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1. ABSTRACT 
This report describes the characterization of IAEA 392, naturally grown algae Reference Material, for 
mass fractions (of concentration) of several major, minor and trace elements. Details are given on the 
homogeneity studies, the long term stability, the analytical work performed and the evaluation of the data. 
Recommended values for the elemental content could be established for: Ca (2680±67.4mg/kg), Cu 
(23.2±1.7 mg/kg), Fe (497±13.6 mg/kg), Mg (2376±78.8 mg/kg), Mn (67.5±1.54 mg/kg), Na (680±23.0 
mg/kg), Ni (0.571±0.028 mg/kg), Pb (0.574 ±0.028 mg/kg) and Zn (128±2.0 mg/kg) 
For As (0.175±0.016 mg/kg), Cd (0.0173±0.0014 mg/kg), Co (3.33±0.12 mg/kg), Cr (4.57±0.18 mg/kg), 
and K (8383±252 mg/kg), information values are reported. 
 
2. INTRODUCTION 
A reliable determination of toxic elements in environmental samples plays a vital role in the assessment 
of environmental pollution. Appropriate assessment depends on the careful selection of representative 
samples that truly reflect pollution levels. Biomonitors such as lichen and algae are examples of 
environmental samples that have been widely used by the scientific community to monitor environmental 
pollution. The second pillar supporting reliability of environmental measurements is the availability of 
appropriate reference materials for analytical quality control. IAEA-392 Algae is one of the materials 
prepared for this aim.  
The IAEA-392 sample was used as an intercomparison material to serve as a means to evaluate the 
performance of the laboratories for measuring toxic and other minor or major elements in this biomonitor. 
Afterwards a certification exercise was initiated taking into account most of the requirements for 
reference material production and certification as stated in ISO guides 34 and 35 [1, 2]. This report will 
summarize the preparation and certification process. 
 
3. DESCRIPTION OF ALGAE MATERIAL 
The IAEA-392 Algae material was prepared by the Chemistry Unit of the International Atomic Energy 
Agency’s Seibersdorf laboratories in co-operation with the Institute of Microbiology, Academy of 
Sciences of the Czech Republic in Trebon, during 1995. 
The IAEA-392 algae material (type: Scenedesmus obliquus 208) was produced under standard outdoor 
culture conditions [3, 4]. The sloped bioreactor bed was constructed from steel. Mineral nutrients were 
prepared from ‘pro analysis’ chemicals and added as required. Thus, the optimum balanced composition 
of the nutrient medium in the growing culture was maintained. After harvesting, the algae were 
transferred to a cooled tank and continuously spray dried with moderate venting and at a moderate 
temperature, avoiding damage to the cell structure. 
The dry bulk algae material was irradiated with γ-rays to improve long-term stability of the material by 
reducing microbial action. During particle size measurements it could be seen that the single cell structure 
of the algae had been maintained during preparation. The natural cell particle size was around 8 µm. 
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Figure 1: Particle size distribution of three IAEA 392 samples 

 
Bottling of IAEA-392 was done under normal laboratory conditions, taking all precautions to avoid 
contamination. After bottling the samples were packed into plastic bags, sealed, and sterilized by gamma 
ray irradiation with a total dose of 25 kGy using a Co-60 source. 
3.1 Homogeneity  
The homogeneity of the material was tested twice, directly after bottling (see information of 
intercomparison reference sheet Appendix 1), and during the characterization exercise. Sample bottles 
covering the whole bottling range were selected. During the tests emphasis was placed on performing 
measurements under good repeatability conditions. The homogeneity was tested for all elements for 
which recommended and information values have been assigned.  
For the preliminary homogeneity tests 10 randomly selected bottles were used (Appendix 1).  
The results reported in the characterization report derived from 2 to 4 sub-samples from 6 bottles. For the 
determination of the uncertainty arising from sample heterogeneity, the results were used only when the 
sample intake mass was about 200 mg or less. The repeatability of the results showed that measurements 
were within the control limits (normally distributed, no outliers) and reasonable total method 
uncertainties (see table 1) could be achieved although the elemental concentrations were very low. 
The uncertainty due to sample heterogeneity was calculated using the ANOVA approach (Excel 
spreadsheet), and the formulas stated in ISO Guide 35 [2]: 

withinwb MSs =
2              (1) 

