true valug),
Table Al.42. TAMARIUM (Tm) in SD-MEDPOL-1/TM
Units: mg kg™
Laboratory Methed code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2
28 1 0 3 1 4 114 0.03

Table A1.43. URANIUM (U) in SD-MEDPOL-1/TM
Units: mg kg

Semmi-quantitative value® = 5 mg kg’!

Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
14 1 1 3 1 6 410 066
28 1 0o 3 1 4 4.26 0.24

2 Guideline information only (wuthun a factor of 3 of true value)
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Table Al.44. VANADIUM (V) in SD-MEDPOL-1/TM
Units: mg kg

Certified value® = 72,4 £ 5.3 mg kg’

Laboratory Methed code Number Laboratory SD  Z-score  P-score

code of Meas. Mean

number 1 P A PL P2 Al A2
2 1 1 3 1 6 103 28 3.4 31
5 1 3 2 1 0 3 6 112 8 4.4 0.9
8 1 3 1 2 9 3 6 56.0 2.0 -1.8 0.2
9 1 3 2 3 2 3 6 84 6 0.9 1.3 0.1
11 1 3 2 3 2 3 3 72.5 2.6 0.0 0.3
13 1 3 2 3 1 3 6 65.2 0.4 0.4 0.0
19 1 3 2 1 0 4 6 333 0.9 4.3 0.1
28 1 0 3 1 3 76 1 2.0 0.4 0.2
29 1 3 1 2 0 2 0 4 410 31 -3.5 0.3

®Mean # confidence interval (95%).

Table Al.45. YTTERBIUM (Yb) in SD-MEDPOL-1/TM
Units: mg kg’

Semi-quantitative value® = 6 mg kg™!

Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2
14 1 1 3 1 6 395 0.25
28 1 0 3 1 4 400 024

® Gundeline mformation only (withun a factor of 3 of true value)
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Table Al.46. ZINC (Zn) in SD-MEDPOL-1/TM

Units: mg kg

Certified value® = 191 + 17 mg kg

Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number 1 P A Pl P2 Al A2
1 1 3 1 2 4 1 0 5 177 4 -0.6 0.1
2 1 1 5 1 6 171 21 0.8 0.9
3 I 3 1 3 4 2 ¢ 6 192 52 0.0 22
4 1 3 1 1 4 1 6 6 1.89 003 ~7.9 0.0
5 1 3 2 1 0 3 6 165 7 -1.1 0.3
6 13 1 3 0 1 @ 4 169 1 -0.9 0.0
7 1 3 1 3 0 1 @ 6 174 7 -0.7 0.3
3 1 3 1 2 9 1 0 6 175 4 -0.7 0.2
9 1 3 2 3 2 3 6 159 2 -1.3 0.1
11 1 3 1 3 2 1 0 3 183 1 -0.3 0.0
12 1 3 1 ¢ 1 3 6 189 2 -0.1 0.1
13 1 3 2 1 6 3 6 177 6 -0.6 0.2
15 1 3 4 1 4 3 229 3 1.6 0.1
17 1 3 1 1 4 1 0 3 149 4 -1.8 0.2
18 i 3 1 0 0 1 5 197 20 0.3 0.8
18 1 3 1 O0HF 0 1 5 197 16 0.3 0,7
19 1 3 2 1 0o 4 6 168 4 -1.0 0.2
20 1 3 1 2 10 1 @ 3 151 1 -1.7 0.1
23 1 3 1 1t 6 1 ¢ 5 118 18 3.0 0.7
25 i 3 t 1 9 1 2z é 267 7 3.2 6.3
26 1 3 1 3 4 1 o0 6 0538 0.064 -8.0 0.0
28 1 ¢ 3 1 4 178 7 -0.5 0.3
29 1 3 1 2 90 2 ¢ 4 645 52 19 2
31 1 2 146 4 -1.9 0.2
33 1 3 1 3 16 1 1 6 164 5 -1.1 0.2
35 1 142 3 -2.0 0.1
36 1 3 1 2 0 1 1 14 157 13 -1.4 0.6
® Mean « confidence intervai (95%)
Fable A1.47. ZIRCONIUM (Zr) in SD-MEDPOL-~1/TM
Units: mg kg™
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
2 1 1 5 1 3 509 181
28 1 0 3 1 4 595 51
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ANNEX 1II

Total analyses data report
MA-MEDPOL-1/TM
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Cd (mg/kg)

Figure 2.1. Cadmium concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study
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Laboratory Code Number
Error bar =mean £ 1 SD
Horizontal ines = Certified value + 95% Confidence Interval {0.015 £ 0.012 mg/kg)
Figure 2.2. Chromium concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study
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Error bar=meant1 SD
Honzontal lines = Certified value + 85% Confidence Intervai {0.28 £ 0 14 mg/kg)
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Figure 2.3. Copper concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study

Cu (mg/kg)

g
4 -
73
6'1{_ s
3- 4.9{.
. .l
¥
14 -t
- i i b

%——-—-_-—-—-—--ﬂ— ————————————————————— [nd

0 LI | r v 1T v 17 1 1 | 1 L) t l |3 | 1 [}

31 2227 1122 3 3329 8 12 § 7 32 18 18 17 37 10 13 23 35 256 4 2

Laboratory Code Number

Error bar = mean £ 1 SD
Honzantai ines = Certified value £ 95% Confidence Intervai (0 62 £ 0 12 mg/kg)

Figure 2.4. Iron concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study
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Error bar =mean + 1 SD
Honzontal ines = Certified value + 95% Confidence Interval (58 ¥ 0.7 mg kg)
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Figure 2.5. Mercury concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study
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Errorbar=mean+1 8D
Horizontal lines = Certified value + 95% Confidence Interval (2.69 + 017 mg/kyg)

Figure 2.6. Nickel concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study
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Error bar = mean x 1 8D
Horizontal lines = Certified value + 85% Confidence intervai (O 085 % 0.032 mg/kg)
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Figure 2.7. Lead concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study
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Error bar = mean £ 1 SD
Honzontai Ines = Certified value * 5% Cenfidence Interval (0.074 + 0.015 ma/kg)

Figure 2.8. Zinc concentrations in Fish Homogenate

MA-MEDPOL-1/TM
Laboratory Performance Study
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Errer bar=meant 1 SD
Horizontal ines = Certified value + 85% Confidence Interval (16 80 % 0.48 mg/kg)
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Figure 2.9. Arsenic concentrations in Fish Homogenate
MA-MEDPOL-1/TM
Laboratory Performance Study

As (mg/kg)

Laboratory Code Number

Errot bar =mean £ 1 SD
Honzontal ines = Mean value £ 1 SD (299  1.44 mgikg)

Figure 2,10. Manganese concentrations in Fish Homogenate

MA-MEDPOL-1/TM
Laboratory Performance Study
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Error bar=mean £ 1 SD
Horizontal fines = Mean vaiue + 1 SD (059 + 0 32 mg/ig; except outliers lab #4 and 25)
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Figure 2.11. Selenium concentrations in Fish Homogenate

Se (mglkg)
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Laboratory Performance Study
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Error bar =mean =1 SD
Hornzontal ines = Mean value £ 1 SD (2,68 + 051 mg/kg)

Figure 2.12. Strontium concentrations in Fish Homogenate
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Horzontal lines = Mean value £ 1 SD (1,72 % 0.49 mglkg, except outler lab #13)
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Table A2.1. ALUMINIUM (Al) in MA-MEDPOL-1I/TM

Units: g kg*
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A P1 P2 Al A2
25 I 3 1 1 14 2 2 6 0.0700 0.1400

Table A2.2. ARSENIC (As) in MA-MEDPOL-1/TM

Units: mg ke!
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
5 1 3 1 1 0 4 0 6 1.00 0.11
8 1 3 1 2 9 3 6 4.10 070
9 i 3 2 3 0 3 <DL*®
10 1 3 1 3 14 4 0 6 1.98 0.24
11 1 3 1 3 11 3 3 4.20 0.10
13 1 3 1 1 6 2 0 6 <0.5
19 1 3 2 1 0 4 6 4.40 020
25 I 3 1 1 14 2 1 6 <DL®
23 1t 0 3 1 4 3.73 0.05
29 1 3 1 2 0 2 o 4 152 010
¢ DL~ detection limit
Table A2.3. GOLD (Au) in MA-MEDPOL-1/TM
Units: pg kg’
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
23 1 0 3 1 4 0667 01ll1e
Table A2.4. BARTUM (Ba) in MA-MEDPOL-1/TM
Units: mg kg’
Laboratory Method code Number Laboratory 3D
code of Meas Mean
number 1 P A P! P2 Al A2
19 1 3 2 1 o0 4 6 0.110 0020
25 1 3 1 1 14 2 2 6 114 0.6
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Table A2,5. BROMINE (Br) in MA-MEDPOL-1/TM

Units: mg kg™
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
28 1 ¢ 3 I 4 12.5 0.1
Table A2.6, CALCIUM (Ca) in MA-MEDPOL-1/TM
Units: mg ke’
Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A Pl P2 Al A2
2 1 1 1 6 113 15
28 1 0 3 1 3 367 49

Tabie A2,7. CADMIUM (Cd) in MA-MEDPOL-1I/TM

Units: mg kg™ Certified value® = 0.015 £ 0.012 mg kg™
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number 1 P A Pl P2 Al A2

3 1 3 1 3 10 2 0 6 0018 00604 0.2 3.2
4 1 3 1 112 2 o 6 ND°

5 1 3 1 1 0 2 o0 6 3.00 0.97 238 511
7 1t 3 1t 3 0 2 0 5 00070 00005 0.6 0.3
8 1 3 1 2 9 3 6 <0.02

9 1 3 2 3 o0 3 <pL?

