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1. INTRODUCTION

The purpose of the Laboratory is twofold. Firstly, it supports the

Technical Cooperation activities of the Agency, helping to solve techni-

cal problems in Member States by applying many of the useful "nuclear

techniques" which have developed along with the nuclear industry. While

doing this it helps to develop research capacity in these states.

Secondly, it operates the Safeguards Analytical Laboratory (SAL) to which

samples of fissile materials are sent for analysis by the Agency's safe-

guards inspectors, from nuclear facilities around the world.

Work in support of Technical Cooperation is reviewed in Section 2.

Much of this relates to programmes of research initiated or coordinated

by the Agency and being carried through in one or more Member States,

using methods which were developed in the Laboratory. Large scale tracer

experiments in agriculture are often started in this way. Preliminary

experiments are run in the Laboratory's own trial plots, and participants

who lack analytical facilities may send their samples to the Laboratory

for analysis.

Section 3 deals with advanced techniques for chemical analysis.

These techniques, which include atomic absorption and mass spectrometry,

are widely used in materials and environmental research, but because of

their great sensitivity can be subject to serious error unless very care-

fully controlled. The Analytical Quality Control Service (Section 3.1)

offered by the Laboratory is designed to help scientists in Member States

to overcome this problem by taking part in "intercomparison" analyses of

samples drawn from large batches of homogeneous material, or by analysing

samples of certified composition supplied by the Laboratory. This ser-

vice also extends to some of the special problems associated with the

analysis of radioactive materials.
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There is a constant flow of young scientists who visit the Labora-

tory for some form of training. This is the subject of Section 4.

Visitors may stay for a few days, or many months, under one of the

Agency's fellowship or scientific visit schemes, taking part in a pro-

gramme of research or following a course of study in some particular

field. These visits sometimes lead to the introduction of a completely

new programme, when a trainee brings his own problem to the Laboratory

and its solution is found to have a more general application.

The work of the Safeguards Analytical Laboratory, which is described

in Section 5, sets it apart from the rest of the Laboratory. SAL's faci-

lities are designed for handling gram quantities of plutonium and other

fissile materials, as part of a highly integrated operation which is

essential to the Agency's Safeguards programme. Trainees can seldom be

accepted in this part of the Laboratory and there is little opportunity

for independent research.

Radiological safety at the Laboratory is watched over by a resident

team from the Agency's Radiological Protection Service (Section 6).

Trainees are welcomed by this group, which gives instruction not only in

the procedures of radiological protection but also on the effects of

radiation on biological systems.

The report closes with a list of the reports and publications

produced by members of the Laboratory during the year (Section 7).
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2. SUPPORT OF RESEARCH AND TECHNICAL CO-OPERATION PROJECTS

2.1 Soil Science

Three new field experiments were started to study symbiotic

nitrogen fixation by grain legumes. Work continued on the im-

provement of fertilizer and water management practices for multiple

cropping systems. Several other research programmes were given

technical and analytical support.

•

2.1.1 Co-ordinated Research Programme on biological dinitrogen fixation

Two field experiments were set up to support this Co-ordinated

Research Programme.

The first was designed to compare the abilities of eight soybean

(Glycine max) cultivara to fix atmospheric nitrogen in the presence

of low (20 kg N/ha) as well as high (100 kg N/ha) levels of supple-

mental nitrogen fertilizer. The high level of N application (100 kg

N/ha) reduced the percentage of nitrogen derived from fixation, the

amount of fixed nitrogen, the nodule dry weight, and the acetylene

reduction activity of the soybean cultivars. One cultivar (Dunadja)

responded differently from the others to added nitrogen, but further

experiments are needed to confirm this. Correlation was in general

found between nitrogen fixation and nodulation and total dry matter

yield. A useful finding was the good agreement between nitrogen

fixation as measured by the N15 method and by the acetylene reduction

technique.

