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Summar

The results of the intercomparsion on Lake Sediment ﬁIAEA/SL-?) for
the determination of environmental 3levels of radiocactivity is reported.
The data from twenty-one laboratories from fifthteen different countries
have been considered and include the determination of the following

radionuclides:

a0 0 1a7 210

K, Sr, Cs, Pb,

2aaU and :ao/ztopu‘

226 228 228 234

Ra, Ra, Th, Th

According to a rigorous statistical evaluation sufficient data for
recommended mean values and confidence intervals only have been received
for:

“°k : 253 Bq/kg ( 218 - 273 Bq/kg)

137¢e: 2.41 Bq/kg (2.20 - 2.62 Bq/kg)
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1. Introduction

Sediment from water bodies, similar as soil, is a major component of
the environment in which the movement of radionuclides to the human food
chain is possible[ll. Thus, it is important to be able to determine
the concentration levels of various radlionuclides with good precision and
accuracy. Precision (reproducibility of a measurement) can be determined
by 4internal methods, while accuracy {closeness to the "True" or most
probvable value) in most cases requires a more detailed .procedure[z},
such as

1. performing the determination by various different - preferably

: independent - analytical techniques (if available),

2. by comparison with reference materials similar to the matrix
analysed (whenever possible), or

3. by participation in an interlaboratory comparison study.

Since the various different analytical technlques or the appropriate
reference material may not be avallable, the International Atomic Energy
Agency's Analytical Quality Control Services staff organized and
co-ordinated during 1986 an intercomparison study of a lake sediment
sample (SL-2) for radionuclide analysis.

One of the purposes of this intercomparison study was to offer to
labvoratories of Member States the possibility to assess their own
analytical performance for the analysis of a lake sediment with
environmental levels of radionuclides. A list of recommended values for
the appropriate radionuclides will be also glven after a rigorous
statistical data evaluation.

Thus, the rest of the stored samples (about 1000 units of 250 grams
each) can be later distributed as a reference material with a certificate
indicating the recommended values and the confidence intervals for each
respective radionuclide.

2. Scope of the study

Participating laboratories were requested to determine the following
radionuclides: 4°K, *°Sp, 137Cs, 2?26Ra and 229/240py, Data on other
radionuclides were also welcomed. The analysts were requested to make at
least three but preferably six independent measurements for each
radionuclide.

References:

{1] "Disposal of Radioactive Wastes into Fresh Water", Safety Series No.
10, TAEA, vienna, Austria (1963).

2] "AQCS-Analytical Quality Control Services Programme: Intercomparison
Runs, Certified Reference Materials and Reference Materials 1987-88",
IAEA, Vienna, Austria (1987)



The results listed in the tables are from twenty-one laboratories in
fifthteen different countries. The evaluation was based on 61 laboratory
means resulting from 266 individual determinations. Pifthteen labora-
tories or more have determined “°K, 227Cs and 22€Ra; six laboratories have
measured ®°Sr, while only a few have presented data for 2”/"°Pu, 228Rg,
23°U, 220Th’ 234Th and 210py

3. Description and processing of the material

The lake sediment was collected from Neusiedlersee, located some 80 km
southeast of Vienna, Austria. The material was sampled with a mudpump
directly from the top layer of sediment and passed through a 1 cm sieve
on site.

After decanting the water, the material still contained about 36% of
moisture. Thus, it was predried in open air for one month followed by
drying at %00°C for 24 hours. After drying, the material was milled to
receive a fraction passing a sieve for grain sizes 1less than 500 wum.
This bulk sample was passed through a 71 wum sieve. The material that
passed (less than 71 um) was coded SL-3, to be employed for a trace
element intercomparison study. The remaining material (greater than
71 um) was coded SL-2 for the intercomparison study of radionuclides.
This material was homogenized by mixing in a rotating plastic drum for
10 hours and aliquots of 250 grams each were transferred to plastic
bottles. The homogeneity of the SL-2 material was tested by gamma
spectrometry for the 4°K and :27Cs activity in ten randomly chosen bottles.
This test resulted in values which did not differ of more than 10% for
sample sizes of 250 grams. Taking into consideration the activity
concentrations measured for 227’Cs and 49K the material could be considered
homogeneous for sample sizes of at least 250 grams.

All results were requested to be reported on a dry-weight basis. It
was recommended that the water content of this material be determined in
a separate sub-sample by drying at 105°C to a constant weight.