10 (1) 1 2 2 0 4 4 0.0035  0.0006 ~0.9 0.3
10 (2) 1 2 1 0 2 0 5 0.010  0.003 -0.4 1.4
i 1 3 1 3 11 3 3 <0.005

12 1 3 1 0 0 3 6 00021 0.0007 -1.0 0.4
13 1 3 1 1 6 2 0 6 0300 0.040 22.7 21
15 1 3 4 1 0 3 6.30 011 S01 58
17 1 3 1 1 0 2 0 3 0130 0.020 9.2 11
18 1 3 1 0 0 1 6 <0 100

19 1 3 ¢ 1 0 2 0 3 00039 00004 ~0.9 0.2
20 1 3 1 2 0 2 0 3 <01

21 1 3 1 3 11 3 5 00054  0.0047 -0.8 2.4
22(1) 1 3 1+ 1 0 2 1 2 0.108 0.007 7.4 3.7
22(2) 1 3 1 1 0 2 1 0.0940 6.3

23 1 3 1 1 14 1 o0 6 NDF

25 1 3 1 1 14 2 1 6 0320 0.030 24 16
26 1 3 1 3 4 1 0 6 <DLP

27 1 3 1 0 11 3 3 0050 09035 2.8 18
29 1 3 1 2 o6 2 0 4 0.026 0.0014 0.9 0.7
30 1 3 1 0 0 2 0 6 0.028 0008 1.0 4.4
31 1 2 0016 0.005 0.1 2.6
32 1 3 1 3 0 2 1 6 0044 0.002 2.3 1.1
33 1 3 1 3 10 2 1 4 0.018 0 003 0.2 i.6
35 1 0.025 0 001 0.8 0.7

? ) fean = sonfidence interval (959%),  DL= detection lumt: °ND = not defectable
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Table A2.8. COBALT (Co) in MA-MEDPOL-1/TM

Units: mg kg

Laboratory Method code Number Laboratory SD

code of Meas. Mean

number 1 P A Pl P2 Al A2
4 (1) 1 3 1 1 12 1 0 6 0.038 0.001
4(2) 1 3 1 1 12 2 0 6 0.030 0.001
5 1 3 1 1 0 2 ¢ 6 ND°
9 1 3 2 3 0 3 <pL®
13 I 3 1 1 &6 2 0 6 <0.4
19 1 3 2 1 0 4 6 0022 0005
29 1 3 1 2 0 2 0 4 0070 0.007

b BL= detestion limut; © ND = not detectable,

Table A2.9. CHROMIUM (Cr) in MA-MEDPOL-1/TM

Units: mg kg Certified value® = 0.28 £ 0.14 mgkg™
Laboratory Method cede Number Laboratory SD  Z-~score  P-score
code of Meas Mean
number 1 P A Pl P2 Al A2

4 (1) 1 3 1 112 1 o 6 0.0425 00029 -1.6 0.1
4(2) 1 3 1 1 12 2 4 4 0.0407  0.0003 -1.6 0.0
5 1 3 1 1 0 2 ¢ 6 01

6 1 3 1 3 0 2 0 2 <}

8 1 3 1 2 9 3 5 0400 0.100 0.8 2.9
9 1 3 2 3 0 3 <DL?

10 1 2 2 0 4 4 0.233 0.027 -0.3 0.8
f1 1 3 1 3 11 3 3 0.0550  0.0080 -1.5 0.2
13 1 3 2 1 & 3 6 4.30 0.03 27 0.9
17 1 3 1 1 0 2 0O 3 1.45 0.22 7.8 63
19 1 3 2 1 o 4 6 0.30 0.06 0.1 1.7
22(1) 1 3 1 1 0 2 2 2 0 901 0,140 4.2 4.0
22(2) 1 3 1 1 0 2 2 0934 4.4

25 1 3 1 1 14 2 2 6 <DL®

26 1 3 1 3 4 1 ¢ 6 599 019 38 54
28 1 0 13 1 3 0.178 0.008 -0.7 0.2
29 1 3 1 2 0 2 0 3 0.927 0.123 4.3 3.5
30 1 3 1 0 0 2 0 6 0.316 0.044 0.2 1.3
31 [ 2 0.200 0.020 0.5 0.6
33 1 3 1 3 10 1 2 4 ND*

® Mean = confidence mterval (95%); ” DL= detection lumt; ° ND = not detectable

Table A2.10. CAESIUM (Cs) in MA-MEDPOL-1/TM

Units: mg kg’

Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2

28 1 0 3 1 4 00844 00011
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Table A2.11. COPPER (Cu) in MA-MEDPOL-1/TM

Units: mg ke Certified value® =0.62 = 0.12 mg kg
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas Mean
number 1 P A Pl P2 Al A2

2 1 1 5 1 4 730 1.20 47 15
3 1 3 1t 3 10 2 ¢ 6 0.504 0.021 -0.8 0.3
4(1 1 3 1 1 12 1 ¢ 6 0.0673  0.0030 -3.9 0.0
4(2) 1 3 1 1 12 2 o 6 0.0595  0.0020 -3.9 0.0
5 1 3 1 1 0 2 0 6 0.700 0.080 0.6 Lo
6 1 3 1 3 o0 2 0 3 <1

7 1 3 1 3 0 2 0 6 0.709 0.061 0.6 0.8
3 1 3 1 2 9 3 6 0.580 0040 -0.3 0.5
9 1 3 2 3 0 3 <DL®

10 1 2 2 0 4 4 1.22 0.15 4.2 19
11 1 3 1 3 11 3 3 0.48 0.01 -1.0 0.1
12 1 3 1 0 0 3 6 0.66 0.10 0.3 1.2
13 1 3 1 I 6 2 ¢ 6 1.30 0.10 4.8 13
17 1 3 1 1 0 2 ¢ 3 0.900 0.020 2.0 0.3
18 1 3 1 o0 o 2 6 0.748 0019 0.9 0.2
19 1 3 2 1 o 4 6 0.890 0.03¢ 1.9 0.4
22 (1) 1 3 1 1 0 2 2 2 0.441 0.023 -1.3 0.3
22 (2) 1 3 1 1 0o 2 2 0.494 -0.9

23 1 3 1 1 14 1 o 6 2.16 0.05 11 0.6
25 1 3 1 1 14 1 2 6 493 0.29 30 3.7
27 1 3 1 0 11 3 3 0.470 0.015 -1.1 0.2
29 1 3 1 2 0 2 ¢ 4 0.523 0.021 -0.7 0.3
31 1 2 0430 0.110 -1.3 1.4
32 1 3 1 3 0 2 2 6 0744 0.009 0.9 0.1
33 1 3 1 3 0 1 2 6 0520 0020 -0.7 0.3
35 1 2,55 0.02 14 0.3

® Mean + confidence interval (95%); bDL= detection lmt.