The second experiment had a similar objective but instead of

taking the legume cultivar as a variable, different strains of

Rhizooium were used. The aim was to identify strains of Rhizobium

phaseoli for which symbiotic nitrogen fixation by common beans

(Phaseolus vulnaris) was unhindered in the presence of high levels of
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fertilizer N application. The results confirmed that these beans are

poor at nitrogen fixation. So very little fixation was observed that

no differences could be detected among the strains tested. On the

other hand the experiment yielded interesting results with regard to

the N15-method, e.g.:

- Buckwheat, when used as a control crop, led to overestimation

of nitrogen fixation by the legume crop. The non-inoculated crop was

a better control for that estimation.

- Although increased nodule dry weight and acetylene reduction

activity were observed with the rhizobial inoculation treatment, the

N15 method showed there was no effect on nitrogen fixation activity.

It is very likely that the symbiotic nitrogen fixation of this crop,

which is a major staple food crop in many areas of the world, could

be improved by a multidisciplinary research programme. Nuclear

techniques would be useful for mutation breeding and for evaluating

improved germplasms under field conditions.

The third set of field experiments studied the effect of

different pesticides (fungicides, herbicides, insecticides) on the

symbiotic nitrogen fixation of fababean (Vicia faba). The results

showed a general lack of effect of pesticide application on nitrogen

fixation, under the experimental conditions.

Laboratory staff participated in the second Annual Meeting of

scientists taking part in the Co-ordinated Research Programme, held

at the Vienna International Centre from 12 to 19 January 1981. A

progress report on the field experiments carried out in 1979 and 1980

at Seibersdorf was presented and evaluated. Sixteen scientists taking

part in the Programme reported on their research activities and

discussed their experimental plans for 1981.
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A five-day workshop on the use of N15 in soil-plant

nutrition investigations was held at the Vienna International

Centre, immediately after the meeting mentioned above. The

objective was to acquaint those taking part with the latest

developments in the use of N15 for soil-plant nutrition studies,

and to familiarise them with the relevant necessary calcu-

lations. In all there were twenty-five participants, from

nineteen Member States. Fourteen were involved in the Biologi-

cal Nitrogen Fixation Programme, while five were participants in

the Programme on Nitrogen Residues. Laboratory staff gave most

of the lectures and prepared a working copy of the lectures and

exercises. Many of the examples of isotope-aided field and

greenhouse experiments used were actual experimental data from

research done at Seibersdorf.

A paper "Time course of symbiotic nitrogen fixation by

fababean (Vicia faba) and soybean (Glycine max)" was prepared

for the 12th International Congress of Soil Science. It con-

tained the results of two field trials carried out in 3 980 at

the Seibersdorf Laboratory.

2.1.2 Co-ordinated Research Programme on the Development of Fertilizer

and Water Management Practices for Multiple Cropping Systems

A field experiment was set up to study the effect of P32-

labelled superphosphate placement on row intercropping of broad-

bean (legume) and barley (cereal). It was found that the phos-

phorus uptake by barley was much higher than that of broadbean,

and was increased when N and P were placed in the same band.

This experiment was used during the training course referred to

in 2.2.1 below.

Based on the results of experiments conducted at Seibers-

dorf in 1979 and 1980 a multiple cropping study was carried out

to determine the effect of competition by buckwheat (FaKOPrrua
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eseulentum) on biological nitrogen fixation by soybean (Glvcine

max). The degree of competition created by the buckwheat was so

high that the soybean grew abnormally.

A component of this co-ordinated research programme is a

study of the most effective placement and timing of nitrogen

fertilizer, and placement of phosphorus fertilizer, using N15

and P32. A trial of the nitrogen experiment was carried out

during 1981 at Seibersdorf Laboratory. The main purpose was to

determine, through the use of isotopically labelled N fertili-

zer the optimum placement method and time of application of

nitrogen for an intercropping system of sorghum (Sorghum

vulgar*) and soybean (Glvciae max).