A sleving analysis of a portion of the bulk SL-2 material resulted in
the following grain size distribution:

Grain size (um) 3
> 500 0.3
400-500 1.3
315-400 T.7
200-315 38.1
125-200 38.6
90-125 7.9
71-90 3.0
50-T1 1.6

< 50 1.2




4. Evaluation of results

The original data received from the participating laboratories were
edited (converted to the same units and format), before being typed in a
computer data file. This data file was processed by a computer program
especially written for evaluating intercomparison results. Observations
which deviated statistically significant from the population of the other
results, were considered to be outliers and rejected if they failed
either one of the following statistical tests at the significance level
of a = 0.05:

1) Dixon's,
2) Grubd's,
3) coefficient of skewness, and
y) coefficient of kurtosis.
Some further information can be found in reference [3].

4.1 Explanation of tables

4.3.1 Data_tabdbles
The laboratory mean values for a specific radionuclide for which at
least two laboratory means were supplied are presented in Tables 1
to 10.

LAB._CODE NO.: Each laboratory was assigned a code number, which is
the same throughout the whole report. These do not correspond to
the sequence of the laboratory in the 1list of participants given,
thus anonymity is secured. 1If a laboratory presented results from
more than one analytical technique for a specific radionuclide, it

was differentiated by a A, B, C etc. after its code number.

METHOD_CODE: The analytical techniques employed by the participating
laboratories are represented in the form of a code (a letter and
number). The key to the different analytical techniques is given

in Table A.

NO. OF_DETERM.: The number of individual results for a given radio-

nuclide supplied by the participating laboratory, with the
exception of those given in the form of "less than".

LAB MEAN: The arithmetic mean computed from all the individual
results supplied by the participating laboratory, an asterisk (%)
after the lab mean denotes that it was detected and rejected as an
outlier. Thus, it was not used to compute the overall mean for
this radionuclide.

(3] R. Dybczynski, A. Tugsavul and O. Suschny, Analyst 103 (1978) 733
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LAB STANDARD DEV: The absolute and relative standard deviations

were calculated in the usual way 1f at least three results were
reported by the participating laboratory.

The results of laboratories which were below quantification are
given at the end of the other results. With LAB._LOD meaning the
limit of detection.

Summary of results table , .

-

A summary of results is given in table B. Most of the terms
used in the summary table have been already defined before. The
gstandard error (S.E.) is defined as the stsandard deviation of the
mean values divided by the square root of the number of laboratory
means.

Description of figures

A figure was plotted for each radionuclide when at least five
or more laboratory means have been reported. The laboretory means
are plotted by ascending concentration values (Bgq/kg) on the y-axis
with their respective laboratory code noted along the x-axis.

The respective error bars (standard deviation of the mean) are
also shown. The code above the error bar is the laboratory method
code, while the value below the error bdbar is the number of
individual determinations. If a "less than" value was reported an
arrow downwards was employed rather than the numerical value. The
mean value and the 95% confidence interval for all the accepted
laboratory means are listed in the figure caption when appropriate.
The 95% confidence interval is also shown on the graph as dotted
lines for ease. Finally, the so0lid points (filled in circles) were
detected and rejected as outliers for the calculation of the
overall lsboratory mean.

Criteria for recommnended values and confidence intervals

¥ Please note that these criteria are especially designed for
this report and do not apply for general consideration.

The mean values of the overall data (that 1s the data thet was
not detected and rejected as outliers) were consldered as the
recomnended values when

1) more than ten laboratory means were availadle

2} the percentage of outliers was less than 20% and

3) the overall standard deviation was not greater than two times
the average standard deviation of the accepted laboratory
means.
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The confidence interval assigned was the 95% confidence 1imit when
at least 80% of the accepted laboratory means with their respective
standard deviations fell within this interval. The confidence
interval was opened up by a factor of 20% if B80% of the accepted
laboratory means with their respective error bars did not fsll
within this interval.

5. Results and conclusgsions -

-

Even though 21 1laboratories participated in this intercomparison
study, only sufficlent data on three radionuclides (*°K, 227¢sg
and 22€Ra) were obtained for consideration of assigning recommended
values. It seems that partlcipating laboratorlies have moved in the
direction of employing mostly instrumental gamma spectrometry, rather
than beta or alpha spectrometry. This is most 1likely because of its
inherent characteristics, such as little or no sample preparation, ease
and time. It should be stressed that Iinstrumental gamma spectrometry
cannot replace beta measurements or alpha spectrometry in many cases.