Table A2.12. IRON (Fe) in MA-MEDPOL-1/TM

Units: mg kg™ Certified value® =58+ 0 7 mg kg
Laboratory Method code Number Labaratory SD  Z-score  P-score
code of Meas Mean
number 1 P A PI P2 Al A2

2 1 1 5 1 6 72 6 91 8.3
4 1 3 1 112 1 0 6 0309 0.014 -7.6 0.0
6 1 3 1 3 0 2 0 2 16 1 14 1.9
7 1 3 1 3 0 2 0 6 6.6 0.2 1.1 0.2
8 1 3 1 2 9 1 0 6 18 2 17 2.8
9 1 3 2 3 0 3 6 94 1.4 5.0 1.9
il 1 3 1 3 11 3 3 75 0.5 2.3 0.7
13 1 3 2 1 6 3 6 78 | 100 1.1
18 1 3 1 ¢ o 1 6 12 1 8.7 1.3
23 1 3 1 1 14 1 0 6 ND*

25 1 3 1 1 14 1 2 6 53 i 65 0.7
26 1 3 1 3 4 1 0 6 34 0.3 -3.3 0.4
28 1 0 3 1 4 8.3 1.0 34 1.4
29 1 3 1 2 0 2 0 3 8.8 04 4.2 0.5
31 1 2 23 1 24 12
33 1 3 1 3 10 1 2 4 93 0.8 4.9 1.1

% Mean # confidence mterval (95%), l]DL= detection lurut, © ND = not detectable
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Table A2.13. MERCURY (Hg) in MA-MEDPOL-1/TM

Unifs: mg kg’

Cerufied value® =2.69 % 0.17 mgkg’

Laboratory Method code Number Laboratory SD  Z-seore  P-score
code of Meas. Mean
number 1 P A P1 P2 Al A2
1 1 3 1 0 15 0 5 2.30 0.09 -1.2 0.3
5 1 3 1 1 0 5 90 6 1.40 0.10 ~3.8 0.3
7 1 3 1 3 0 35 0 5 247 015 0.7 0.4
3 1 3 1 2 9 5 90 6 2.30 0.50 -1.2 1.5
10 1 3 1 3 14 5 ¢ 6 2.20 0.06 -1.5 0.2
13 1 3 2 1 6 3 4 <2
i7 it 3 1 1 6 5 0 3 1.93 0.09 -2.3 0.3
18 1 3 1 0 5 0 6 2.72 005 0.1 0.1
19 1 3 2 1 90 5 0 6 2.76 0.09 0.2 0.3
21 (D) 1 3 1 3 1} 5 0 6 2.54 0.04 -0.4 0.1
21(2) 1 3 1 1 12 5 2 6 2,34 0.4
22(D) 1 3 1 1 o 5 0 2 1.12 0.03 4.7 0.1
22(2) 1 3 1 112 5 0 1.73 2.9
23 1 3 1 1 14 5 ¢ 5 1.54 0.11 3.4 0.3
24 1 3 1 112 5 2 3 2.17 003 -1.6 0.1
25 I 3 1 1 14 5 2 6 <DL?
27 1 3 1 o011 5 0 3 2.50 0.45 -0.6 13
28 (1) 1 1 3 1 5 2.64 0.09 -0.1 0.3
28 (2) 1 3 1 0 5 0 5 292 020 0.7 0.6
29 1 3 1 2 0 5 ¢ 5 2.35 0.18 -1.0 0.5
30 1 3 1 0 0 2 O 6 567 016 8.9 0.5
32 i 3 1 3 0 5 2 6 2.41 005 -0.8 0.2
33 1 3 1 3 11 5 2 5 2.77 0.11 0.2 0.3
34 1 3 1 1 12 5 2 4 1.90 0.19 -2.4 0.6
35 1 1.85 008 2.5 0.2
36 1 3 1 2 0 5 1 14 2.88 0.07 0.6 0.2
*Mean * confidence interval (95%), b DL~ detection huut,
Table A2.14. POTASSIUM (K) in MA-MEDPOL-1/TM
Units: g kg™
Laboratory Method code Number Iaboratory SD
code of Meas. Mean
number 1 P A PL P2 Al AZ
2 | S -1 1 6 2.28 025
25 1 3 1 1 14 1 2 6 1.54 0.21
28 1 0 3 1 4 17.%9 0.1
Table A2.15. LITHIUM (Li) in MA-MEDPOL-1/TM
Units: mg kg™
Laboratory Method code Number Laboratory sD
code of Meas. Mean
number 1 P A Pl P2 Al A2
5 1 3 t 1 0 2 0 6 ND*
9 1 3 2 3 0 3 <DL
13 i 3 2 1 6 3 6 <2
19 1 3 2 1 0 4 6 0.038 0003

-b_DL= detection Linut, ©ND = not detectable
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Table A2.16. MANGANESE (Mn) in MA-MEDPOL-1/TM

Units: mg kg™
Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2
3 1 3 1 3 10 2 0 6 0.542 0.051
4 1 3 1 1 12 1 0 6 0.453 0.004
5 1 3 1 1 0 2 0 6 0.400 0.060
6 1 3 1 3 0 2 9 3 <1
7 1 3 1 3 0o 2 0 6 0441 0020
8 I 3 1 2 9 3 6 0.440 0.030
9 1 3 2 3 0 3 <DL?
11 1 3 1 3 11 3 3 0.350 0.010
12 1 3 1 0 o0 3 6 0358 00299
13 1 3 1 1 6 2 0 6 127 0.12
17 it 3 1 1 0 2 0 3 116 0,06
18 1 3 1 ¢ 0 1 6 0.459 0.016
19 1 3 2 1 0 4 6 0.530 0.040
23 1 3 1 1 14 1 0 6 ND¢
25 1 3 1 1 14 1 2 6 667 0.02
29 1 3 1 2 o 2 90 4 0.552 0.043
bDT.F detection linut; °ND = net detectable.
Table A2.17. SODIUM (Na) in MA-MEDPQOL-1/TM
Units: g kg™
Laboratory Method code Number Laboratory sD
code of Meas. Mean
number 1 P A P1 P2 Al A2
25 1 3 1 I 14 1 2 6 168 0.19
28 1 0 3 1 4 1.60 001
Table A2.18. NICKEL (Ni) in MA-MEDPOL-1/TM
Units: mg kg’ Certified value® = 0.065 £ 0.032 mg kg
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number 1 P A PI P2 Al A2
4 1 3 1 112 1 0 6 0.130 0.008 1.9 1.0
5 1 3 1 1 0 2 0 6 <0.3
6 1 3 1 3 ¢ 2 o0 3 <2
7 1 3 1 3 0 2 0 5 0297 0.044 6.8 5.5
8 1 3 1 2 9 3 5 0150 0.040 2.5 5.0
9 1 3 2 3 0 3 <DL*
13 1 3 2 1 6 3 <DLP
19 1 3 2 1 o 4 6 0170 0.020 3.1 2.5
23 1 3 1 1 14 1 0 6 ND*®
29 1 3 1 2 o0 2 4 0149 0011 2.5 1.4
31 1 2 1.29 0.09 36 i1

*Mean + confidence mterval (95%), i’DL= detection limat; © ND = not detectable
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Table A2.19. LEAD (Pb) in MA-MEDPOL-1/TM

Units: mg kg™ Certified value® = 0.074 = 0.015 mg kg™
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas, Mean
number 1 P A P1 P2 Al A2

3 1 3 1 3 10 2 ¢ 6 0.0850  0.0060 0.6 0.7
41 1 3 1 1 12 1 0 6 0.130 0.004 31 0.4
4(2) 1 3 1 112 2 0 6 0.0553 00020 ~.0 0.2
5 1 3 1 1 0 2 0 6 ND°

7 1 3 1 3 0 2 0 1 <0.080

9 1 3 2 3 0 3 <DL’

10 (1) 1 2 2 0 4 4 0.0560  0.0096 -1.0 1.1
10 (2} 1 2 1 ¢ 2 0 5 0.170 0.035 5.4 3.9
11 1 3 1 3 11 3 3 <0,02

12 1 3 1 0 0 3 5 0.0561 00154 -1.¢ 1.7
13 1 3 1 1 6 2 0 6 1.70 0.10 91 1
17 I 3 1 1 0 2 o 3 0.78 0.08 39 8.9
19 1 3 1 1t 0 2 0 6 0.0740  0.0090 0.0 1.0
20 1 3 1 2 0 2 0 3 <0.5

21 1 3 1 3 11 3 6 0.0762  0.0077 0.1 0.9
22 (1) 1 3 1 1 0 2 1 2 1.51 003 80 3.4
22 (2) i 3 11 0 2 1 6.87 379

23 t 3 1 1 14 1 0 6 ND°

25 1 3 1 1 14 2 1 6 0.990 0110 51 12
27 1 3 1 6 11 3 3 <0.1

29 1 3 1 2 0 2 0 6 0.138 0013 3.6 14
30 1 3 1 0 0 2 0 6 00545 00078 -1.1 0.9
31 i 2 0.250 0.100 9.8 11
32 1 3 1 3 o0 2 1 6 0 564 0014 27 1.6
35 1 0699 0068 35 7.6

®Mean  confidence mterval (95%); bpr= detection dimut, “ NI = not detectable

Table A2.20. RUBIDIUM (Rb) in MA-MEDPOL-L/TM

Units: mg kg™
Laboratory Method code Number Laboratory sD
code of Meas. Mean
number 1 P A P1 P2 Al A2

2 1 1 5 1 6 138 33
19 i 3 1 ¢ 4 6 432 033
28 t 0 3 1 4 3.53 0.10

Table A2.21. ANTIMONY (Sbh) in MA-MEDPOL-1/TM

Units: mg kg?