The results showed clearly that this method can provide

valuable information about the effectiveness of fertilizer

management practices for multiple cropping systems. The N15-

method can also be used to study nitrogen fixation by the legume

component, and to optimize the agronomic practices that affect

this in a multiple cropping system. The fertilizer N utilization

was better when the fertilizer N was applied in a band below the

sorghum row than when it was broadcast. Split application did

not result in an increase of fertilizer use efficiency. Side-

dressing when the sorghum was SO cm high was as effective as

application at seeding time, but the most effective N

utilization in the grain occurred with late application.

Laboratory staff took part in the initial Research Co-

ordination Meeting of the Multiple Cropping Programme, which was

held at Vienna headquarters from 14 to 18 September 1981. Nine

participants in the programme attended, from Bangladesh,

Indonesia, Nigeria, Panama, Tanzania, Thailand, Trinidad, USA,

and Zambia. A representative of FAO also reported on FAO's

activities in the field of multiple cropping. Progress reports
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on initial experimental work were presented. The group developed

plans for future experiments.

The meeting was followed by a workshop on the use of iso-

tope techniques in agricultural research, from 21 to 25

September 1981, for the research contract holders in the

Multiple Cropping and the Herbicide-Nitrogen Efficiency

Co-ordinated Research Programmes. Staff members of the

Laboratory lectured, led discussions, and assisted with the

calculation exercises.

A one-day visit was made to the laboratory, greenhouse, and

field experiments at Seibersdorf. A manuscript was compiled

from the lectures delivered at these workshops.

2.1.3 Other research programmes

Laboratory staff participated in the annual research co-

ordination meetings of the following programmes:

a) Isotope and Radiation Techniques for Efficient Water and
Fertilizer Use in Semi-Arid Regions, Vienna, 23 to 2? March
1981

b) Isotope Tracer Aided Studies on the Role of Herbicides and
Related Chemicals in Soil and Fertilizer Nitrogen Manage-
ment, Vienna, 28 September to 2 October 1981.

Laboratory staff were involved in developing experimental

plans during the following consultants' meetings:

a) The Use of Isotopes in Research on Tree Crops, Vienna, 9 to
13 November 1981.

b) The Role of Isotopes in Studies of Endomycorrhizal
Associations, Vienna, 16 to 20 November 1981.
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2.1.4 Laboratory services

The Laboratory carried out analyses which participants in

research programmes were not be able to carry out for them-

selves. These included analyses of both radioactive and stable

isotopes (mainly N15). The development of routine N15 analysis

techniques by mass-spectrometry enables the Laboratory to make a

large number of N1S analyses each year. In addition, protein

and amino acid analyses are done for the Plant Breeding Group at

Seibersdorf. The number of analysis during 1981 is shown in

Table 2.1.4.1.a. The evolution with time of the total number of

analysis is summarized in Table 2.1.4.1.b.

N15-labelled fertilizers for work done under research con-

tract or other IAEA.-supported projects were distributed from the

Laboratory.

As well as providing these routine services the Laboratory

also developed methods which could be used by participants in

research programmes to carry out their own isotopic analyses.

For example:

- A metal vacuum line has been developed which can be used

for any kind of sample tube for mass- and emission spectrometry

in N15 assay. This line is more robust than the glass manifolds

previously used. Several of these new lines have been supplied

for technical co-operation projects, and have given excellent

service. This type of line will in future be supplied to these

projects as a standard item.

- A new emission spectrometer (N01-6 model) is being de-

veloped by a group of scientists at the Institute for Isotopes

and Radiation Research in Leipzig, GDR. A staff member of the

Laboratory had the opportunity during the year to visit this

Institute and discuss the future development and use of the
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spectrometer, of which a prototype was being tested for

continuous operation.

During a follow-up mission to Leipzig, three Laboratory

staff members and the GDR staff concerned agreed on some modi-

fications which would make the equipment more suitable for use

in developing countries. Following this discussion a technical

contract proposal has been submitted by the Government of the

German Democratic Republic to the IAEA for a*joint development

project.