The data for 1*’Cs from 16 1laboratories have resulted in an
overall 1laboratory mean being assigned the recommended value with 95%
confidence 1limits a3 its respective confidence interval. Similar, for
46K, bdbut the confidence limits were opened by a factor of 1.2 (20%)
to ensure that at least 80% of the accepted laboratory means with their
respective standard deviations were within the assigned confidence
interval. Even though 17 1iaboratories presented data for 22¢Ra no
recormended value and confidence interval was assigned since the overall
relative standard deviation of the laboratory means was 47.7%, about a
factor of three times higher than the average laboratory means relative
standard deviation. Only six 1laboratories had communicated data on
90gr, thus it was not considered for assigning a recommended value by
the criteriz scheme applied. In addition, the standard deviation of the
mean for ?°Sr exceeded 100% that of the overall data.

Finally, it should be noted that other results were reported and are

presented in the data tables for 21°Ph, 239/240pp, 228Ra  228Th  and
238y,
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Table A

Codes for laboratory methods

Method Code Method
e Alphe spectronetry sfter rediochenicel
separation
B2 Indirect beta measurement (’oY growth)
Gl Direct gamma spectrometry (instrumental)
G2 Indirect gamma spectrometry (of another

radionuclide in equilibrium)

R2 Radon Emanation Method
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TABLE NO. 23

RESULTYS OF INTERCOMPARISON FOR PB-210 IN IAEA/SL-2. 1986
UNIT: BQ/KG

LAB. METHOD NO.OF LAB. AB.STANCAR
CODE CODE DETERM. ME AN LAB-STANORRD DEV
NO. ABS REL %
18 G1 2 18.40 0.42 2.
15 G1 6 21.55 4.46 20.?

TABLE NO. &

RESULTS OF INTERCOMPARISON FOR PU-239 IN IAEA/SL-2. 1986
UNIT: BQ/KG

LAB. METHOD NO.OF LAB. LAB_STANOARD DEV
CODE CODE DETERM, ME AN
NO. . ABS REL %
4 A2 1 20.90
9 A2 3 67.33 9.29 13.8
18 A2 3 696.67 47.26 6.8

TABLE NO. &

RESULTS OF INTERCOMPARISON FOR RA-226 IN IAEA/SL-2, 1986
UNIT: BQ/KG

LAB. MEYHOD NO.OF MEAN STANDARD DEV.
CODE CODE DETERM.
. ABS REL %

1 G1 2 25.55 5.30 20.8
2 G2 ) 20.50 0.40 2.0
4 G1 3 36.47 2.83 7.8
5 R2 3 18.57 2.68 13.7
& G1 3 15.73 0.25 1.6
7 R2 4 30.50 3.42 11.2
8 R2 6 32.38 14.22 43.9
11 R2 3 15.40 0.30 1.9
13 G2 6 16.43 1.47 8.9
14 G2 3 16. 17 0.70 4.3
15 G1 6 18.65 .38 2.1
16 G1 6 42.05 4.18 8.9
17 G1 3 21.27 0.42 2.0
18 G1 ] 19.02 0.33 1.7
19 R2 6 1.54 0.15 9.8
20 G2 2 35.50 6.386 17.9
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TABLE NO. &

RESULTS OF INTERCOMPARISON FOR RA-228 IN 1I1AEA/SL-2, 1986
UNIT: BQ/KG

LAB. METHOD NO.OF LAB. LAB.STANDARD DEV

CODE CODE DETERM. ME AN

NG. ABS REL %
2 G1 5 12.06 0.34 2.8
15 G1 6 11.93 0.69 5.8

18 cR 6 11.83 0.52 4.4

TABLE NO. 7
RESULTS OF INTERCOMPARISON FOR SR-90 1IN 1IAEA/Si -2, 1986
UNIT;: BQ/KG

LAB. METHOD NO. LAB. LAB.STANDARD DEV
CDDE CODE DE TERM. ME AN
NO . ABS REL %
3 B2 1 1.74
7 B2 - 8.40 5.68 67.7
13 B2 1 1.79
18 B2 2 1.20 g.00 0.0
20 B2 6 14.33 3.88 27 .1
RESULTS BELOW LIMIT OF DETECTION REPORTED BY OTHER LABORATORIES
LAB. METHOD LAB.
CODE CODE LOD
NO.
5 B2 3.00

