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SUMMARY 

 

The results of the IAEA-437 intercomparison exercise, designed to determine anthropogenic 

and natural radionuclides in a mussel sample from the Mediterranean Sea, are reported. The 

data received from 24 laboratories were evaluated. 

 

The following are the recommended and information values (medians), with confidence 

intervals, for the radionuclides determined in the study. All the values are given for the 

reference date 1
st
 November 2003 and expressed in Bq kg

-1
 dry weight. 

 

 

   
Radionuclide Median Confidence interval 

  (α = 0.05) 

   

   

 Recommended value  
 

  
40
K

 
381 352 – 405 

239+240
Pu 0.0076 0.0071 – 0.0087 

   

 Information value  

   
137
Cs 0.18 0.07 – 0.31 

210
Pb(

210
Po)

 
7.5 4.9 – 9.0 

226
Ra 0.28 0.11 – 0.31 

228
Th 0.80 0.31 – 1.04 

232
Th 0.089 0.076 – 0.156 

234
U 2.30 2.11 – 2.50 

235
U  0.079 0.031 – 0.122 

238
U

 
1.90 1.73 – 2.02 

241
Am* 0.006 0.004 – 0.022 

   
 

* The values should be corrected for in-growth from 241Pu. 
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1. INTRODUCTION 

The accurate and precise determinations of radionuclide concentrations in marine 

samples are essential to marine radioactivity assessments and the use of radionuclides in 

studies of oceanographic processes. To address the problem of data quality, and to assist 

Member States in verifying the performance of their laboratories, the IAEA Marine 

Environment Laboratory (IAEA-MEL) in Monaco has conducted intercomparison exercises 

on radionuclides in marine samples for many years as part of its contribution to the IAEA's 

programme of Analytical Quality Control Services (AQCS) [1-2], now named as IAEA’s 

programme of Reference Materials. 

 This report describes the results obtained from 24 laboratories on anthropogenic and 

natural radionuclide determinations in a Mediterranean Sea mussel. 

 

2. SCOPE OF THE INTERCOMPARISON EXERCISE 

This intercomparison exercise was organised to give the participating laboratories the 

possibility of testing the performance of their analytical methods on a marine biota sample 

with low radionuclide levels such as mussel. They were collected from the Mediterranean Sea 

in the framework of the CIESM (Commission Internationale pour l'Exploration Scientifique 

de la Mer Mediterranée) Mediterranean Mussel Watch Program, as mussels are commonly 

found and consumed seafood, and are widely used as bio-indicators in marine pollution 

studies.  

The intercomparison material was chosen for the analysis of anthropogenic and 

natural radionuclides. Participating laboratories were requested to determine as many 

radionuclides as possible by gamma spectrometry and any possible transuranium 

radionuclides and other radionuclides requiring radiochemical separation and alpha or beta 

counting, as well as ICPMS, AMS and TIMS analyses. 

 It was expected that the sample, after successful certification, could be issued as a 

reference material for radionuclides in marine mussel. 

 

3. DESCRIPTION OF THE MATERIAL 

About 1080 kg of mussel (Mytilus galloprovincialis species) were collected in Anse 

de Carteau, Port Saint Louis du Rhône (43
o
20’S, 5

o
10’E), France by the Institut de 

Radioprotection et de Sûreté Nucléaire (IRSN, France) in June 2003. The shells were 

removed and the fresh soft parts (145 kg) and internal fluids (505 kg) were separated from the 

raw mussels.  

The sample was reduced by freeze-drying to about 60 kg, finely ground to a powder, 

sieved at 200 µm, homogenised in a nitrogen atmosphere. The samples were aliquoted in 200 

g, then bottled in brown glass flasks under nitrogen gas. The bottles were sealed with 

polyethylene screw caps and labeled with the code IAEA-437. They were then sterilized at 10 

kGy in an irradiation facility in accordance with ISO recommendations [3]. 

 The average moisture content of the freeze-dried sample after bottling, determined by 

drying several aliquots in an oven at 80 ºC to constant weight (1-2 days), was approximately 

2.5%. Since moisture content can vary with ambient humidity and temperature, it was 

recommended to check the water content prior to analysis and to report all results on a dry-

weight basis. 
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4. HOMOGENEITY TESTS 

 The homogeneity of the sample was checked by measuring the activities of 
40
K, 

137
Cs, 

235
U, 

238
U,

 239+240
Pu and 

241
Am on 5-17 bottles taken at random. Gamma-spectrometric 

measurements were performed on 100 g of mussel. 
235
U, 

238
U, 

239+240
Pu and 

241
Am were 

determined by ICPMS and alpha spectrometry on 0.5 to 100 g of mussel, respectively. An 

example of homogeneity test for 
137
Cs expressed as relative activity is shown in Annex II, 

Fig. 1. Homogeneity was determined using one-way analysis of variance. The coefficient of 

variation was below 15% both for gamma and for alpha-spectrometrically determined 

radionuclides (with activity concentration less than 1 Bq kg
-1
). The "between samples" 

variances showed no significant differences from the "within sample" variances for all 

radionuclides tested. The material was thus considered sufficiently homogeneous for the 

tested radionuclides at the range of weights used. 
 