Laboratory Method code Number Laboratory SD
code of Meas Mean
number 1 P A P1 P2 Al A2

13 3 2 1 6 3 6 <5

28 1 0 3 1 4 00082 0.0017
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Table A2.22. SCANDIUM (Sc) in MA-MEDPOL-1/TM
Units: pg kg™

Laboratory Method code Number Laboratory SD
code of Meas. Mean
number 1 P A Pl P2 Al A2
28 1 0 3 1 4 0.777 0.099
Table A2.23. SELENIUM (Se) in MA-MEDPOL-}/TM
Units: mg kg
Laboratory Methoed code Number Labaratory SD
code of Meas. Mean
munber I P A Pl P2 Al A2
11 1 3 1 3 8 2 0 3 280 005
13 1 3 1 1 2 0 6 2.20 0.40
25 i 3 1 1 14 2 1 6 210 0.10
28 i 0 3 1 4 2.99 0.03
29 1 3 {2 0o 2 0 4 3.30 024
Table A2.24. TIN (Sn) in MA-MEDPOL-1/TM
Units: mg kg™
Laboratory Method code Number Laboratory sSD
code of Meas. Mean
number 1 P A PL P2 Al A2
8 1 1 2 9 13 5 <]
13 i 2 1 6 3 6 <5
29 i 3 1 2 2 0 4 0.416 0.022
31 1 2 0.860 0.110
Table A2.25. STRONTIUM (Sr) in MA-MEDPOL-1/TM
Units: mg kg™
Laboratory Method code Number Laboratory sh
code of Meas. Mean
number 1 P A PL P2 Al A2
5 i 3 1 1 0 2 O 6 130 0.16
9 1 3 2 3 0 3 5 196 054
13 1 3 1t 1 6 2 0 6 0.060 0.020
19 1 3 2 1 0 4 6 134 011
28 1 0 3 1 1 2.30
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Table A2.26. VANADIUM (V) in MA-MEDPOL-1/TM

Units: mg kg™

Information value = 1.78 mg kg™

Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas, Mean
number 1 P A Pl P2 Al A2
g 1 3 2 3 0 3 6 <DL®
13 1 3 2 1 6 3 6 <2
19 1 3 2 1 0 4 6 0.029 0.008 -1.9 6.0
29 1 3 1 2 0 2 o 3 0.045 0.009 -7.8 8.0
31 1 2 <0.30

g DIL= detection fimit.

Table A2.27. ZINC (Zn) in MA-MEDPOL-1/TM

Units: mg kg Certified value® = 16 80 + 0.48 mg kg’
Laboratory Method code Number Laboratory SD  Z-score  P-score
code of Meas. Mean
number I P A P1 P2 Al A2

2 r 1 5 1 6 27.40 510 5.0 2.4
3 1 3 1 3 10 2 0 6 16 30 0.74 -0.2 0.4
4 1 3 1 1 12 1 0 6 0.22¢ 0.008 -1.9 0.0
5 1 3 2 1 6 3 6 2130 0.37 2.1 0.2
6 1 3 1 3 0 2 o0 3 16.00 0.80 0.4 0.4
7 1 3 1t 3 0 1 0 6 17.90 0.50 0.5 0.2
g 1 3 1 2 9 1 0 5 17 60 0.40 0.4 0.2
9 1 3 2 3 0 3 6 18.84 034 L0 0.2
i0 1 2 2 o0 4 4 16.67 022 -0.1 0.1
11 1 3 1 3 11 3 3 16 80 050 0.0 0.2
12 1 3 1 0 ¢ 3 3 1730 060 0.2 0.3
13 1 3 2 1 6 3 6 19.30 050 1.2 0.2
15 1 3 4 1 0 3 12.66 034 -2.0 0.2
17 1 3 1 1 0 1 o0 3 17.70 060 0.4 0.3
18 1 3 1 o0 9 1 6 18.60 017 0.9 0.1
19 1 3 2 1 0 4 6 19 80 0.70 1.4 0.3
20 1 3 1 2 0 2 0 3 15.80 127 -0.5 0.6
23 1 3 1 1 14 1 0 6 19.62 160 1.3 0.8
25 1 3 1 1 14 1 2 6 43 50 0.74 13 0.4
26 1 3 1 3 4 1 ¢ 6 0.124 0.005 <19 0.0
28 1 0 3 1 4 16.30 030 -0.2 0.1
29 1 3 1 2 0 2 0 4 2410 060 35 0.3
31 1 2 1307 125 -1.8 0.6
33 1 3 1 3 10 1 1 4 1990 064 1.5 0.3
35 1 15.15 0.65 -0.8 0.3
36 1 3 1 2 0 1t 1 14 1759 155 0.4 0.7

® Meoan = confidence interval (95%)
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Table A4.1. Results of chlorinated pesticides in IAEA-142 sample

Laboratory | HEOM | HCB | alpha beta | Lindane | pp’' DDE | pp’' DDD | pp’' DDT
Code HCH | HCH
Number |(mg/g){(ng/g)| (ng/a) | (nafg){ {nofg) | (ng/g) | (ngig) | (no/g)
4 65.7 | 0.6 | <0500 - 05 8.4 5.2 1.2
5 - 0.7 - - 1.25 13.37 8.03 6.87
12 73 0.39 | 0.47 0.56 1.4 9.4 10 1
13 44 N.D. - - 0.1 N.D. N.D. N.D.
15 186 | <1 - - 45 7.8 4.6 <3
18 68.25 | 0.7 - - 1.5 ) 3.2 3.4
25 15 032 | 1.1 1.78 2.75 0.78 5.33 1.98
27 - 8.7 . - 117.7 14 <10 <10
28 57.9 0.3 0.1 - 0.4 8.6 5.1 1.3
20 46.7 |<0.200 - - 1.73 36 2.16 <0.300
32 . 0.4 |[<0.500 - < 0.500 9.7 <0.500 | <0.500
41 426 [ <10 - - <10 41.67 <10 <10
46 9.5 - - - - 6.24 - 0.44
a7 - 0.663 | 1.267 - 2.712 - 1.272 -
51 59 | 0.52 - - 0.39 8.21 6.52 1.31
56 - (<0500 - - 0.67 2.43 1.37 < 0,500
57 - N.D. - - 42 8.3 13.4 2.5
58 57 0.48 - - 1.79 9.99 2.7 9.03
59 56 : - - 7.94 2.01 - -
60 40.3 - - - - 5.4 2.4 7.4
61 - 152 | 0.232 - 0.963 | 3.268 3.09 0.766
65 - - - - . 6 28 21
69 107 | 0.35 - - 0.7 0.14 0.07 0.07
73 - 5.9 - - 233 9.1 21.66 35
84 32 - - - - 0.9 0.7 0.7
92 - [<1.100] 19.1 - 12.7 41.9 30.6 -
96 41.2 | 0.163 - - 0.493 13.6 24.2 22.6
Median * 5 048 | 043 6.8 0.97 8.2 4.3 2
Confidence{ 31- | 0.32- | 0.21- 1.8- 0.5 5.4- 28- 1-
Limits * 72 0.7 | -0.65 -43 1.5 -10 5.8 3.1

“-* not reported

* . pbtained through the world-wide intercomparison.

N.D : not detected.
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Table A4.1. continued.

Labaoratory | op DBD| op DDT | Heptachlor | Heptachlor | Aldrin | Dieldrin | Endrin
Code epoxide

Number | (ng/g) | (ng/g) (ngfa) (ngfg ) (ngfg) | (ngfg) | (ng/g)
4 - - - - - - -
5 - - - - - - -
12 1.3 - 0.035 - N.D. 4.1 N.D.
13 - - N.D. - N.D. N.D. N.D.
15 - - <1 - <1 <3 <3
18 - 0.5 - - - - -
25 - - 0.5 0.67 0.6 417 N.D.
27 - - 103 - 93.3 <10 <10
28 - - - - - N.D. -
29 - - < 0.200 6.13 <0.200 2.76 -
32 - - - - - <5 -
4 - - <0.010 <0.010 <0.010 [ <0.010 | <0.010
46 - - - - - - -
47 - - - - - - -
51 - - - - - - -
56 - - <{0.500 < 0.500 < 0.500 0.97 < 0,500
57 - - 1 7.7 6.6 2.2 4
58 - - 13.45 < (.080 5.44 5.75 -
59 - - - - 9.64 - 4.81
60 - - - - - - -
61 - - N.D. - 0.899 - -
65 - - - - 1 25 2
69 - - 1.46 N.D. - - -
73 - - - - 14.3 - -
84 - - - - - - -
92 - - - - - 25.9 -
26 - - 0.657 0.1 0.117 - -

Median * 2.7 0.91 1 0.27 1.4 3.4 2

Confidence 1.1- 0.5- 0.54- 0.15- 0.79- 1.5- 0.94-
Limits * -4.2 -6.1 -6.5 -0.49 5.4 -5 -4.8
“-“: not reported

* : obtained through the world-wide intercotmparison.