TABLE NO. B8
RESULTS OF INTERCOMPARISON FOR TH-228 IN IAEA/SL-2, 1986
UNIT: BQ/KG

LAB. WMETHOD NO.OF l..ABi| LAB.STANDARD DEV
mCDDE- CODE DETERM. MEA ABS REL %

11.18 .33 3.0
1% g} g 13.57 0.38 3.4
15 G1 6 12.43 0.36 2.9
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TABLE NO. 9
RESULTS OF INTERCOMPARISON FOR TH-234 IN TAEA/SL-2, 1986
UNIT: BQ/KG

LAB. WMETHOD NO.OF hégﬁ LAB_STANDARD DEV
DE TERM,

Sg?ﬁ co DETE ' ABS REL %

18 Gt 6 14,72 0.72 4.9

TABLE NO. 10
RESULTS OF INTERCOMPARISON FOR U-238 IN 1AEA/SL-2, 1986
UNIT: BQ/KG

LAB. METHOD NO. LAB. LAB.STANDARD DEV
COGE CODE DETERM. ME AN

NO. ABS REL %

2 G 5 18.64 3.60 19.3
15 G1 6 13.65 1.68 12.3



15

S9°T1 _ LE'0T

9L's

T o ol Sy A

| ers |

EE"ri _

EE"ri _

- o b ———

ir il

e e S ) e D e

6 or _ [ AN Y

9§°C

——— - -y g . T AP T

6°y01 * ] 2

-

tT'ol

e e e e W -

L0 »OT s’z
- PLRIT -r'z

- -

7 T 5 e e S e e W A e ol N A S S A W S e

56° 73A31 ALINIGVADNd bOd
NOI1vInd0d 30 NY3W
4L 404 SLINIT 3ON3QI3NOD

X734 (*3°s)
B yoHuu3a

0.' ﬁ N.v
b 0i°0

w.ll'll-'-l.'l-"; W e e

cEr'ry 9E°0

1 f [ -1 *

11 14 _ v ore _ 9€°C _

- 0L

S0°Cr _ 0§°TTE _ 16°Z _

- S

- DD°S9)

s0°Zy _ 0D '9iSl _ €89 _

- 5l

13

A AL A v T TS

ow/o8 |

ARy o R e o R U S Al s D P WD Sk e o s O en b e Y A S A W e o S

eZZ-vu

- E8° v - 0L

A Yt . - -

[ 44 14

e m e m———— = =

91 £l

19 1 4]

| = e e  ———— e

13 sl

ow/oa | owoa |

or- _ LEL-SD

. -

- o i T W -

sav OUvONVYLS
%13y (*a's)

NOILVIAZA

GUYONVYLS

sav

mmoqzm>q >¢o~¢¢on¢4w
Q314300% S0 NYaw “TIWH3IAD

- -

§3140LVYE08Y
ONIATNG 30 3OVINIDYAd

S3IOVHIAV AHOLYHOBYY
0344300V d0 J0NVH

v

S30VHIAY_AHOLYHOBY]
40 3F0NVY WLI0L

SNOTLYNINNILID
IVNAIATAONI

—— e ———————— S4iNS3Y
SIOVUIAY| QALdIIDV
AUOLYHOEBY| 20 HIAWNN
SNOTLVNINY3L3Q
IvNAIAIONI

e mm——e————— $17053Y
$30VHIAY] 4315043
AdOLvwdOavY] 40 Y38WNN

- W

1INN)

" "aaniws3iaa|
301100NOI OV

‘ll'-l’3|I|I‘|||||l!‘l‘ll'i||l!|||||l||'|l“i|||||'i||||'l|||lll||

9861

‘T-15/vavl  NOSIWVANODHIIN

I 3HL 30 SLINS3Y 0 AYVWANS

g 27qe]



- 16 -

Table C

Recommended values and confidence intervals
for radionuclides in IAEA/SL-2 (Lake Sediment)

Radionuclide Recommended Value Confldence interval®
(Ba/kg) (Bq/kg)
4% 235 218 - 273 (1.2)
137cs 2.41 2.20 - 2.62

* The confidence 1interval 1s the normal confidence limit at 95%
significance. If 80% of the accepted laboratory means with their
respective standard deviations are not within this interval, the
normal confidence limit at 95% aignificance is opened up by 20%
{1.2) until 80% of the accepted laboratory means are included. The
value within the brackets ( ) after the confldence interval glves
this factor.
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