 

5. SAMPLE DISPATCH AND DATA RETURN 

 Each participant received a 200 g mussel sample. For each radionuclide analysed, the 

following information was requested: 

 

- Average weight of sample used for analysis, 

- Number of analyses, 

- Massic activity calculated as net values (i.e. corrected for blank, background, etc.) and 

expressed in Bq kg
-1
 dry weight, 

- Estimate of the total uncertainty (counting and other uncertainties), 

- Description of radiochemical procedure and counting equipment, 

- Standards used for calibration, 

- Chemical recoveries, counting time, decay corrections. 

 

Participants were informed that the expected activities for anthropogenic and natural 

radionuclides were low and in the ranges (Bq kg
-1
 dry weight): 

 

gamma emitters  : 1-500  

beta emitters  :  0.1-1 

transuranics  :  0.01-0.3 

 

The reference date for reporting activities was 1
st
 November 2003. 

 

 The samples were distributed to 35 laboratories in November 2004. The deadline for 

reporting data was set for 30 June 2005. Because of the low levels of radionuclides on the 

sample, the deadline was extended to March 2006. A reminder was sent to the late reported 

participants in the list established by CIESM Mediterranean Mussel Watch Program. Requests 

for more information on chemical procedures, counting systems, standards, units etc., were 

also sent to participants who did not provide enough information on time. 

 

 A total of 24 sets of results were received from participants and are included in this 

evaluation. The list of reported radionuclides is given in Table I. The list of contributing 

laboratories can be found in Annex IV. 
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6. EVALUATION OF RESULTS 

6.1. DATA TREATMENT 

 The list of reported radionuclides with the number of reporting laboratories for each 

radionuclide is given in Annex I, Table I. The number of reported "less than" values are 

shown in parentheses. The massic activities of anthropogenic and natural radionuclides are 

reported. Laboratory means were calculated when necessary from individual results and are 

given as weighted means with weighted uncertainties. All values were rounded off to the most 

significant figure.  
 

6.2. STATISTICAL EVALUATION  

 The principles and applications of the statistical procedure used for the evaluation of 

data have been described in previous reports [4-7]. The "less than" values are segregated from 

the results and the remaining values are checked for the presence of outliers using a box and 

whisker plot test. Outliers are identified in the tables by an asterisk. Median values are 

calculated from all results passing the test. Calculations are based on the assumption of non-

parametric distribution of data to which distribution-free statistics are applicable. These 

values are considered to be the most reliable estimates of the true values. 

 The results for the most frequently measured radionuclides are found in Annex I, 

Tables II to XII and Figs 2 to 12. The less frequently measured radionuclides are presented in 

Table XIII. The recommended and information values obtained after statistical treatment of 

data are summarised in Table XIV. Confidence intervals were taken from a non-parametric 

sample population. They represent a two-sided interval representing 95% confidence limits. 

 Following the IUPAC [8] and ISO [9] recommendations for assessment of laboratory 

performance, the Z-score methodology was used for the evaluation of results. The Z-score is 

calculated according to the formula:  

 

 Z = (Xi – Xa) /Sb, 

 

where 

 

Xi is the robust mean of the reported values of massic activity in the sample, 

Xa is the assigned value (a mean value of accepted results), 

Sb is the target standard deviation. 

 

The performance of a laboratory is considered to be acceptable if the difference 

between the robust mean of the laboratory and the assigned value (in sb units) is less than or 

equal to 2. The analysis is regarded as outliers when Z>3. The Z-score evaluation 
represents a simple method which gives participating laboratories a normalized performance 

score for bias. 

 

 The selection of the right target value depends on the objectives of the exercise. For 

radionuclide analysis, laboratories are required to have a relative bias below 20% (sb <10%). 

The uncertainty of the assigned value should be taken into account using the formula: 

 

Z = (Xi – Xa) /
tu

S
b

S
22

+  

where 
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stu is the uncertainty of the assigned value [10]. 

 

 Z-score graphs are given in Annex III, Figs 13 to 23. 

 

6.3. EXPLANATION OF TABLES 

6.3.1. Laboratory code 

 Each laboratory was assigned an individual code number to ensure anonymity. 

 

6.3.2. Method code 

 The analytical techniques employed by participants are specified with following 

codes: 

 

Alpha spectrometry 

Code Method 

A Treatment, evaporation/precipitation, ion exchange, electro-deposition follow 

by alpha spectrometry. 

 

Beta counting 

Code Method 

B Precipitation (oxalate, hydroxide), scavenging, beta counting of Y oxalate 

follow by beta counting. 

 

Gamma spectrometry 

Code Method 

G High resolution Ge spectrometry 

 

Mass spectrometry 

Code Method 

ICPMS Treatment, ion exchange, electro-deposition, leaching, ICPMS. 