N.D. : not detected.
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Table A4.1. continued.
Laboratory ; alpha beta Endosulf. alpha gamma Aroclor | Aroclor
Code Endosulf | Endosuif.| Sulfate | Chlordane j Chiordane 1254 1260
Number | (ngfg) } (ng/g) | (nglg) {ngfg ) (ngfg) {ngig) | (ng/g)
4 - - - - - 40.5 -
5 - - - - - - -
12 12 N.D. N.D. 0.44 0.068 22 12
13 N.D. N.D. N.D. - - 83 -
15 <5 <5 - <5 <5 43 < 50
18 - - - - - - -
25 N.D. N.D, N.D. 3.54 N.D, - -
27 25 548.7 - - - <50 < 50
28 - - - - - - -
29 - - - - - 84 69
32 - - - - - - -
4 <0.010 <0.010 - - - 6.65 6.94
46 - - - - . - -
47 - - - - - - ~
51 - - - - - - -
56 <0.500 | <0.500 | <0.500 < 0.500 < 0.500 19 8.5
57 N.D. N.D, N.D. N.D. N.D N.D. N.D.
58 <0.110 < 0.060 1.18 <0.150 - 85.21 35.73
59 - - - - - - -
60 - - ~ - - 127.8 -
61 - - - - - 81 N.D.
65 - - - - - - -
69 - - - 0.21 - 100 115
73 - - - - - - -
84 - - - - - 74.1 22.1
92 - - - - - - -
96 0.334 - - - - 83.5 138
Median * 0.96 1.3 2.7 0.54 0.29 56 36
Confidence 0.05- 1.2- 1.2- 0.44- 0.22- 33~ 12-
Limits * -1.4 -2.9 -9 ~3.5 -0.59 -83 -69
¥« * not reported

* : obtained through the world-wide intercomparison.
N.D. : not detected.
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Table A4.2. Results of PCBs in IAEA-142 sample

Laboratory PCB 8 PCB18 | PCB28 | PCB 31 PCB44 | PCB 52
Code Number | (ng/g) | (ng/g) | (ng/g) {(ng/g) (ng/g) | (ng/g)
4 - - 3.7 - - 3
5 0.7 0.34 1.16 - 1.48 3.33
12 - - 0.49 - 1.02 1.3
15 - - 22 - - 2.3
18 - - 26 - - 12.9
25 - - 2,29 - 117 3.37
28 - - 0.2 0.5 - 1.6
29 - - 3.4 - - 7.3
32 - - 1.3 - - 3.08
46 - - 0.52 - - 1.4
51 - - 0.12 0.14 - -
56 - - <05 - - <05
69 - - 0.62 - - 1.37
92 - - <27 <3.6 - <3.8
Median * 1 0.87 1.3 0.9 1.9 3
Confidence C.7- 0.34- 0.82- 0.57- 1- 1.8-
Limits * -2.4 -1.5 -2.4 -1.4 5.2 -1.3
Table A4.2. continued.
Laboratory PCB66 | PCB77 | PCB 87 PCB99 | PCB101 | PCB 105
Code Number | (ng/g) | (ng/g) | (ng/g) | (ng/g) | (ngfg) | (ng/g)
4 - - - - 3.2 -
5 1.9 - 1.3 - 3.07 0.8
12 1.2 - - - 2.1 0.81
15 - - - - 3.2 -
18 5.4 - 7.8 - 5.5 2.2
25 1.84 9.3 - 9.4 2.8 4.68
28 - - - - 3 1.7
29 - - - - 4.9 -
32 - - - - 3.1 1.7
46 - - - - 1.95 -
51 - - - - 3.46 0.97
56 - - - - 0.69 -
69 - - - - 0.9 -
92 - - - - 19.5 3.3
Median * 1.8 2.8 4,3 3,1 1.4
Confidence 1.1- 1.3- 2.7- 2.7- 1.1-
Limits * -2 -7.8 -5.4 -5 -2.1

“ < “- not reported

* . obtained through the world-wide intercomparison.

N.D, : not detected.
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Table A4.2. continued.

Laboratory | PCB 110 { PCB118 | PCB126 | PCB 128 | PCB 138 | PCB 149
Code Number | (ng/g) j (ngfg) | (ng/g) | (ng/g) | (ng/g) | {ng/g)
4 - 4.2 - - 8.1 -
5 - 2.68 - 0.74 3.8 -
12 3.63 1.3 - 1 4.2 1.3
15 - 2.8 - - 38 -
18 - 8.1 7.1 4.6 6.9 -
25 - 1.81 N.D. - 6.38 -
28 - 5.1 - - 4.6 -
29 - 3 - - 7.8 -
32 - 2.83 - - 6.4 -
46 - 267 : - 3.28 -
51 - 2.96 - - 4.85 -
56 - - - - 22 -
69 - 0.63 - - 3.57 -
92 - 76.4 - - 49.9 -
Median * 4.9 3 1.5 5.6 a7
Confidence 2.1~ 2.5- 0.74- 4.2- 2.8-
Limits * -7.6 -4.1 -1.8 7.1 6.9
Table Ad.2. continued.
Laboratory | PCB 153 | PCB 156 | PCB 170 | PCB 180 | PCB 187 [ PCB 200
Code Number | (ng/fg) | (ng/g) | (nafg) | (ng/g) | (ng/g) | (ng/g)
4 7.5 - - - - -
5 4.64 - - 0.55 1.84 -
12 4.4 - 0.31 0.52 2.3 0.5
15 6.1 - - <1 - -
18 9.5 - 25 39 5.1 2.9
25 - N.D. N.D. 0.69 2.58 -
28 5.7 0.2 R 15 - -
29 9.8 - - 25 - -
32 5.7 0.67 - 0.87 - -
46 2.56 - - 1.4 - -
51 6.25 0.29 - - - -
56 1.9 - - - - -
69 4.65 0.42 - 0.75 - -
92 31.3 <26 - <23 - -
Median * 6.4 0.5 0.6 0.75 2.4
Confidence 4.9~ 0.28- Q.3- 0.55- 2-
Limits * 8.7 0.6 -1.6 -1.4 -3.7

- “ not reported.

* _ obtained through the world-wide intercomparison.

N.D. not detected.
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Table A4.3. Results of petroleum hydrocarbons in JAEA-142 sample

Laboratory | Extract.Org. PH PH Total Resolved | Unresolved
Code Matter Chrysene | ROPME | aliphatics | aliphatics | aliphatics
Number ( mgfg ) (ug/g) | (ug/g) | (Hgfg) (Hgig) (ug/g)
4 85.7 7.5 45,9 447 7.598 440
5 - - - 123.4 12.85 109.2
12 41 29 140 160 16 140
13 44 - - - - -
29 46,7 - - - - -
41 42.6 - - - - -
46 9.59 - - - - 80.56
52 - - - 201 24 177
56 224 - - 870 59.5 810
61 68.6 5.5 67.6 - - -
65 - 3 28 - - -
72 53.6 - - 22.685 4,878 17.785
76 42 - - - 3086.1 -
80 25.52 10.08 62.11 70.52 9.18 61.33
84 32 6.2 58.7 - - -
91 28.5 5.8 - 98.7 6.2 92.7
Median * 43 5.4 59 120 9.2 100
Confidence 27- 4.6- 32- 71- 6.2- 61-
Limits * -66 -5.8 -89 -140 -16 130
Table A4.3. continued.
Laboratory n-C 17 Pristane | n-C 18 | Phytane Sum. of Total
Code alkanes aromatics
Number (ng/g) (ng/g) | (ng/g) | (ng/g) (uo/g) (Hgfg)
4 463 80 195 44 2.937 -
5 502 20 120 31 5.45 -
12 870 79 71 56 3.3 32
29 2600 - 1400 - 14 -
46 644.05 80.66 23.02 69,47 3,854 -
52 787 166 181 171 2,668 178
56 1100 240 505 290 53 -
72 281 291 221 130 4.866 47.513
76 8266 2017 4767 2043 99.3 -
80 906 211 355 113 6.78 -
o1 1100 167 100 167 4.633 41.9
Median * 670 170 200 120 5.2 42
Confidence 500- Q0- 100- 50- 3.3- 30-
Limits * 910 -240 -450 -180 8.4 -48
“-*. not reported