0

2

n
MSMS

s withingamon
bb

−
=            (2) 

4
2*
withinMS

within
bb n

MSu
ν

=            (3) 



 

3 

Depending upon which uncertainty value was more conservative, either sbb or u*bb was used for the 
combined uncertainty information (the shaded numbers in table 1)  
Table 1: Results of the homogeneity test calculation 

Element 
Sample 
intake 
[mg] nb/nR 

Stdev. of 
mean 
[%] Ftest 

Method 
applied sbb [%] u*bb [%] 

Reported 
method u 

[%] 
As 200 6/4 0.46 yes (99%) HGAAS 1.44 0.51 1.91 
Ca 100 6/3 0.44 yes  INAA  0.95 0.58 5.76 
Cd 200 6/4 0.77 yes DPASV  1.74 1.41 1.91 
Co 100 6/2 0.17 yes INAA  0.42 0.24 0.35 
Cr 200 6/4 0.96 yes ETAAS  neg. 1.26 3.60 
Cu 200 6/2 1.55 yes ETAAS  0.26 2.79 2.30 
Fe 100 6/3 0.73 yes INAA  neg. 0.78 2.23 
K 100 6/3 0.28 yes INAA  0.63 0.38 2.92 
Mg 200 6/2 0.73 yes AAS  neg. 1.50 4.16 
Mn 100 6/2 0.47 yes INAA  neg. 1.02 2.46 
Na 100 6/3 0.23 yes INAA  neg. 0.39 1.20 
Ni 200 6/2 1.12 yes AAS  1.82 1.92 2.57 
Pb 200 6/4 0.89 yes DPSCV  neg. 1.33 3.25 
Zn 100 6/3 0.32 yes INAA  0.44 0.48 1.08 
         

 
Due to the low elemental concentration of many elements and the increasing measurement uncertainties 
close to the method’s limit of detection, no attempt was made to define the heterogeneity for smaller 
sample intake masses. Although there are indications that due to the natural small particle size of this 
material the homogeneity of the material is suitable even for smaller sample intake masses, it is 
recommended that the minimum sample intake mass used for analysis should be 200 mg.  
3.2 Long-term stability 
The long-term stability was measured for 7 elements together with the long-term stability of IAEA-338 
Lichen candidate RM. Test time was about 3 years. The slope, intercept and the uncertainties of both 
were calculated for the trend analysis. The significance test at 95% confidence level did not show 
evidence of degradation (details can be found in Appendix 5). It was decided not to include an 
uncertainty related to the stability, since the measurement reproducibility within the three years was 
worse than expected and would lead to an overestimation of the combined uncertainty. It is intended to 
further monitor long term stability of the material. 
4. CHARACTERIZATION 
For the characterization exercise, laboratories were selected which had successfully participated in 
previous IAEA intercomparison runs [List of participants; Appendix 2]. All of them had an implemented 
quality system, but not all were formally accredited at the time of the exercise. 
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During the planning meeting a short guideline was prepared where quality aspects (e.g. traceability of 
standards, calibration, instrument performance, calibration of balances, pipettes and volumetric flasks) 
and analytical requirements (e.g. number of sub-samples, sample intake mass, dilution techniques) were 
defined [5]. 
Each analyst had received 6 bottles (randomly selected covering the whole bottling sequence) and was 
requested to analyze from each bottle at least 2 sub-samples following the established guidelines. 
Sample intake mass for the analysis was proposed to be 100mg (if feasible, to achieve a good limit of 
detection), and all laboratories using dissolution techniques were requested to apply two different 
digestion procedures, one of them including HF to assure a complete dissolution of the silica- bound 
fraction of the elements. The comparison of results achieved using these two different dissolution 
techniques and the same quantification method showed that the elemental concentrations were not 
significantly different. As examples, results of Fe and Cr are shown (APPENDIX 3); both elements have 
shown discrepancies between destructive and non-destructive techniques or even within the use of two 
different dissolution methods in previous studies [6, 7] 
Tables 2.1 to 2.14 give a short summary for all elements on the digestion procedures used, the sample 
intake mass used for analysis and the analytical method applied. 
 