 

Other methods 

Code Method 

NAA Neutron Activation Analysis. 

GM Low background gas-flow GM counter 

LSC Liquid Scintillation Counter 
 

6.3.3. Number of results 

 The number of determinations corresponds to the number of individual results from 

which the laboratory mean was calculated. When no number was given, it was assumed to be 

one.  
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6.3.4. Massic activity 

 The massic activity corresponds to the weighted mean computed from all results 

obtained from each participant and the corresponding standard deviation or weighted 

uncertainty.  
 

6.4. EXPLANATION OF FIGURES 

 Figures 2 to 12 in Annex II present the tabulated data with the corresponding standard 

deviation or weighted uncertainty in order of ascending massic activity. Also shown are: 

 

(i) the distribution medians (solid lines) and corresponding confidence intervals (dashed 

horizontal lines), 

(ii) the limits for accepted laboratory means (vertical dashed lines). 

 

 The performance of laboratories in terms of accuracy was expressed by Z-scores, 

which were calculated for each radionuclide. Performance is considered satisfactory if the Z-

score is equal to or less than 2. A Z-score from 2 to 3 indicates that the results are of 

questionable quality. Figures 13 to 23 in Annex III present the Z-scores for accepted values 

only. The presented distributions of Z-scores are symmetric which indicates that the overall 

performance of the laboratories was satisfactory.  
 

6.5. CRITERIA FOR CERTIFICATION 

Following the ISO Guide 35 [3], a preliminary certification of IAEA-437 was carried 

out using the same criteria as in the previous intercomparison exercises [3-6]. The 

certification will be completed when data from expert laboratories participating in the 

certification procedure are available. For data sets comprising 5 or more accepted laboratory 

means, median values and confidence intervals (95% significance level) were calculated as 

estimations of true massic activities. The median values of the data within the confidence 

interval were considered as the recommended values when: 

 

1. At least 5 laboratory means were available, calculated from at least 3 different 

laboratories. 

2. The relative uncertainty of the median did not exceed ± 5% for activities higher than 

100 Bq kg
-1
, ± 10% for activities from 1-100 Bq kg

-1
 and ± 20% for activities lower 

than 1 Bq kg
-1
. 

 

 An activity value was classified as an information value when at least 5 laboratory 

means calculated from the results of at least 2 different laboratories were available. 

 
 

7. RESULTS AND DISCUSSION 

7.1. ANTHROPOGENIC RADIONUCLIDES 

 Results of analysis of 
137
Cs, 

239+240
Pu, 

241
Am data in IAEA-437 mussel samples 

reported by participants are presented in Annex I, Tables III, XI and XII and in Annex II, Figs 

3, 11 and 12, respectively. The performance of laboratories expressed by Z-scores is 

presented in Annex III, Figs 14, 22 and 23. 
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7.1.1. 137
Cs 

 Nine laboratories reported 
137
Cs results (Table III, Fig. 3). The laboratories mainly 

used direct gamma spectrometry for 
137
Cs analysis. Three results were identified as outliers. 

The rest of the data is homogenous within two standard deviations of the distribution mean. 

Z-score values are below 1.5, showing good performance by the laboratories (Fig. 14). The 

median, given as the information value, is 0.18 Bq kg
-1
 dw (95% confidence interval is (0.07 

– 0.31) Bq kg
-1
 dw). 

 

7.1.2. Plutonium isotopes 

 The majority of participants used the conventional method based on sample treatment, 

ion-exchange separation followed by electro-deposition and alpha spectrometry. Some 

laboratories combined ion-exchange separation with liquid-liquid extraction or used only 

liquid-liquid extraction. Resins (a single TRU column or double UTEVA + TRU columns) for 

separation and subsequent electro-deposition and alpha spectrometry (
238
Pu, 

239+240
Pu) or for 

direct ICPMS analysis (
239
Pu, 

240
Pu) were also used. The samples for mass spectrometry were 

either leached from stainless steel discs after alpha spectrometry measurements or analysed 

directly by ICPMS. Generally, good agreement was found between alpha spectrometry and 

mass spectrometry results. 
 
238
Pu 

 

 Due to the very low activity concentration of this radionuclide, 5 of 7 laboratories 

reported their LLD (Lower Limit Detection). Two other laboratories reported the values of 

0.49 ±0.15 and 0.70±0.08 mBq kg
-1
 dw (Table XIII). 

 

239
Pu 

 

Only one laboratory reported the value of 4.5±0.5 mBq kg
-1
 dw (Table XIII) determined 

by ICPMS.  
 

240
Pu 

One laboratory reported the value of 3.2±0.4 mBq kg
-1
 dw (Table XIII) determined by 

ICPMS. 

 
239+240

Pu 
 

 Ten data sets (alpha spectrometry and ICPMS results) were reported (Table XI, Fig. 