* - obtained through the world-wide intercomparison
N.D. . not detected.
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Table A4.3. continued,

Laboratory| Resolved | Unresolved | Bipheny! ;Phenanthr.! 2-methyl 1-methyl
Code aromatics | aromatics phenanthr. | phenanthr.
Number (uo/g) (ug/g) (ng/g) (ngfg ) (ng/g) (na/g)
4 0.407 - - 31 - -
5 - - - 52 11 9
12 6.6 25 5.2 52 36 55
27 - - - <10 - -
M - - - 190.17 - -
46 - - - 43.16 16.81 14.13
52 100 78 - 62 116 81
56 - - - 93.5 - 31
72 9,783 37.73 - 346 - -
76 82.4 - - 275 355 125
80 - - - 84 - -
91 a1 38.8 - 86.7 856 323
92 - - - <1 - -
Median * 9.8 27 7 80 47 20
Confidence 3.1- 25- 5.2- 43 20- 1.6-
Limits * -82 -38 -8.3 -82 -75 -24
Table A4.3. continued.
Laboratory | Anthracene | Chrysene | Fluorene ; Fluoranth. Pyrene Benzo(hb)
Code fluoranth.
Number (ng/g) (ng/g) {ng/g ) (ng/g) (ng/g ) {ng/g)
4 - 30 ~ 112 92 -
5 2 7 16 10 -
12 6.4 23 11 94 82 21
13 - - - N.D. N.D. N.D.
27 - < 20 ~ <10 <10 -
41 - <1 - 65.5 38.83 -
46 - 36.43 - 59,76 51.04 -
52 - 107 - 1206 152 -
56 7.5 37.5 28.5 83 56 16.5
72 631 1863 418 356 485 ~
76 - 108 - - 348 -
80 - 23 - 82 B5 -
91 - 70 - 1430 487 -
92 - 452 - 40 665 0.97
Median * 4.3 32 8.7 73 57 19
Canfidence 1.8- 21- 8.1- 5o- 39- 14~
Limits * -8.4 -46 -11 -04 -81 -30

“-*: not reported
* ; obtained through the world-wide intercomparison.
N.D. ' not detected.
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Table A4.3. continued.

Laboratory | Benzo(k) Benz(a) Perylene Benzo(e) Benzo(a) 1-methyl
Code fluoranth. | anthracene pyrene pyrene naphthal.
Number (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ngfg )
4 - 17 - - 26
5 - - 6 - - 3
12 - 16 N.D. 30 13 9.8
13 N.D. N.D. N.D. N.D. N.D. -
27 - < 40 - <10 <10 -
41 - <1 - - <1 -
46 - 15.61 52.89 4.45 -
52 - 18 - 19 5 -
56 156.5 15 8.5 28 5.5 65
72 - - - - 676 -
80 - 17 - 22 9 -
91 - - - - - 3086,7
92 - 26.9 - 34.4 <0,15 -
Median * 9.7 15 7.3 27 3.5 15
Confidence 6- 12- 6.1- 22 2.9- 13-
Limits * -13 -17 -9.3 -30 -5 -17
Table A4.3. continued.
Laboratory | 2-methyi Naphthal. |Benzo(ghi)| Ind.(123cd) | Acenaph- Acenaphth.
Code naphthal. perylene pyrene thylene
Number (ngfg) (nofg) (nafg ) {ng/g) {ng/g) {(ng/g)
4 - <2 - - - -
5 - - - - 2 1
12 21 18 8 8 - N.D.
13 - - N.D. N.D. - -
27 - <40 < 40 - - -
41 - <1 <1 - - -
46 - - 11.34 - - -
52 - 48 25 - - -
56 90 94.5 2.5 - 31 9.5
72 - <0,1 863 - - -
80 - - 13 - - -
91 - 56.7 - - - -
92 - - <17 <86.4 - -
Median * 23 9.9 6.5 1.9 3.4
Confidence 20- 8.3- 5.5~ 1.4- 1.9-
Limits * -29 -13 -7.9 2.7 -7.1
“. ' not reported.

* + gbtained through the world-wide intercomparison.
ND : not detected.
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Table A4.4. Chlorinated compounds and PCBs - treatment of samples

Laborat. Drying Extraction Procedure Used Internal
No Procedure Instrument Solvent Time Standard
4 105 °C Soxhlet Hexane 8 hours 2,4,6 TCB

24 hours
B None Glass Ethyl Ether Not 2,4,5TCB
Ampoule 80 °C indic.
12 110 °C Soxhlet Hexane 8 hours 2,4,56 TCB
24 hours and & HCH
13 103 °C Soxhlet Hexane/ 11 hours { Octachl. and
4 hours Acetone(3/1) tetrachl.Napht.
15 105 °C Ultrasonic Hexane 16 hours None
48 hours
18 Oven Soxhlet Hexane Not ind. Mirex
25 Not indicated Mixer Acetone 2 PCB 4
minutes
27 105 °C Ultrasonic | Petroleum ether | 5 times Nane
48 hours Bath
28 105 °C Soxhlet MeCl2/Pentane Not PCB 155
QOvernight {1:1}) indic.
29 105 °C Ultrasonic | Hexane/Acetone! 30 min. None
48 hours {2:1)
32 105 °C Soxhiet Hexane/Acetone Nat PCB 209
const. weight { 50:50) indic.
41 Not indicated Soxhlet Hexane Not indic. Naone
46 None Soxhlet Methanoi Not indic. | Not indicated
51 60 °C Not Hexane/Acetone Not Tetrachloro
48 hours indicated { 80:20) indic. Naphthalene
56 Not Ultrasonic | Cyclohex/MeCl2 Not None
indicated Hex (2:2:6)| indiec.
57 None Soxhlet Hexane Not indic. 2,4,5 TCB
58 Na2504 Soxhiet Hexane 10 hours | Mixed Standard
59 None Not indic. Acetonitrile | Not indic. None
60 105 °C Soxhlet Hexane 8 hours None
24 hours
61 Freeze-Dried Soxhlet Hexane 8 hours 2,4,5 TCB
65 Not indic. Soxhlet Hexane 8 hours 2,4,5TCB
73 Not indic. Soxhlet Hexane 8 hours 2,45 TCB
92 None Bligh and Not Not PCB 53 and
Dyer Method indicated indic. Desmetryne
96 105 °C Mixer Hexane 8 hours 2.4,5TCB
48 hours
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Table Ad4.4. continued.

Laboratory Clean-up Fractionation Method for
No Procedure Pracedure Confirmation
4 Sulfuric Acid Silica Gel {1 g) Relative Retention
for lipids 2 fractions Times . For DDTs :
dehydrochlorination
5 Sulfuric Acid Florisil GC/MS
for lipids 2 fractions
12 Sulfuric Acid Florisil {14 g} Standard Retention
for lipids 3 fractions Times + GC/MS
Engine HP - NC!
13 Florisil None Injection on DB 1701
and DB 5
15 Sulfuric c18 Standard Retention
Acid Petrol.Ether/ Times { 3 columns )
EthylEther(8:2)
18 Sulfuric Acid None Dehydrochlorination
25 Florisi Florisit(F1,F2,F3) 2 columns + GCMS
27 None None Standard Retention
Times
28 Alumina/Silica F1: isooctane 2 columns
F2:iscoct/MeCl2 (CPSIL 19 CB)
29 OC: Lig/Liq part. OC : Florisil Standard Retention
PCB:Sulfur.Acid PCB : Silica gel Times
32 Sulfuric Acid Alumina/Silica Use of 2
2 fractions columns
41 Gel Permeation Not indicated GC/MS SIM
46 Saponification Silica/Alumina Stand. Ret. Times
51 Sulfunc Acid Florisil Standards Retention
Times
56 Florisil/sea sand None Standards Retention
Celite/DMSO Times
57 Sulfuric Acid Florisil - 2 fractions Not indicated
EthylEther/Hexane
58 Suifuric Acid Silica Gel - Hex./ Internal Standard
Diet.Ether : Hex. Saponification
59 Lig.Lig partition. Florisil - hex/ Retention Times
with hexane Hex/MeCl2 (7:3) and GC/MS Library
60 Sulfuric Acid Silica Gel Saponification
2 fractions
61 Sulfuric Acid Florisii / 3 fractions Stand. Ret, Times
65 Sulfuric Acid Florisil None
73 Not indicated Florisil Stand. Ret. Times
92 Alumina Florisil 2 Columns
JW-1701 and HP-5
96 Conc. Sulfuric Florisil Standard Retention

Acid

Times
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Table A4.5. GC conditions - chlorinated compounds and PCBs

Lahoratory Instrument Detector Injection Injector
No Type Type Technique Temperature
4 C.Erba FV4180 ECD-Ni Splitless 280