The new emission spectrometer will malee possible a

significant improvement in the routine analysis of N14/N15

ratios. It eliminates the costly and troublesome high-vacuum

procedures required with present-day instruments and does not

require operators of high technical skill. Also, it does not

require the use of liquid nitrogen, which can be difficult to

get in developing countries.
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Table 2.1.4.1.a

Nitrogen analyses performed in 1981

Section Programe Analysis of N15 Total N

Mass- Emission
spectrometry spectrometry Kjeldahl

Soil
Science

Own field experi-

ments
N-residues
N-fixation
Semi-arid areas
Multiple cropping
Independent con-

tractors

1720

18S0
2600
400
400
320

-

400
-

so
—
-

1650

Analyses for Plant Breeding Group: Lysine analyses: • 2160
% N by Technicon: 2000
% N by Kjeldahl: 2S0

Other analyses: SO samples

Table 2.1.4.1.b

Summary of nitrogen analyses performed during the last five years

1978 1979 1980 1981

7000
1000

6430
620
_

3700*
350
200

6150
370
500

7290
450

1650

Mass spectrometry
Emission spectrometry
Tot. nitrogen analysis

* Low output because of a breakdown of the mass-spectrometer

and the installation of new equipment.
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2.2 Plant Breeding

During 1981 investigations were continued on the evaluation of

mutations in wheat, rye, broadbean and pepper. The kinetics of

protein accumulation in developing wheat seeds and the induction

of mutations to improve lysine yields in rye were studied. A

mutagen treatment service was provided to institutes in Member

Countries.

2.2.1 Co-crdinated Research Programme on the Improvement of Cereal

Grain Protein

2.2.1.1 Mutation induction experiments in bread wheat (Triticum vultare)

The project started in 1973 when seeds of the spring wheat

line Мех 22А (sister line of the well-known varieties Mexipak,

?.alyansona, and other varieties developed from CIMMYT) were

treated with either 15 krad gamma rays or ethyl methane

sulfonate (EMS). During the course of the project mutant lines

with increased seed protein content have been consistently

selected. In order to avoid the generally negative correlation

between grain protein content (% protein) and yield, lines with

inferior yielding characters have been discarded. Originally

more than 20,000 mutant plants were analysed from which ten

lines are still being tested in the field. Some results of the

field experiment and of analyses made in the laboratoy are given

in Table 2.2.1.a. For comparison, the results from 1980 are

given as well. The data demonstrate the necessity to test tiie

agronomic performance of breeding material in subsequent years.

Thus, the vegetative development was generally better in 1981.

The %N values of the mother line were the highest ever recorded

in 1980, while the other extreme was noted in 1981. The lines

162M, 44S, 0 827, Y 59 and 10297 performed relatively well in

both years.
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The same material will be sown at Sohrau in 1982, but it is

planned to terminate the project in 1983.

2.2.1.2 Kinetics of protein accumulation in developing wheat seeds

As described in the previous report [1], a series of

crosses between varieties, breeding and mutant lines has been

undertaken with the objective of combining their inherent types

of protein and dry matter accumulation and to find transgressive

recombinants. As most of the genotypes employed in these

crosses are believed to have many different genes regulating the

pace and amount of nitrogen and dry matter accumulated in the

seeds, plants in early generations are likely to have a high

degree of heterozygocity and established true breeding recombi-

nants will not appear before at least some generations of self-

pollination have been passed. Three groups of crosses were made

with the following objectives:

a) Search for a high protein alternative to the variety Atlas

66. Three crosses were made, all with the low-protein

spring-wheat variety Kalyansona as one of the parents.

b) Combination of genotypes with different protein accumu-

lation patterns to select transgressive recombinants (four

crosses).

c) Crosses between high seed weight lines to select trans-

gressive recombinants (three crosses).