Table 2.1 Arsenic 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 

P6/5 200  HPD at 300°C, HNO3 HG- AAS, 193.7nm 
ND/2 100  Non destructive INAA, 76As at 559 keV  
ND/1 100  Non destructive INAA, 76As at 559 keV 
ND/3 150  Non destructive INAA 1 [8] 
P1/1 100 PMW, HNO3, ICP-MS, Mass 75 
 
Table 2.2 Calcium 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 393.367nm 
P8/5 200 PTFE at 180°C, HNO3 ICP-OES, 422.673nm 
ND/2 100  Non destructive INAA, 47Ca (47Sc) 159.4 

and 1297 keV 
P2/1 200 PMW, HNO3, H2O2 Flame AAS, 422.7nm 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial 422.673nm 
ND/3 150  Non destructive INAA  [8]  
 
___________________________________________________________________________ 

1 Laboratory ND/3 used for the identification and quantification of each element all gamma-ray lines, including sum-peaks 
of all radionuclides produced upon reactor neutron irradiation from the respective stable isotopes of that element. The 
radionuclides, gamma-ray lines and intensity ratios are traceable to M.Blaauw [8]. 
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Table 2.3 Cadmium 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P6/5 200  HPD at 300°C, HNO3 DPCSV on HMDE 
P8/5 200 PTFE at 180°C, HNO3 IDMS 
P4/4 1000 open, HNO3, HClO4 ET AAS, 228.8nm 
 
Table 2.4 Cobalt 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 

P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 228.616nm 
P6/5 200  HPD at 300°C, HNO3 DPCSV on HMDE 
ND/2 100  Non destructive INAA, 60Co, 1173 and 1333 

keV 
ND/1 100  Non destructive INAA, 60Co, 1173 and 1333 

keV 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 228.616nm 
ND/3 150  Non destructive INAA * [8] 
P1/1 100 PMW, HNO3, ICP-MS, Mass 59 
 
Table 2.5 Chromium 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 

P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 205.552nm 
P8/5 200 PTFE at 180°C, HNO3 ET-AAS, 357.9nm 
ND/2 100  Non destructive INAA, 51Cr, 320.1 keV 
ND/1 100  Non destructive INAA, 51Cr, 320.1 keV 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 205.552nm 
ND/3 150  Non destructive INAA * [8] 
P1/1 100 PMW, HNO3, ICP-MS, Mass 53 
 
Table 2.6 Copper 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 

P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 324.754nm 
P8/5 200 PTFE at 180°C, HNO3 ET-AAS, 324.8nm 
P2/1 200 PMW, HNO3, H2O2 ET-AAS, 324.8nm 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 327.396nm 
ND/3 150  Non destructive INAA * [8] 
P1/1 100 PMW, HNO3, ICP-MS, Mass 63 
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Table 2.7 Iron 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 259.940nm 
P8/5 200 PTFE at 180°C, HNO3 ICP-OES, 259.940nm 
ND/2 100  Non destructive INAA, 59Fe, 1099 and 1292 

keV 
P2/1 200 PMW, HNO3, H2O2 Flame AAS, 248.3nm 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 238.204nm  
ND/3 150  Non destructive INAA * [8] 
P1/1 100 PMW, HNO3, ICP-MS, Mass 57 
ND/1 100  Non destructive INAA, 59Fe, 1099 and 1292 

keV 
 
Table 2.8 Potassium 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
ND/3 150  Non destructive INAA * [8] 
P8/5 200 PTFE at 180°C, HNO3 ICP-OES, 769.898nm 
ND/2 100  Non destructive INAA, 42K, 1525 keV 
P2/1 200 PMW, HNO3, H2O2 Flame AAS, 769.9nm 
P9/4 1000 reflux, HNO3, HClO4 ICP-OES axial, 769.896nm 
 