11). Only one result was identified as outlier. The rest of the data is homogeneous, within two 

standard deviations of the distribution mean. Z-score values are below 1.7 showing good 

performance of the laboratories (Fig. 22). The median, given as the recommended value is 7.6 

mBq kg
-1
 dw (95% confidence interval is (7.1 – 8.7) mBq kg

-1
 dw). 

 

7.1.3. 241
Am 

 Nine results obtained by alpha spectrometry after chemical treatment were reported of 

which 7 were suitable for statistical treatment (Table XII, Fig. 12). The data is relatively 

homogeneous, within two standard deviations of the distribution mean. The Z-score values 

are shown for the combined data and are below 1.5 (Fig. 23), showing good performance by 

the laboratories. The median, given as the information value, is 6 mBq kg
-1
 dw (95% 

confidence interval is (4 – 22) mBq kg
-1
 dw). 
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7.2. NATURAL RADIONUCLIDES 

 Results of analysis of 
40
K, 

210
Pb(

210
Po), 

226
Ra(

214
Pb,

214
Bi), 

228
Th(

212
Pb,

208
Tl), 

232
Th, 

234
U, 

235
U, 

238
U(

234
Th) are presented in Annex I, Tables II, IV to X and in Annex II, Figs 2, 4 

to 10. The performances of laboratories expressed in Z-scores are presented in Annex III, Figs 

13, 15 to 21. 

 

7.2.1. 40
K 

 Data were reported from 17 laboratories (Table II, Fig. 2). Two results did not pass the 

outliers test indicating that these laboratories might have problem with the correct estimation 

of 
40
K background. The remaining data show reasonable homogeneity. Z-score values of 

accepted data are below 2.0, showing good performance by the laboratories (Fig. 13). The 

median, given as the recommended value, is 381 Bq kg
-1
 dw (95% confidence interval is (352 

– 405) Bq kg
-1
 dw). 

 

7.2.2. 210
Pb(

210
Po) 

 Data were reported from 16 laboratories (Table IV, Fig. 4). Both non-destructive 

gamma spectrometry and alpha spectrometry techniques were used. Fig.4a shows the results 

obtained by gamma (for 
210
Pb) and alpha spectrometry (for 

210
Po). The Fig. 4b shows 

separately results obtained by two these different methods. Two results did not pass the 

outliers test. The remaining data show reasonable homogeneity. Z-score values of accepted 

data are below 1.9, showing good performance by the laboratories (Fig. 15). The median, 

given as the information value, is 7.5 Bq kg
-1
 dw (95% confidence interval is (4.9 – 9.0) Bq 

kg
-1
 dw). 

 

7.2.3. Radium isotopes 

226
Ra(

214
Pb, 

214
Bi) 

 

 
226
Ra is reported together with their daughters 

214
Pb and 

214
Bi. Seven laboratory means 

(5 accepted, 2 outliers) mainly obtained by gamma spectrometry were reported (Table V, Fig. 

5). Several laboratories overestimated the 
226
Ra concentrations due to improper calibration, 

background estimation or possible 
235
U interference in the gamma spectra at 186 keV energy. 

The Z-score values of accepted data (Fig. 16) are below 1.7 showing good performance by the 

laboratories. The median given as the information value is 0.28 Bq kg
-1
 dw (95% confidence 

interval is (0.11 – 0.31) Bq kg
-1
 dw). 

 
228
Ra 

 

 This element is reported in the Table XIII as less frequently radionuclides. Of 4 

reported values, two are under LLD, two other values are 1.74±0.92 and 1.4±0.4 Bq kg
-1
 dw. 

 

7.2.4. Thorium isotopes
 
 

228
Th(

212
Pb,

208
Tl) 

 

 
228
Th is reported together with their daughters 

212
Pb and 

208
Tl. Out of 9 reported 

laboratory means, 3 did not pass the outliers test (Table VI, Fig. 6). The data were 

homogeneous within two standard deviations of the distribution mean. The Z-score values 

(Fig. 17) are below 2.0 showing good performance by the laboratories. The median, given as 
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the information value is 0.80 Bq kg
-1
 dw (95% confidence interval is (0.31 – 1.04) Bq kg

-1
 

dw). 

 
232
Th 

 

 Out of 8 reported laboratory means, 1 result did not pass the outliers test (Table VII, 

Fig. 7). Most of them were determined by alpha spectrometry. Two laboratories used ICPMS 

for their activity determination. The rest of the data were homogeneous within two standard 

deviations of the distribution mean. The Z-score values (Fig. 18) are below 2.0 showing good 

performance by the laboratories. The median, given as the information value is 0.089 Bq kg
-1
 

dw (95% confidence interval is (0.076 – 0.156) Bq kg
-1
 dw). 