HP 5890 series |l ECD-Ni Splitless 280
12 HP 5880 A ECD-Ni Splitless 250
13 Varian 3400 ECD-Ni On Cotumn 85
15 HP 5890 ECD-Ni Split 250
Carlo-Erba ECD-Ni On column 140
LMB-1 ECD-Ni Tete de Colonne 220
18 Varian 3400 ECD-Ni On Column 60
25 V 3400 CX ECD-Ni On Column 50 to 250
160 °C/min.
27 HP 5880 ECD-Ni Split/Splitless 200
28 Perkin Eimer 8700 ECD-Ni Splitless 270
29 Varian 3700 ECD-Ni Splitless 249
32 Varian 3400 ECD-Ni Splitless 270
41 GC/MS Electr. Magn. Splitless 250
46 HP 5890 ECD-Ni Automatic 7673 280
51 Fisons GC 800C ECD-Ni Cn Cotumn 75
HP 58390 ECD-Ni On Column 75
56 HP 5890 series |l ECD-Ni Splitless 250
b7 Varian 3700 ECD-Ni Splitless 240
58 Varian 3700 ECD-Ni Packed column 210
59 Shimadzu GC 14A ECD-Ni Splitless 200
60 HP 5730 A ECD-Ni Splitless 250
61 VARIAN 3400 ECD-Ni Splitless 210
65 Perkin Elmer 8700 ECD-Ni Not indic. Not indic.
73 VARIAN 3400 ECD-Ni Splitless 220
92 CE HRGC 5300 ECD-Ni On-Column N/A
92 VARIAN 3300 ECD-Ni Not indic. 270
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Table A4.5. continued.

Labor. | Injection Splitter Carrier Gas Split
No Volume closing time Type Flow rate Ratio
4 24 30 min. Hydrogen 2 mi/min, {1:10)
5 2 ul 1 min. Helium 20 cm/sec. N/A
12 1-3 ul 0.5 min. Nitrogen 1.5 ml/min. N/A
13 0.8 ul N/A Hydrogen 33 mi/min. N/A
15 3ul Not indic. Nitrogen 3.56 mi/min. (5.6:1)
0.2 4 N/A Hydrogen 1.5 ml/min. N/A
5 ul Not indic. Nitrogen 40 mi/min. N/A
18 1l N/A Helium 2 mi/min. N/A
25 1 ul N/A Helium 2 ml/min. N/A
27 14 Not indic. Nitrogen Not indicated Not indic.
28 14 3 mn, Helium 0.9 ml/min. 11
29 3 ul 1 min. Nitrogen 1.7 mi/min. {1:65)
32 T ul 5 min. ‘ Hydrogen 28-30 cm/sec N/A
41 2 ul 1 min. Helium 0.82 mil/min. N/A
46 2 ul 0.5 min. Helium 50 ml/min. Not indic.
51 2 ul N/A Hydrogen 1.5 ml/min. N/A
14l N/A Hydrogen 1.5 mi/min. N/A
56 2.ul 0.6 min. Nitrogen Not indicated {46:1)
57 0.5 ul Not indic. Nitrogen 12 mi/min. N/A
58 5 ul N/A Nitrogen 25 mi/min. N/A
59 1 4l 0.2 min. Nitrogen 1.5 mi/min, N/A
60 2.4 Not indic. Nitrogen 2 mi/min. N/A
61 1 ul 0.5 min. Arg./Meth. 1.5 ml/min. N/A
65 0.5 ul Not indic. Nitrogen Not indic. Nat indic.
73 2 ul Not indic. Nitrogen 2 ml/min, N/A
92 1 ul N/A Hydrogen 0.84 ml/min. N/A
96 14 0.75 min. Nitrogen Not indic. Not indic.
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Table A4.5. continued.

Laboratory Column
No Type Length Diametre Phase Film Thickness
4 Capil. 30m 0.32 mm SE-b4 0.3 um
Capil. 50 m 0.32 mm HP-5 0.17 um
12 Capil. 25 m 0.2 mm SE-Bb4 0.32 ym
13 Capil. 60 m 0.25 mm DB-1701 .25 um
15 Capil. 30m 0.53 mm DB-608 0.83 um
Capil, 25m 0.52 mm SE-54 0.52 um
Pack. 2m 4 mm 10%Surchr. N/A
18 Capil. 60 m 0.32 mm DB-5 0.25 ym
25 Capil. 50 m 0.32 mm CPSIL 5 CB 0.25 um
CPSIL 8 CB
27 Capil. 50 m 0.25 mm DB-1 0.12 um
28 Capil. 50 m 0.2 mm CPSiL 8 CB 0.33 ym
29 Capil. 30 m 0.25 mm SE-b4 0.25 um
32 Capil. 60 m 0.25 mm DB5/DB1701 0.25 um
41 Capil. 30m 0.25 mm DB-b 0.25 ym
46 Capil. 30 m 0.256 mm DB-5 Not indicat.
51 Capi. 60m 0.25 mm DB-1701 0.25 ym
Capil. 60 m 0.25 mm DB-5 0.25 um
56 Capil. 25 m 0.32 mm SE-54 0.17 um
57 Capil. 25 m 0.53 mm BP-5 1 um
58 Pack. 2m 2 mm 1.5% 0OV17 N/A
1.95% 0V210
59 Capil, 30 m 0.32 mm SE-54 0.52 um
60 Capil. 25m 0.2 mm SE-54 0.11 um
61 Capil. Om 0.32 mm Not indic. 1 um
65 Capil. 25 m 0.25 mm BP-1 Not indic.
73 Capil. 25 m 0.32 mm BPX-b 0.25 um
92 Capil. 60 m 0.25 mm DB - 1701 0.25 ym
96 Capil. 30m 0.32 mm DB-1 0.26 um
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Table A4.5. continued.

Labor. Temperature Programme

No |In.Temp|isoth.| 1strate | to: | Isoth. |2ndrate| to: | Isoth. (3rdr.| to:
80 2 min. 4 280 [ 15 min.

5 80 |4 min. 30 100 | O min. 2 280 | 10 min.

12 60 0 min. 260 | 20 min.

13 160 {3 min. 260 [ 30 min.

15 140 | O min. 20 210 | O min, 5 270 | 20 min.
140 |2 min. 10 240 | 3 min. 30 270 | 15 min,
220

18 60 2 min. 6 120 | 5 min. 2 280 | 20 min.

25 100 |2 min. 20 220 | 10 min. 3 260 [ 5 min.

27 100 {1 mn. 8 180 | 5 min. 6 260 [ 10 min.

28 90 {3 min. 30 215 | 30 min. 5 275 | 20 min.

29 60 1 min. 12 230 | 30 min.

32 80 |2 min. 20 200 | 20 min. 5 320 | 3 min.

41 60 3 min. 30 150 [ O min. 5 280

46 80 1 min. 6 280 [ 15 min.

51 75 {2 min. 30 190 | O min. 2.5 290 | & min.
75 2 min. 30 180 | O min. 2.5 280 | 5 min, 5 |300

56 125 {1 min. 3 180 | 1 min. 1.3 260 | 1 min.

57 180 |5 min. 5 220 {25 min.

58 190

59 200 |5 min. 2 250 | 15 min.

60 1710 | O min. 8 220

61 70 2 min. 3 250 | 40 min.

65 70 2 mun, 5 260 | 15 mn,

73 70 2 min. 3 260 | 15 min.

92 100 |1 min, 40 140 | O min. 2.5 270 { 30 min,

92 70 |2 min, 3 250
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Table A4.5. continued.

Laboratory | Detector Make-up Make-up Recorder
No Temperature Gas Flow Integrator
4 320 Nitrogen 35 mi/min, HP 3396
5 360 Nitrogen 30 mi/min, HP
12 300 Nitrogen 40 ml/min. HP GC Terminal
13 300 Nitrogen 30 mi/min. Computer { soft : Waters)
15 300 Nitrogen 40 mi/min. HP-33986
300 Nitrogen 30 mi/min. HP-3396
260 Nitrogen 40 mi/min. HP-3390
18 300 Nitrogen 25 mi/min, IBDH - Varian
25 300 Nitrogen 30-40 mi/min. Minichrom VG
instrument Fisons
27 300 Nitrogen 60 mi/min, PC 486/33
28 380 Argon/Methane 80 mi/min. Software "Gold"
28 300 Nitrogen 24 r'nl/min. Spectra Physics 4400
32 310 Argon/Methane 18 mi/min. Not indicated
41 Source : 200 N/A N/A not indicated
46 Not indicated| Not indicated | 66.4 ml/min. Not indicated
51 330 Argon/Methane | Not indicated SP 4270 Chrom Card
300 Argon/Methane | Not indicated HP Chemstation
66 280 Nitrogen 40 mi/min, HP 3396 i
57 300 Nitrogen 30 mi/min. Varian 4270
58 280 Nitrogen 25 mi/min. Varian 4290
59 280 Nitrogen 30 mi/min. Computing System
60 350 Nitrogen 30 ml/min. HP 3380 A
61 300 Argon/Methane 30 ml/min. VARIAN 4290
65 300 Nitrogen 60 mifmin. Not indicated
73 300 Nitrogen 30 mi/min. Axxion Data System
92 300 Nitrogen Not indicated Integr. D25000 Merck
96 Not indic. Not indic. 30 mi/min. VA 4400l
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Table A4.6. Petroleum hydrocarbons - treatment of samples.