[1] The activities of the IAEA Laboratories Annual Report-1980,
IAEA/RL/93
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In 1981 two populations were grown at Seibersdorf. The

winter wheat material was sown in October 1980. About 1,300

plants (parent lines and F bulk plants) ware analysed. A

spring wheat material (F ) was sown in March and a total of

2950 plants was analysed. Every plant was scored for the

following characteristics:

- Plant height

- No. of spikes/plaat

- Yield per spike

- Seed weight, measured on grains

from lateral florets of spikelets

- % N

- N per grain

A detailed account of the results would be too extensive

for this report. However, some illustrative examples are given

in Tables 2.2.1.b, с and d, all from the winter wheat material.

As seen from Table 2.2.1.b, it seems that the line F26-70

is superior to Atlas 66. The selected plants from cross 1 are

all superior to those selected from cross 2 as regards seed

weight and N/grain. In cross 5 (Table 2.2.1.C), belonging to

the group b mentioned above, the results do not give any con-

clusive results as to transgressive segregante. Nine bulk

plants have been selected for progeny tests. The high seed

weight in some of the offspring of cross 9 (Table 2.2-l.c) is

encouraging. At the same time the nitrogen content of one of

the parent lines is maintained. 17 plants will be progeny-

tested.

New single-seed bulks were prepared for 1981/82 and some

plants were selected for progeny tests, i.e. 95 and 247 plants

from the winter and summer bulk progenies, respectively. An

F bulk of the winter wheat was sown in October 1981. The

project is likely to be terminated in 1983.



2.2.1.3 Mutation experiments in diploid ry« (Sécale eereale)

Efforts to improve the limiting ami no acid lysine in hexa-

ploid wheat grains by induced mutations have so far been un-

successful. Based upon a mutation frequency of ю " to 10~

for lysine genes in barley, a mutation breeding project with a

self-fertile rye line was initiated. Whenever mutant lines

could be identified, they were utilized to transfer the lysine

gene into wheat. Л popul&tion of 4 x 10 seeds was origi-

nally mutagen-treated. Some lines with rather moderate lysine

increase were selected, indicating that the incidence of induced

mutations with distinct lysine improvement is lower than in

barley. A negative correlation between seed protein and lysine

contents was observed. 37 lines with supposedly increased

grain- lysine content were sown in October for further con-

firmative tests. The details of the procedures have been given

in earlier reports.
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Table 2.2.1.a

Seed protein improvement in МЕХ 22А spring wheat. Some results from field

experiments in 1980 and 1981. Mean of 6 replications, plot size 4.0

m
2
. Relative values (МЕХ 22А * 100).

Mutant

line

or
variety

21 M
162 M-
632 M

5074 M
44 S

4353
E 296
0 827

Y 59
10297
Snabbe*

Hez 22A

Мех 22А
abs.val.

Plot

1980

110
121
89
104

116
76
93
105

113
99
—

100

(1532)

yield

6

1981

79
101
75

80
80

62
82

99

76

83
96
100

(1843)

TKW**

S

1980

117

122
120

127
113
144
122
118
121
120
—

100

(44.5)

1981

110
109
116

118
109

108
115
109

114

111
110
100

(38.8)

% N

1980

120
109
128

122
118
132
107

121
109
124
—

100

(2.14)

N

1981

114

98
111

103
112
120
108
105

118
108
107

100

(1.85)

yield per plot

e

1980

131
140
115

128
136
100
112
118
136

122
—

100

(32.8)

1981

90
99
83

82
89
75
88

104

89
89

103
100

(34.3)

"Commercial check variety.
**TKW - 1000 kernel weight
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Table 2.2.1.b

Results of crosses between the spring wheat variety Kalyansona and
the winter wheat lines F26-70 and Atlas 66. Front winter wheat
experiment 1980/81.

Cross No.l Cross No. 2

F 26-70 Atlas 66

Number of plants

Seed weight, mg:
Mean
Range

N/grain, ng:
Median
Range

No. of selected
plants to F¿

87 66 64 173

55.2+0.5 57.3+0.7 46.6+0.4 48.4+0.4
41.8+63.3 41.6-70.1 38.1-54.6 32.9-63.0

1.55 1.63 1.38 1.33
1.01-1.97 1.03-2.03 1.13-1.65 0.83-1.73

14 12



- 17 -

Table 2.2.1.с

Results of the cross between the lines 51092 and F 307-65 from the

winter wheat experiment 1980/81.