Table 2.9 Magnesium 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 279.553nm 
P1/1 100 PMW, HNO3, ICP-MS, mass 24 
P2/1 200 PMW, HNO3, H2O2 Flame AAS, 202.6 nm 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 285.213nm 
 
Table 2.10 Manganese 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 257.610nm 
P1/1 100 PMW, HNO3, ICP-MS, mass 55 
ND/3 150  Non destructive INAA * [8] 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 257.610nm 
P8/5 200 PTFE at 180°C, HNO3 ICP-OES, 257.610nm 
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Table 2.11 Sodium 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P2/1 200 PMW, HNO3, H2O2 Flame AAS, 589.0nm 
ND/3 150  Non destructive INAA * [8] 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 589.592nm 
P8/5 200 PTFE at 180°C, HNO3 ICP-OES, 589.592nm 
ND/2 100  Non destructive INAA, 24Na, 1369 keV 
 
Table 2.12 Nickel 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P2/1 200 PMW, HNO3, H2O2 ET-AAS, 232.0nm 
P1/1 100 PMW, HNO3, ICP-MS, mass 60 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 231.604nm 
P6/5 200  HPD at 300°C, HNO3 DPCSV on HMDE 
 
Table 2.13 Lead 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 

P2/1 200 PMW, HNO3, H2O2 ET-AAS, 283.3nm 
P1/1 100 PMW, HNO3, ICP-MS, mass 208 
P6/5 200  HPD at 300°C, HNO3 DPCSV on HMDE 
P8/5 200 PTFE at 180°C, HNO3 IDMS 
 
Table 2.14 Zinc 
Prep/Lab 
Code 

Approx. sample 
intake mass [mg] 

Dissolution technique/ 
Acid(s) 

Analysis technique 
P2/1 200 PMW, HNO3, H2O2 Flame AAS 213.9nm 
P3/1 1000 PMW, HNO3, HClO4 ICP-OES, 213.856nm 
P6/5 200  HPD at 300°C, HNO3 DPCSV on HMDE 
P8/5 200 PTFE at 180°C, HNO3 ICP-OES, 213.856nm 
ND/2 100  Non destructive INAA, 65Zn, 1116 keV 

 
ND/1 100  Non destructive INAA, 65Zn, 1116 keV 
P4/4 1000 open, HNO3, HClO4 ICP-OES axial, 213.856nm 
ND/3 150  Non destructive INAA * [8] 

    
 
Laboratory ND/3 used for the identification and quantification of each element all gamma-ray lines, 
including sum-peaks of all radionuclides produced upon reactor neutron irradiation from the respective 
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stable isotopes of that element. The radionuclides, gamma-ray lines and intensity ratios are traceable to 
M.Blaauw [8]. 
 
5. EVALUATION OF RESULTS 
5.1 General 
All results were collected and used as a basis for discussion. During the characterization meeting analysts 
were asked to withdraw data  
• if there were technically justified doubts on the analytical quality, or 
• if the standard deviation(s) of their individual data sets were higher than could be expected from 

the Horwitz equation [9]: 
s = 0.02conc. 0.8495         (4) 