 

7.2.5. Uranium isotopes 

234
U 

 Nine laboratories reported mean values (Table VIII, Fig. 8) using alpha spectrometry 

and seven of them were accepted for statistic treatment. The data were homogeneous within 

two standard deviations of the distribution mean. The Z-score values (Fig. 19) are below 2.0 

showing good performance by the laboratories. The median, given as the information value is 

2.30 Bq kg
-1
 dw (95% confidence interval is (2.11 – 2.50) Bq kg

-1
 dw). 

 
235
U 

 

Of 9 results reported using gamma and alpha spectrometry, 7 were accepted for statistic 

treatment (Table IX, Fig. 9). Two laboratories reported outliers values determined by gamma 

spectrometry, due principally to the interference of 
226
Ra in the energy peak 186 keV of the 

spectrum. The Z-score values (Fig. 20) were below 1.8 indicating good performance by the 

laboratories. The median given as the information value is 0.08 Bq kg
-1
 dw (95% confidence 

interval is (0.03 – 0.12) Bq kg
-1
 dw). 

 
238
U(

234
Th) 

 

 
234
Th is reported together with 

238
U (considered to be equilibrium in the uranium 

series decay). Fifteen results were reported (Table X, Fig. 10), most were obtained by alpha 

spectrometry. Two laboratories using gamma spectrometry reported results that failed the 

outliers test. Two other laboratories reported accepted values (in the 95% confidence interval 

range) using the ICPMS technique. The data obtained by gamma spectrometry were not 

accepted, indicating that these laboratories have some difficulties with gamma spectrometry 

measurements in the low energy region. The Z-score values (Fig. 21) are below 2.0, showing 

good performance by the laboratories. The median given as the information value is 1.90 Bq 

kg
-1
 dw (95% confidence interval is (1.73 – 2.02 Bq kg

-1
 dw). 

 

7.3. LESS FREQUENTLY REPORTED RADIONUCLIDES 

 Results for the less frequently reported radionuclides are given in Table XIII. 

 
90
Sr 

 Three laboratories reported results for 
90
Sr, of which two reported values above 

detection limits, ranging from 0.027 to 0.17 Bq kg
-1
 dw. 
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129
I 

 Two laboratories reported 
129
I results, determined by AMS and nuclear activation 

technique. The values range from 7.3 to 8.0 mBq kg
-1
 dw.  

 
228
Ra 

 Four laboratories reported 
228
Ra values determined by gamma spectrometry, of which 

two reported values above detection limits, ranging from 1.4 to 1.74 Bq kg
-1
 dw. Two 

other laboratories reported detection limits only. 
 

228
Ac 

 One laboratory reported 
228
Ac value obtained by gamma spectrometry (1.81±0.25 Bq 

kg
-1
 dw).  

 
230
Th 

 Three laboratories reported results ranging from 0.15 to 0.54 Bq kg
-1
 dw for 

230
Th, all 

determined by alpha spectrometry.  

 
238
Pu 

 Seven laboratories reported 
238
Pu results obtained by alpha spectrometry, of which 

only two laboratories reported values above detection limits, ranging from 0.49 to 0.7 

mBq kg
-1
 dw.   

 
239
Pu 

 One result obtained by ICPMS for 
239
Pu was reported (4.5 ±0.5 mBq kg

-1
 dw).  

 
240
Pu 

 One result obtained by ICPMS for 
240
Pu was reported (3.2 ±0.4 mBq kg

-1
 dw). 

 
240
Pu/

239
Pu 

One laboratory reported 
240
Pu/

239
Pu atomic ratio determined by ICPMS (0.194±0.011). 

 
 

8. CONCLUSIONS 

 

 In the framework with CIESM Mediterranean Mussel Watch program, this 

intercomparison exercise on Mediterranean mussel (IAEA-437) was originally designed for 

Mediterranean region laboratories. Later, the laboratories from other countries were contacted 

and asked to participate in this exercise. Data on natural and anthropogenic radionuclide 

concentration measurements were reported by 24 laboratories. The median activities for the 

sets of accepted values were chosen as the most reliable estimates of the true values and were 

given as recommended and information values. A summary of these values with confidence 

intervals for the most frequently reported anthropogenic and natural radionuclides is given in 

Table XIV. 

 The certification procedure for IAEA-437 will be completed when analyses from 

expert laboratories are evaluated and published following ISO standards. 
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TABLE I.  RADIONUCLIDES REPORTED FOR IAEA-437 

 

Radionuclide Number of results reported Radionuclide Number of results reported 

40K 60 
232Th 21 

90Sr 9(1) 234U 23 
129I 4 235U 25 

137Cs 42(4) 238U; 234Th 49 
210Pb; 210Po 45 238Pu 19(10) 

226Ra, 214Pb, 214Bi  28(1) 239Pu 5 
228Ra 10(5) 240Pu 5 
228Ac 4 239+240Pu 28(1) 

228Th; 208Tl; 212Pb  25 241Am 23 
230Th 9   

    

 "Less than" values are shown in parenthesis. 