Number of plants

Seed weight, mg:

Mean

Range

N/srain, mg:

Median

Range

51092

52

49.1+0.6

41.4-66.4

1.28

1.00-1.81

С г о

49

28

0.

s s N о.

*3

113

.2+0.6

.6-63.7

1.33

79-1.97

5

F 307-65

52

39

0.»

81

.3+0.7

.0-67.3

1.48

>9-1.86

Table 2.2.1.d

Results of the cross between the lines F 307-65 and L 421-73 from the

winter wheat experiment 1980/81.

Number of plants

Seed weight, mg:

Mean

Range

N/grain, mg:

Median

Range

F 307-65

81

52.3+0.7

39.0-67/3

1.48

0.99-1.86

C r o s s N o .

F
3

117

54.7+0.6

35.0-67.8

1.48

0.89-1.92

9

L 421-73

86

51.2+0.6

39.0-68.4

1.31

0.97-1.84
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2.2.2 Mutation experiments in broad bean (Vicia faba)

the final testing for gene-environmental analyses during

three different years and four locations in Austria with mutant

lines from the Seibersdorf Laboratory has been made. In com-

parison to the best adapted cultivar and the mother variety

Wieselburger the mutant line 18-11 yielded 6.2 and 9.8% more,

respectively. In addition, the seed-protein content and thus

the protein yield was remarkably improved in the mutant line.

The negative correlation between yield and protein content

frequently found in cereals apparently does not exist in broad

bean. In retrospect, grain yield and protein yield improvement

have been reached by selection for increased harvest index

(ratio of grain yield to total yield) rather than by increased

total yield, the harvest index, or the processes contributing

to it, is thus genetically controlled. Nitrogen harvest index

(NHI) describes the ratio of N in the seeds to total yield (cf.

table 7.3.a in the previous report) and is evidently genetically

controlled without negative association. However, its

relationship to the acquisition and allocation of N is not yet

fully understood. A particular concern is that some genotypes

may be too efficient in re-mobilizing N from vegetative parts of

the plant into the seeds, which causes early senescence leading

to a decreased photosynthetic rate and other physiologic pro-

cesses such as N-fixation during crucial stages of seed develop-

ment. The N15 technique was used to measure the symbiotic

nitrogen fixation under field conditions,

Nitrogen partitioning was looked upon in this project by

screening mutant lines with high yielding potential for the

recovery of N in the harvested structures (seed and other

vegetative parts). Protein content and quality in the seeds

were especially investigated, aiming to find mutants with an

improved biological v~\ue in terms of nutritional quality.

Positive associations were found between symbiotic dinitrogen

fixation and its translocation into the seeds. It has already

been reported that high-yielding cultivare and mutant lines have
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an excellent N fixing capability (80-90% N derived from

fixation). Moreover, some mutants with improved protein yield

(% protein x yield) had improved lysine content, pointing to a

rather independent association between lysine and protein

contents (correlation coefficient г » - 0.13, n * 44). On the

other hand, the induced variability to be able to select mutants

with improved content of the limiting sulphur-containing amino

acids (SAA) cystine and cysteamine has been less promising.

Highly significant and negative association between SAá. and

lysine contents (r • - 0.S8) shows that a combination of these

two groups of amino acids appears to be difficult.

The project with broad bean is close to its termination.

Besides maintaining the agronomieally most promising lines, the

results are to be prepared for publication.

2.2.3 Mutation experiments in pepper (Capsicum annuum L.)

This group of projects started in May 1980.

a) Investigation of the feasibility of using multiple hetero-

zygote tester lines for the evaluation of mutagenic treatment

procedures in the M. generation.