 
In cases where analysts had used two different digestion methods to evaluate the silica bound component 
of the elements and the measurement technique was the same, the analysts were asked to withdraw one 
set of data. This was to avoid the double counting of methods using dissolution techniques in the 
evaluation. Generally, data sets which were based on the additional use of HF for the digestion had worse 
measurement repeatability and were withdrawn.  
For some elements no non-destructive analytical techniques were available. But since the dissolution 
methods were independent and very different, and at least three different measurement techniques were 
used, it is assumed that no bias was introduced which could be based on incomplete dissolution. 
5.2 Statistical screening of the combined data sets  
Since the number of data sets was small for many elements (e.g. n=4), their statistical evaluation showed, 
as expected, no outliers and a normal distribution. Therefore the statistical evaluation was expanded to 
cover all individual results of all methods and analysts. The HISTO program of the PCI, Chemistry Unit 
was utilized for this. Beside general descriptive statistics, the following tests are included in the program: 
• Outlier tests (Dixon, Grubbs, Skewness, Kurtosis) 
• Directional tests (Skewness, Kurtosis) 
• Normality tests (Kolmogorov-Smirnov, Kolmogorov-Smirnov-Lilliefors) 

 



 

9 

 
Table 3 shows some of the results of the statistical evaluation: 
  
Element nL Method used ni noutlier Normality tests si [%]  s.e.m.[%] 
As 4 INAA (3), HG-AAS 64 14 failed 12.64 1.58 

Ca 6 
INAA (3), AAS, ICP-

OES(2) 88 4 passed 3.13 0.33 
Cd 3 DPASV,IDMS, ET AAS 60 13 failed 23.69 3.06 

Co 7 
INAA(3), ICP-OES(2), 

DPCSV, ICP-MS 101 15 failed 5.58 0.55 

Cr 7 
INAA(3), ICP-OES(2), ET 

AAS, ICP-MS 95 4 failed 7.28 0.75 

Cu 6 
INAA(1), ICP-OES(2), 
AAS (2), ICP-MS 83 2 passed 7.48 0.82 

Fe 8 
INAA(3), ICP-OES(3), 

AAS, ICP-MS 113 0 passed 3.39 0.32 

K 5 
INAA(2), ICP-OES(2), 

AAS 77 5 failed 2.97 0.34 

Mg 4 
 ICP-OES(2), AAS, ICP-

MS 48 2 passed 99% 3.54 0.51 

Mn 5 
INAA(1), ICP-OES(3), 

ICP-MS 71 1 passed 2.31 0.27 

Na 5 
INAA(2), ICP-OES(2), 

AAS 77 0 passed 99% 3.92 0.45 

Ni 4 
ICP-OES, AAS, ICP-MS, 

DPCSV 60 2 passed 7.26 0.94 

Pb 4 
IDMS, AAS, ICP-MS, 

DPCSV 72 2 passed 99% 7.04 0.83 

Zn 8 
INAA(3), ICP-OES(3), 

AAS, DPCSV 125 1 passed 99% 2.62 0.23 
 
As the standard deviation (si) of all individual measurements (ni) and standard error (s.e.m) of all 
individual data were very low for many elements, the statistical tests seem to be rigid in some cases as 
can be seen by the low expanded uncertainties for some elements (Cr, Co, K) where only information 
values are given. 
5.3 Calculation of property value and the related uncertainty 
The recommended and information values are the unweighted means of the selected laboratory means.  

∑
=

=
Ln

L
L

L

x
n

x
1

1              (5) 
All individual results and a graphical presentation of their mean values together with the assigned 
property values and uncertainties are given in Appendix 4 
The uncertainty was calculated by combining the uncertainties deriving from the uncertainty of the 
characterization, with the uncertainty due to the heterogeneity (formula 2, 3). Depending on which 
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uncertainty value was more conservative either s2bb or u*bb was used for the combined uncertainty 
information. The uncertainty due to instability was not considered because no significant degradation 
could be detected.  

22
hom
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stabcharx uuuu ++=            (6) 
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The calculated uncertainty was expanded; the coverage factor was set at 2 to account for a 95% 
confidence interval. 
 