Lahorat.| Drying | Extraction Procedure Used Internal
Na | Procedure | Instrument Salvent Time Standard
4 105 °C Soxhlet n-Hexane | 8 hours n-C 24
24 hours
5 not Glass Hexane 24 hours| Squalane,HCH,HCB
indicated | Ampoule 80 °C Dieldr.Perth.Methox.
12 110 °C Soxhiet Methanol 8 hours n-C32, C18.1
24 hours 9,10 dihyd.Anthrac.
13 103 °C Soxhlet Hexane/ 11 hours None
4 hours Acetone(3/1)
27 106 °C | Witrasonic | Methylene | 5 times None
48 hours Bath Chioride
29 105 °C Stirring Hexane 10 min. None
48 hours
41 Not indic. | . Soxhlet Hexane Not ind. None
46 Not Not KOH/MeQH Not None
indicated | indicated | Hex/MeCl2 | indicat.
52 105 °C Soxhlet Methanol 6 hours C18.1/C 32
overnight 9,10 dihyd.Anthrac.
56 105 °C Soxhlet Methylens Not Chrysene d-12
24 hours Chloride indie.
61 Freeze Soxhlet Methanol 8 hours None
dried
65 None Soxhlet Methanol 8 hours None
72 100 °C Soxhlet | Hex/MeCl2 8 C11-C30
24 hours {1:1) cycles
76 Not indic. | Notindic. | Not indic. _Nc?t Not indic.
80 Not Uitrasonic | Diethyl Ether Irl‘\ld(;(t:‘ indeno(123cd)flucrant
indic. indic. C18:1
M Not indic. | Soxhlet Methanol |12 hours C18:1/C32
92 None Bhigh and Not Not PCB 53 and
Dver indic. indic. Desmetryne
Methed
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Table Ad.6. continued.

Laborat. Clean-up Fractionation Method for
No Pracedure Precedure Confirmation
4 Aliphatic : Silica/Alumina Aromatic :
Conc. Sulf. Acid 2 fractions HPLC/Fluoresc. Detect.
5 Saponification Silica Gel Selected
2 fractions {on monitoring
12 Saponification Silica/Alumina Standard Retention
3 fractions Times + GC/MS HP
Engine NCI
13 Florisil None None
27 None None Comparison UV spectra
and Retention times
29 Florisil { 6 % GC/MS
Ether in Hexane}
41 Gel Permeation Not indicated GC/MS SIM
46 Not Liq. chromat. silica/ Retention Times
indicated alumina . 3 fractions GC/MS
52 Saponification Silica/Alumina Not indicated
2 hours 2 fractions
56 Saponification Silica/Alumina GC/MSD SIM
61 Alumina Silica Gel None
65 Saponification Silica/Alumina None
72 Not Florisil Standards
indicated 2 fractions Retention Times
76 Not indic. Not indic. Not indic,
80 Saponification Alumina/Silica Use of Relative
Retention Times
a1 Saponification Alumina/Silica Stand. Ret. Times
92 Not indicated Alumina/Florisil Standards

Retention Times
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Table A4.7. GC conditions - petroleum hydrocarbons.

l.aboratory Instrument Detector Injection Injector
No Type Type Technique Temper.
4 C.Erba FV 4160 FID Splitless 280
Shimadzu QP1000 MD/EI Splitless 280
12 Fisons 8000 FID On-Column 35
29 HP 5890 sernes || FID Direct 290
41 GC/MS Elect.Magn. Splitless 280
46 PAH : MD 800 Fisons | E.l. mode Splitless 280
PH : C. E. Mega 5300 FID Splitless 280
52 Fisons Mega serie |l FID On Column Not indic.
56 HP 5971 GC/MSD MSD Splitless 250
72 DANI 3800HR FID Split/Spilitless 270
76 Not indic. Not indic. Not indic. Not indic.
80 HP 5890 Series I FID Splitless 250
91 HP 5890 FID On Column 63
Table A4, 7. continued.

Laborat. | Injection Splitter Carrier Gas Split
No Volume | closing time Type Flow rate Ratio
4 2u 0.5 min. Hydrogen 1.8 mi/min, (1:10)

24 3 min, Helium 1 ml/min. N/A
12 0.5 u N/A Helium 1.5 ml/min. N/A
29 14l N/A Nitrogen 20 mi/min, N/A
41 2 ul 1 min. Helium 0.82 mi/min. N/A
46 1 ul 0.8 min. Helium P= 14 psi N/A

1 ul 0.58 min. Hydrogen 2 mi/min. N/A
52 T N/A Helium 2.4 ml/min, N/A
56 2 0.75 min. Helium 40 mi/min, N/A
72 1 ul Not indic. Helium 3 mi/min. {1:2.5)
76 Not indic. | Not indic. Not indic. Not indic. Not indic.
80 Tul 1 min. Helium 0.72 ml/min. {1:40)
91 1 ul N/A Helium 2 ml/min. N/A
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Table A4.7. continued.

Laboratory Column
No Type Length Diametre Phase Film Thickness
4 Capil. 30m 0.32Z mm SE-54 0.3 ym
5 Capil. 50 m 0.2 mm HP-1 0.17 ym
12 Capil. 25 m 0.32 mm SE 54 0.17 um
29 Capil. 10m 0.53 mm HP-1 2.65 um
41 Capil. 30m 0.25 mm DB-5 0.25 ym
46 Capii. 30m 0.25 mm SE-54 Not indic.
Capil. 30m 0.25 mm SE-54 Not indic.
52 Capil. 30m 0.32 mm DB-5 0.25 um
56 Capil. 30m 0.25 mm SE-b4 0.25 um
72 Capil. 25 m 0.3 mm RSL200 0.3 ym
76 Packed Not Not indic. Not indic. Not indic.
indic.
80 Capil. 25m 0.25 mm SE-b4 0.25 um
91 Capil. 25 m 0.32 mm SE-54 0.17 um
Table A4.7. continued.
Labor. Temperature Programme
No |Init. Temp Isoth. 1str.| to: Isoth. 2ndr.| to: Isoth.
4 80 2 min, 4 280 | 20 min,
60 4 min. 30 {100 0 min, 2 310 | O min.
12 70 0 min. 3 {290 | 20 min.
29 60 5 min. 16 { 310 | 50 min.
41 90 3 min. 10 | 290 | 17 min.
46 20 0 min. 15 | 110 0 min, 8 300 [ 15 min.
90 O min. 158 | 110 0 min, 6 300 | 15 min.
52 60 0 min, 3 290 § 25 min.
56 55 0.1 min, 18 [ 180 | 0.1 min. 10 | 280 | 13 min.
72 80 1 min. 4 | 280 2 min,
80 50 1 min. 5 290 ) 20 min.
91 60 0 min. 3 | 290 | 13 min,
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Table A4.7. continued.

Labor. Detector Make-up | Make-up Air Hydrogen Recorder
No Temperature Gas Flow Flow Flow Integrator
4 280 Nitrogen | 40 mi/min. | 300 mi/min.| 30 mi/min. HP 3396
B 280 N/A N/A N/A N/A GC/MS
12 300 N/A N/A Not indicat, | Not indicat. | CRBA Shimadzu
29 300 Not Not 400 ml/min.| 30 ml/min. HP 3362 A

indic. indicat.
41 Source ; 200 N/A N/A N/A N/A Not indicated
46 330 N/A N/A N/A N/A Fisons Data Station
330 Nitrogen | 30 ml/mun. { 350 mi/min.| 25 mi/min. Not indicated

52 300 Helium | 10 mi/min. [ 430 ml/min.| 30 mi/min. Recorder
56 280 N/A N/A N/A N/A Not indicated
72 280 Nitrogen | 65 mi/min. | 200 mi/min.| 50 ml/min. Shimadzu CR3A
80 325 Nitrogen [ 27 mi/min, | 640 mi/min.| 57 mi/min. Chemstation
91 300 Nitrogen | 30 mi/min, | 300 mi/min. | 20 ml/min. HP 3396
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ANNEX V
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IAEA 142
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