To create a multiple heterozygous tester stock the lines

W-8 (male sterile, without anthocyanine, yellow anthers, sulfury

white immature fruits, pendant fruits, dichotomous, large

"Kapia" type fruits, etc.) and C-3-1 (fertile, with antho-

cyanine, purple anthers, upright fruits, green fruits, small

pointed fruits, etc.) have been used.

F heterozygote seeds were treated with gamma rays (6, 8,

and 10 krad) and mutant plants or sectors were scored on the

basis of marker genes. The obtained mutation rate was relative-

ly low and the differences between the doses non-significant,

leading to the conclusion that this heterozygous tester stock is

not suitable for early evaluation of mutagenic treatment proce-

dures .
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1210 И. plants were harvested and the fruits left to dry

without removing them from the plants. A scheme for labelling

the exact position of the fruits was developed. This material

will be used for the study of chimera structure of И plants

on the basis of M. chlocophyll mutation rate as a part of the

project "Chimera structure of non-cereal plants".

b) Possibility of haploid production after pollen irradiation.

To investigate the possibility of haploid production after

pollen irradiation, as recommended by many authors, a scheme

involving an early recognizable gene marker was used.

al al

(green hypocotyl)

.1
(green hypocotyl)

haploid

al
T
 al" (irradiated with g

(purple hypocotyl)

rays)

(purple hypocotyl)

diploid

This scheme allows recognition of haploid plants at a

rather early stage (one day after germination) enabling the

screening of thousands of plants in a short time. The ex-

perimental results are summarized below:

Dose, rad

Ho. of H. plants

Purple hypocotyl Green hypocotyl

0
500

1000
1S00

1453
1583
1496
1426

No haploid plants were recovered. The frequency of haploid

offspring is probably very low in this species.
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с) Test of Panday's method for radiation induced transfor-

mation ("Poor man's genetic engineering"),

K. Pandey (DSIE, Palmerston North, New Zealand) has shown

that it is possible to restrict the transfer through the male

gamete to certain genes, thus avoiding the need for cumbersome

back-crossing procedures (usually through six to seven

generations) for the incorporation of useful genes. The method

involves pollination with dpnor pollen which has been treated

with a high dose (50-100 krad) of ionizing radiation. The

chromosomes of the male gamete are fragmented ("pulverized") and

later in the course of a "pnAudofertilization" some chromosome

fragments are transferred tt .he egg cell and incorported into

the embryo. K. Pandey has used different Nicotiana species.

Positive results have also been reported by other scientists,

for the same species.

The proposed method offers new perspectives for the im-

provement of crop plants, but there still are many open

questions, e.g. which species are suitable, what is the appro-

priate dose of ionizing radiation, and what is the mechanism of

integration of chromosome segments, the germination of the un-

developed seeds, etc.

The objectives of the study were to test the appropriate

doses, and the applicability to 'other species. As initial

material two lines, W-8 and C-3-1, possessing a great number of

marker genes, were used. More than 4500 crosses were performed

using various doses (from 1,500 to 125,000 rad).

Table 2.2.3 shows that pollination with pollen irradiated

with doses ranging from 3 to 125 krad leads to the formation of

some seeds, all of which were however shrivelled. From 3 krad

to 12.5 krad the number of seeds per fruit tended to decrease,

while it tended to increase on irradiation with 12.5 krad to

125 krad. Microscopic investigations of the shrivelled seeds

showed that they lacked endosperm, but had embryos of a size

comparable to that of the controls.



Table 2.2.3

Fruit and seed set after pollination with irradiated pollen in Capsicum annuum

Variants

Control (fertile)

Control
(male sterile)

1 5OO rad

3 OOO rad*

4 5OO rad*

12 5OO rad*

25 OOO rad*

5O OOO rad*

1OO OOO rad*

125 000 rad*

No. of
fruits

2O

1374

45

5O

62

185

201

212

658

221

Total
no. of
seeds

obtained

3451

О

399

15

11

О

1

12

126

73

Seeds per

Mean no.