Table 4 Property values and uncertainty components (elemental contents are given in mg/kg dry 
material) 
 
Element  nL Property value uchar uhom U (k=2) U% R or I 
As 4 0.175 0.008 0.002 0.016 9.09 I 
Ca 6 2680 22.1 25.4 67.4 2.51 R 
Cd 3 0.0173 0.0006 0.0003 0.0014 8.23 I 
Co 7 3.33 0.06 0.01 0.12 3.67 I 
Cr 7 4.57 0.07 0.06 0.18 3.94 I 
Cu 6 23.2 0.58 0.65 1.74 7.51 R 
Fe 8 497 5.6 3.9 13.6 2.73 R 
K 5 8383 15.5 52.7 252.4 3.01 I 
Mg 4 2376 15.5 36.2 78.8 3.32 R 
Mn 5 67.5 0.4 0.7 1.5 2.29 R 
Na 5 680 11.2 2.6 23.0 3.38 R 
Ni 4 0.571 0.009 0.011 0.028 4.89 R 
Pb 4 0.574 0.006 0.008 0.019 3.30 R 
Zn 8 128 0.8 0.6 2.0 1.53 R 
 
Recommended property value was assigned if: 
• The analyte results passed the normality tests (at least to 99%); 
• The number of statistical outliers was below 5%; 
• The maximum expanded uncertainty U (k=2) was below the following limits: 
 

Concentration range [mg/kg] Maximum U% 
<0.1 20 
0.1-1 10 
1-25 8 
25-100 6 
>100 4 
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5.4 Traceability of results 
The property values assigned to the algae reference material are element mass fractions, expressed in the 
derived SI unit mg/kg. The utmost care was taken regarding the metrological traceability of the property 
values assigned to this reference material already at the planning phase and during the entire 
characterization process. Laboratories participating in the characterization campaign have been requested 
to carefully choose the calibrants and to provide the IAEA with all related information, including 
certificates. However, the selection of measurement methods and measurement procedures, as well as 
respective calibrants, was based on the decision of the participating laboratory. A consequence of the use 
of different calibrants is the fact that the metrological chain(s) for each of the assigned quantity values 
respectively (combined from number of results), cannot easily be described.  Therefore, the assigned 
property values – the element mass fractions – although expressed in the derived SI unit, are not intended 
for calibration purposes, and the reference material as such is not to be used as a calibrant. 
5.5 Intended Use 
This reference material is intended to be used for quality assurance purposes, basically as a quality 
control material for the measurement of the elemental composition of biological materials especially of 
biomonitors, for the assessment of a laboratory’s analytical work and for the validation of analytical 
methods. 
5.6 Instructions for use 
The recommended minimum sample size is 200 mg. The reported combined uncertainty was calculated 
for the mass indicated in the homogeneity study which sometimes is less than 200 mg. 
Before each sub-sampling, the bottle should be shaken thoroughly for 5 minutes to re-homogenize the 
sample.  
Analysts are reminded to take appropriate precautions to avoid contamination of the sample and the 
remaining material in the bottle. 
It is recommended to store the material after the opening of the bottle in a refrigerator (at 4 to 8°C) or 
dessicator. Exposure to sunlight should be avoided.  
Storage at room temperature and even temperatures up to 40°C did not show degradation of the originally 
sealed algae material.  
5.7 Dry weight determination 
All recommended and information values are expressed on a dry weight basis. Therefore the analytical 
results need to be corrected for the humidity content of the sample at the time of analysis.  
It is recommended to dry a separate sample of at least 500 mg for 4 hours at 80°C. If smaller sample 
intake masses are taken, or the drying procedure is modified, the uncertainty on the dry weight factor is 
increased and should be taken into account for the total uncertainty calculation. Indication of the 
magnitude of the dry mass uncertainties and their influence on the final results can be found in a related 
publication [10]. 
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List of abbreviations  
 
AAS   Atomic absorption spectrometry 
DPCSV  Differential pulse adsorptive cathodic stripping voltametry 
ET AAS  Electro thermal atomic absorption spectrometry 
HG AAS  Hydride-generation atomic absorption spectrometry 
HMDE  Hanging mercury drop electrode 
HDP   High pressure decomposition 
IAEA   International Atomic Energy Agency 
ICPMS  Inductively coupled plasma mass spectrometry 
IDMS  Isotope dilution mass spectrometry 
INAA  Instrumental Neutron Activation Analysis 
ICPOES  Inductively coupled plasma optical emission spectrometry 
ND   Non destructive 
PMW  Pressurized microwave  
PTFE   Teflon 
Stdev.  Standard deviation of the mean 
u   uncertainty 
U   Expanded uncertainty (coverage factor 2 for 95% probability) 
 