 
 
 
TABLE II.  RESULTS FOR 40K IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 40K 
code code results (g) (Bq kg-1dw) 
       

       

1 G 1 8 195 ± 10* 
2 G 1 40 319 ± 22 
3 G 3 42 413 ± 11 
7 G 2 60 377 ± 21 
9 G 3 42 452 ± 28 
10 G 7 46 333 ± 12 
11 G 1 107 386 ± 28 
13 G 3 156 381 ± 18 
14 G 4 107 375 ± 41 
15 G 1 169 405 ± 80 
16 G 4 199 461 ± 5 
17 G 3 200 550 ± 37* 
18 G 2 68;70 360 ± 21 
20 G 2 1.4;126 340 ± 31 
21 G 2 200 389 ± 20 
22 G 4 150 352 ± 9 
23 G 17 100 392 ± 5 
       

  
Number of reported laboratory means 17 

Number of accepted laboratory means 15 

Median 381 

Confidence interval (α = 0.05) 352-405 

  

 
* Outlier values 
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TABLE III.  RESULTS FOR 137Cs IN IAEA-437. 
(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 137Cs 
code code results (g) (Bq kg-1dw) 
       

       

2 G 1 25 5.032 ± 0.864* 
3 G 3 40 0.75 ± 0.31* 
9 G 2 42 0.31 ± 0.14 
10 G 3 38-45 0.11 ± 0.02 
14 G 3 107 0.28 ± 0.01 
17 G 3 200 1.5 ± 0.5* 
18 GM 2 50 <0.38   
18 G 2 68;70 <1.0   
21 G 2 200 0.23 ± 0.04 
22 G 4 150 0.14 ± 0.01 
23 G 17 100 0.073 ± 0.011 
       

  
Number of reported laboratory means 9 

Number of accepted laboratory means 6 

Median 0.18 

Confidence interval (α = 0.05) 0.07-0.31 

  

* Outlier values 
 
TABLE IV.  RESULTS FOR 210Pb(Po) IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 210Pb(Po) 
code code results (g) (Bq kg-1dw) 
       

       

1 A 3 5-10 6.4 ± 0.6 
5 A 4 10-11 8.97 ± 0.45 
6 A 2 0.3;0.4 13.2 ± 0.3 
7 A 1 1 12.2 ± 1.1 
9 A 2 2 15 ± 1 
12 A 4 1 9.0 ± 0.6 
15 A 1 10 128 ± 30* 
18 A 2 2 8.4 ± 0.9 
21 A 1 1 190 ± 30* 
23 A 3 0.3 4.9 ± 0.3 

10(Pb) G 7 38-45 4.2 ± 0.4 
15(Pb) G 1 35 3.1 ± 3.0 
18(Pb) G 2 5 4.9 ± 3.5 
22(Pb) G 1 150 6.7 ± 0.2 
5(Pb) G 4 10-11 4 ± 1 
7(Pb) G 7 1 9 ± 1 

       

  
Number of reported laboratory means 16 

Number of accepted laboratory means 14 

Median 7.5 

Confidence interval (α = 0.05) 4.9-9.0 

* Outlier values 
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TABLE V.  RESULTS FOR 226Ra (214Pb, 214Bi) IN IAEA-437. 
(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 226Ra (214Pb, 214Bi) 
code code results (g) (Bq kg-1dw) 
       

       

2 G 3 25 861 ± 2* 
16 G 4 199 6.8 ± 2.4* 
18 G 2 5 <0.01   
20 G 4 4.7-10 0.31 ± 0.02 
21 G 4 200 0.11 ± 0.02 
22 G 4 150 0.30 ± 0.02 
23 G 2 100 0.25 ± 0.02 
23 G 5 60 0.28 ± 0.02 
       

  
Number of reported laboratory means 7 

Number of accepted laboratory means 5 

Median 0.28 

Confidence interval (α = 0.05) 0.11-0.31 

  

 
* Outlier values 
 
 
 
TABLE VI.  RESULTS FOR 228Th (212Pb, 208Tl) IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 228Th (212Pb, 208Tl) 
code code results (g) (Bq kg-1dw) 
       

       

2(Pb) G 1 25 7.2 ± 7.75* 
3 A 1 40 73.52 ± 6.03* 
7 A 1 5 1.04 ± 0.11 
9 G 1 15 0.31 ± 0.06 
16 G 7 199 2.04 ± 0.31* 
21 G 2 200 0.8 ± 0.3 

22(Tl) G 4 150 0.79 ± 0.04 
22(Pb) G 4 150 0.71 ± 0.03 
23 A 4 15 0.88 ± 0.01 
       

  
Number of reported laboratory means 9 

Number of accepted laboratory means 6 

Median 0.80 

Confidence interval (α = 0.05) 0.31-1.04 

  

 
* Outlier values 
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TABLE VII.  RESULTS FOR 232Th IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 232Th 
code code results (g) (Bq kg-1dw) 
       

       

7 A 1 5 0.152 ± 0.036 
9 A 1 15 0.079 ± 0.030 
14 G 3 107.5 1.5 ± 0.5* 
18 ICPMS 2 5.13;5.04 0.086 ± 0.005 
18 A 2 5 0.100 ± 0.026 
20 A 2 4.8 0.076 ± 0.016 
23 A 5 100 0.156 ± 0.003 
23 ICPMS 5 0.5 0.089 ± 0.003 
       

  
Number of reported laboratory means 8 

Number of accepted laboratory means 7 

Median 0.089 

Confidence interval (α = 0.05) 0.076-0.156 

  

 
* Outlier values 
 
 
TABLE VIII.  RESULTS FOR 234U IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 234U 
code code results (g) (Bq kg-1dw) 
       

       

1 A 2 7.7;10 2.11 ± 0.15 
3 A 1 10 2.44 ± 0.51 
5 A 4 10 2.42 ± 0.21 
7 A 1 3 2.26 ± 0.29 
9 A 2 5 2.5 ± 0.5 
18 A 2 5 2.2 ± 0.2 
20 A 4 4.8-10.2 3.06 ± 0.07* 
21 A 2 3 2.3 ± 0.2 
23 A 5 100 1.25 ± 0.03* 
       

  
Number of reported laboratory means 9 

Number of accepted laboratory means 7 

Median 2.30 

Confidence interval (α = 0.05) 2.11-2.50 

  

 
* Outlier values 
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TABLE IX.  RESULTS FOR 235U IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 235U 
code code results (g) (Bq kg-1dw) 
       

       

1 A 2 7.7;10 0.072 ± 0.024 
5 A 4 10 0.079 ± 0.023 
7 A 1 3 0.094 ± 0.032 
9 A 2 5 0.095 ± 0.014 
16 G 1 199 3.1 ± 3.9* 
18 A 2 5 0.063 ± 0.024 
20 A 4 4.8-10.2 0.122 ± 0.010 
22 G 4 150 0.64 ± 0.06* 
23 A 5 100 0.032 ± 0.004 
       

  
Number of reported laboratory means 9 

Number of accepted laboratory means 7 

Median 0.079 

Confidence interval (α = 0.05) 0.031-0.122 

  

 
* Outlier values 
 
 
TABLE X.  RESULTS FOR 238U(234Th) IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 238U(234Th) 
code code results (g) (Bq kg-1dw) 
       

       

1 A 2 7.7;10 1.76 ± 0.14 
3 A 1 10 1.92 ± 0.44 
5 A 4 10 2.13 ± 0.18 
7 A 1 3 1.73 ± 0.24 
9 A 2 5 2.0 ± 0.1 
10 G 8 13-45 2.39 ± 0.32 
14 G 4 107.5 3.21 ± 0.42* 
16 G 2 199 6.57 ± 6.06* 
18 ICPMS 2 5.13;5.04 1.50 ± 0.04 
18 A 2 5 1.70 ± 0.14 
20 A 4 4.8-10.2 2.66 ± 0.06* 
21 A 2 3 1.9 ± 0.2 
22 G 4 150 1.83 ± 0.07 
23 A 5 100 1.06 ± 0.02* 
23 ICPMS 6 0.5 2.02 ± 0.06 
       

  
Number of reported laboratory means 15 

Number of accepted laboratory means 11 

Median 1.90 

Confidence interval (α = 0.05) 1.73-2.02 

* Outlier values 
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TABLE XI.  RESULTS FOR 239+240Pu  IN IAEA-437. 
(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 239+240Pu 
code code results (g) (Bq kg-1dw) 
       

       

1 A 2 7.2; 7.7 <0.03   
5 A 4 190 0.0087 ± 0.0009 
7 A 1 15 0.0071 ± 0.0013 
8 A 1 9.88 0.008 ± 0.005 
9 A 2 15 0.009 ± 0.003 
10 A 1 3 0.0076 ± 0.0009 
13 A 2 5 0.0151 ± 0.0053* 
18 A 2 50 0.0076 ± 0.0023 
19 A 3 ~4.5 0.007 ± 0.002 
23 A 5 100 0.0075 ± 0.0004 
23 ICPMS 5 0.5 0.0077 ± 0.0007 
       

  
Number of reported laboratory means 10 

Number of accepted laboratory means 9 

Median 0.0076 

Confidence interval (α = 0.05) 0.0071-0.0087 

  

 
* Outlier values 
 
 
TABLE XII.  RESULTS FOR 241Am IN IAEA-437. 