 
List of sample preparation codes 

 ND   Non destructive 
P1   PMW, HNO3 P2   PMW, HNO3, H2O2 P2HF   PMW, HNO3, H2O2, HF P3   PMW, HNO3, HClO4 P3HF   PMW, HNO3, HClO4, HF P4   open, HNO3, HClO4 P4HF   open, HNO3, HClO4, HF P6   HPD at 300°C, HNO3 P8   PTFE at 180°C, HNO3 P8HF   PTFE at 180°C, HNO3, HF P9   reflux, HNO3, HClO4 
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List of abbreviations in the equations and tables (number of equation and tables in 

brackets) if not explained in the text 
 

2
wbs    Variance within bottles (1) 

withinMS   Mean square (Anova) within bottles (1, 2, 3) 
2
bbs    Variance between bottles (2) 

amongMS   Mean square (Anova) between bottles (2) 
n   Number of observations (3) 
nb   Number of bottles (table1) 
0n    (Effective) number of (sub) group members (for complete data sets n=n0) (2, 3) 

nR   Number of replicates per bottle (table1) 
bbu *      Uncertainty between bottles (3) 
withinMSν   Degree of freedom of mean square within bottles (3) 

x    Mean of all laboratory means used for property value (5, 7) 
Lx    Laboratory mean of n bottles (5, 7) 
Ln    Number of laboratories contributing to the property values (5, 7) 
xu    Total uncertainty of property value (6) 
charu     Uncertainty due to characterization (6) 
homu    Uncertainty due to heterogeneity (6) 
stabu    Uncertainty due to (in)stability (6) 
s    Standard deviation (7) 
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Homogeneity data reported on the information sheet for the ‘Intercomparison 
Study on the Determination of Toxic and other Main and Trace Elements in Algae 
IAEA-390’ (SET of three samples).  
Homogeneity was tested on 10 randomly selected bottles covering the whole batch of each 
material. Two sub-samples from each of the ten bottles were analyzed. Homogeneity of 13 
elements has been measured and calculated.  Results obtained by instrumental neutron activation 
analysis (INAA), and/or inductively coupled plasma emission spectroscopy (ICPOES), and/or 
atomic absorption spectroscopy (AAS) were used.  Statistical evaluation of the analytical data for 
the homogeneity testing of these three materials was performed using a one-way variance 
analysis (single factor ANOVA) at the significance level of 0.05.  Standard deviation resulting 
from inhomogeneity of the samples was calculated as: 
shomogeneity = (s2between bottles - s2within bottles)1/2   
and expressed as a relative standard deviation according to the content of the tested measurand. 
Results are given in Table 1. 
 

Table 1: Homogeneity data for IAEA 392 expressed as relative standard deviations 
(%) for listed measurands in IAEA-390 algae Intercomparison set. Results based on the 
analyses of 100 mg sub-samples. 
 

MEASURAND IAEA-392 TECHNIQUE 
Br 1.7 INAA 
Co 0.5 INAA 
Cr 0.9 INAA 
Cu 3.5 ICPOES 
Fe 0.5 

1.7 
ICPOES 
INAA 

Mg 1.5 ICPOES 
Mn 1 ICPOES 
Mo 1.4 INAA 
Sb 6 INAA 
Zn 0.9  INAA 

AAS 
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List of participating laboratories and names of the main coordinators or analysts 
 
 
Laboratorio de Radioisotopos, Centro de Energia Nuclear na Agricultura  
Universidada de Sao Paulo 
Caixa Postal 96 
13400-970 Piracicaba 
S.P, Brazil 
Dr. E. de Nadai Fernandes 
 