(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 
 

       
Lab.  Method No. of Weight 241Am 
code code results (g) (Bq kg-1dw) 
       

       

5 A 4 190-192 0.004 ± 0.001 
7 A 1 5 0.186 ± 0.026* 
8 A 4 ~10 0.022 ± 0.005 
9 A 1 15 0.02 ± 0.01 
10 A 1 37.5 0.004 ± 0.001 
13 A 2 ~55 0.006 ± 0.003 
18 A 2 50 0.008 ± 0.004 
19 A 3 ~4.5 0.034 ± 0.009* 
23 A 5 100 0.006 ± 0.001 
       

  
Number of reported laboratory means 9 

Number of accepted laboratory means 7 

Median 0.006 

Confidence interval (α = 0.05) 0.004 -0.022 

  

 
* Outlier values 
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TABLE XIII.  RESULTS FOR THE LESS FREQUENTLY REPORTED RADIONUCLIDES IN IAEA-437. 
(Reference date: 1 November 2003, unit: Bq kg-1 dry weight) 

 

      
Isotope Lab. Method No. of Weight Activity  

 code code results (g) (Bq kg-1dw) 
        

        
90Sr  17 B 2 54.65 <0.04   
- 18 B 2 14.1 0.17 ± 0.26 
- 23 B 5 100 0.027 ± 0.003 
        

129I 4 AMS 1 34.71 0.00073 ± 0.00010 
- 4 AMS 1 33.69 0.00077 ± 0.00010 
- 18 NAA 2 15 0.0008 ± 0.0012 
        

228Ra 3 G 3 40-43 <0.87   
- 7 G 2 60 <1.79   
- 16 G 3 199 1.74 ± 0.92 
- 21 G 2 200 1.4 ± 0.4 
        

228Ac 22 G 4 150 1.81 ± 0.25 
        

230Th 7 A 1 5 0.54 ± 0.07 
- 9 A 1 15 0.16 ± 0.04 
- 18 A 2 5 0.15 ± 0.03 
- 23 A 5 100 0.15 ± 0.01 
        

238Pu 1 A 2 7.2;7.7 <0.03   
- 5 A 4 190 0.00049 ± 0.00015 
- 8 A 3 ~10 <0.002   
- 10 A 1 37.8 <0.0006   
- 13 A 2 55 <0.024   
- 18 A 2 50 <0.001   
- 23 A 5 100 0.00070 ± 0.00008 
        

239Pu 23 ICPMS 5 0.5 0.0045 ± 0.0005 
        

240Pu 23 ICPMS 5 0.5 0.0032 ± 0.0004 
        

240Pu/239Pu (atom ratio) 23 ICPMS 5 0.5 0.194 ± 0.011 
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TABLE XIV.  SUMMARY OF RECOMMENDED AND INFORMATION VALUES FOR IAEA-437 
  (Reference date : 1 November 2003, unit: Bq kg-1 dry weight) 
 

    

Radionuclide Median Confidence interval Number of mean 

 (Bq kg-1dw) (α = 0.05) values* 

    

    

 Recommended value   
    

40K 381 352 – 405 15 
239+240Pu 0.0076 0.0071 – 0.0087 9 

    

 Information value   

    
137Cs 0.18 0.07 – 0.31 6 

210Pb(210Po) 7.5 4.9 – 9.0 14 
226Ra 0.28 0.11 – 0.31 5 
228Th 0.80 0.31 – 1.04 6 
232Th 0.089 0.076 – 0.156 7 
234U 2.30 2.11 – 2.50 7 
235U  0.079 0.031 – 0.122 7 
238U 1.90 1.73 – 2.02 11 

241Am# 0.006 0.004 – 0.022 7 

    

 
* Number of accepted laboratory means used to calculate the recommended or information values. 
# Values should be corrected for in-growth from 241Pu. 
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FIG. 1. Homogeneity test for 
137
Cs in IAEA-437 

 

 

40
K(IAEA-437)

Laboratory number

1 2 10 20 22 18 14 7 13 11 21 23 15 3 9 16 17

B
q
 k
g
-1

100

200

300

400

500

600

 
 

 

FIG. 2. Data evaluation for 
40
K 
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FIG. 3. Data evaluation for 
137
Cs 
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FIG. 4a. Data evaluation for 
210
Pb(

210
Po) 
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FIG. 4b. Data evaluation for 
210
Pb(

210
Po) 
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FIG. 5. Data evaluation for 
226
Ra 
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FIG. 6. Data evaluation for 
228
Th 
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FIG. 7. Data evaluation for 
232
Th 
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FIG. 8. Data evaluation for 
234
U 
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FIG. 9. Data evaluation for 
235
U 
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FIG. 10. Data evaluation for 
238
U(

234
Th) 
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FIG. 11. Data evaluation for 
239+240

Pu 
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FIG. 12. Data evaluation for 
241
Am 
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FIG. 13. Z-score values for 
40
K 
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FIG. 14. Z-score values for 
137
Cs 
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FIG. 15. Z-score values for 

210
Pb(

210
Po) 
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FIG. 16. Z-score values for 
226
Ra 
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FIG. 17. Z-score values for 
228
Th 
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FIG. 18. Z-score values for 
232
Th 
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FIG. 19. Z-score values for 

234
U 
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FIG. 20. Z-score values for 
235
U 
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FIG. 21. Z-score values for 
238
U(

234
Th) 
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FIG. 22. Z-score values for 
239+240

Pu 
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FIG. 23. Z-score values for 
241
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