KFZ Juelich, Abteilung IPC 
Postfach 1913 
D-52425 Jülich,  
Germany 
Dr. P. Ostapczuk 
 
Austrian Research Center Seibersdorf 
Hauptabteilung Umwelt-Analytik 
A-2444 Seibersdorf, Austria 
Mag. E. Benetka 
 
Interfacultair Reactor Instituut 
Mekelweg 15 
NL-2629 JB Delft,  
The Netherlands 
Dr. Peter Bode 
 
International Atomic Energy Agency 
Chemistry Unit, Agency's Laboratories 
A-2444 Seibersdorf, Austria 
Mr. M. Campbell, Mr. A. Toervenyi, Mr. M. Makarewicz,  Ms. E. Zeiller 
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Comparison of Chromium and Iron mean contents in IAEA 392 Algae, measured 
with the same analytical technique but dissolved with different procedures 
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IAEA 392,  Naturally Grown Algae

Laboratory means and information value for As 
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Laboratory means are reported for all techniques and laboratories used for the 
certification, they are the mean of all individual analysis performed in six bottles and 
reported with 95% confidence on their standard deviation 
Recommended values are reported with expanded uncertainty U (k=2) 
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IAEA 392,  Naturally Grown Algae
Laboratory means and information value for Cd 
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IAEA 392,  Naturally Grown Algae
Laboratory means and information value for Cr 
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IAEA 392,  Naturally Grown Algae
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IAEA 392,  Naturally Grown Algae
Laboratory means and recommended value for Fe
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IAEA 392,  Naturally Grown Algae
Laboratory means and information value for K 
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IAEA 392,  Naturally Grown Algae
Laboratory means and recommended value for Mg 
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IAEA 392,  Naturally Grown Algae
Laboratory means and recommended value for Mn 
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IAEA 392,  Naturally Grown Algae
Laboratory means and recommended value for Na 
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IAEA 392,  Naturally Grown Algae
Laboratory means and recommended value for Ni 
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IAEA 392,  Naturally Grown Algae
Laboratory means and recommended value for Pb
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IAEA 392,  Naturally Grown Algae

Laboratory means and recommended value for Zn
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Long term stability  
 
Table 1: Slope, intercept, uncertainties from the trend analysis (storage temperature 20oC) 
 

 Element n b1 sb1 b0  sb0 
critical value 
(95% conf.) 

significant 
trend  

Cr 10 0.0002 0.0002 4.34 0.10 0.0006 no 
Cu 10 0.0009 0.0019 22.31 0.78 0.0043 no 
Fe 11 -0.0309 0.0233 527.96 13.14 0.0527 no 
Pb 8 0.0008 0.0007 0.509 0.119 0.0017 no 
Ni 10 0.0000 0.0001 0.590 0.025 0.0001 no 
Co 10 0.0001 0.0003 3.31 0.13 0.0007 no 
Mn 10 0.0036 0.0074 68.13 3.08 0.0171 no 

 
The long term stability test was performed over nearly three years at four temperatures. Table one 
shows the trend analysis of 8 to 11 measurements (n) during the time interval for one bottle stored at 
room temperature (about 20oC ± 5oC). Five measurements were performed during the first 100 days, 
and then the measurement intervals were extended to approximately 6 months. 
For the calculation the equations of ISO Guide 35 [2] Chapter 8.3.1 were used. The critical value was 
calculated: 

Critical value = t 0.95,n-2 *sb1 
The trend would be significant if the slope (b1) was bigger than the critical value. Since the critical 
value was always higher, the trend is insignificant. As a consequence it may be stated that no 
instability was observed. 
The same was done for samples stored at + 40oC, +4oC and -20oC. None of the samples showed a 
trend toward sample degradation. Figure A1 showed that the mean value and standard deviation of the 
measurement results for all elements is comparable for all storage conditions. For the graph, the mean 
value at 20oC was used for normalization. 
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Figure A1: Normalized results and standard deviations of the long term storage experiment for IAEA-
392 Algae 
 
 
 
 