172.5±2O.8

О

8.9±5.O

O.3O

O.17

О

4.9xlO~
3

5.7xlO~
2

O.19

О.ЗЗ

fruit

Range

148-2O8

О

1-23

1-3

1-3

О

O-l

O-l

O-2

O-4

Ratio
fruits:seed

O.OO6 :

O.U :

3.3

5.6

185

2O1

17.6

5.2

3.O

1

О

1

1

1

О

1

1

1

1

Expected
total
no. of
seeds

3 451

237 O83

7 764

8 627

1O 698

31 921

34 682

36 580

113 537

38 133

Ratio
exp. no.,

to
obt. no.

1:1

237 O83:O

19:1

575:1

972:1

31 921:O

34 682:1

3 048:1

9Ol:l

522:1

to

*only shrivelled seeds
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A total of 212 seeds was obtained from pollinations with

very high doses (25-125 krad). Some of these seeds were sent to

the Institute of Genetics, Sofia, for germination trials using

in-vitro technique.

Testing of Pandey's method will continue using a second

pollination with normal pollen 0 - 24 h after the pollination

with irradiated pollen.

2.2.4 Chimera structure of non-cereal plants

Induced mutations occur in a rather low frequency and con-

sequently large populations have to be treated. In addition,

the identification of induced mutants is made more difficult by

the fact that the M. plants carry both non-mutated and mutated

tissues, and seeds from the latter category may by chance not be

brought through to the next generation (M_). Such M. plants

are described as chimeras. A better understanding of the

chimeric situation in mutagen-treated material, including the

search for some specific chimeric features, would be expected to

lead to an increase in the recorded mutation frequency.

Compared to cereals rather little is known about dicotyledo-

nous plants, such as legumes, vegetables and oil crops. It was

therefore considered that

a)

b)

more knowledge about chimerism in
and

plants was needed,

the Laboratory should carry out research aimed to provide
information to mutation breeders on selection procedures
which would ensure highest possible mutation frequencies in
various field crops.

The Plant Breeding Group participated actively in a

Consultants' Meeting on Chimerism in Irradiated Dicotyledonous

Plants, held in Vienna in December 1981. The Group has started

some experiments with Capsicum (cf. 2.2.3) and peas. In 1982,

research with flax and sunflower is planned. These four crops

have been chosen because they represent different plant families

with different architecture.



2.2.5 Mutagen treatment service

As in previous years many seed samples have been received

from institutes in Member Countries for S U M ray or fast

neutron treatments. Several reports were received indicating

that these services contributed to the establishment of new im-

proved cultivare.

2.3 Entomology

During 1981 the entomology group at the Laboratory was

active in five fields, namely (1) control or eradication of

tsetse flies by the sterile intact technique (SIT), (2) develop-

ment of diets for mass-rearing hematophagous insects, (3)

control of fruit flies by the SIT, (4) development of genetic

sexing mechanisms in Mediterranean fruit flies, and (5) use of

isotopes in pest management operations. In addition to these

programmes, the Agency has a contractual agreement with the

Government of Nigeria to participate in a co-operative project

to investigate, in the field, the efficacy and cost benefits of

the SIT when used to control or eradicate a riverine species of

tsetse flies. This programme, which began in January 1979, is

divided into two phases. It is designed to reach its goals

within six years. During the pre-eradication phase, which will

last four years, the mass-rearing technology will be established

and detailed ecological investigations will be made in the

proposed release area. During the final two years efforts at

eradication will be applied and evaluated. This project,

designated BICOT, has and will continue to be actively supported

by the Laboratory.

2.3.1 Tsetse fly control or eradication by the sterile insect technique

The control of tsetse flies, which are vectors of blood

parasites of man and animals in much of Central Africa, has for
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many years been attempted with chemical insecticides, habitat

disruption, and the elimination of host animals. Because of the

obvious disadvantages of these traditional methods alternative

control methods have been sought in recent years. One of the

most promising of these is the SIT. Studies to develop the SIT

for controlling tsetse flies have been underway at the Agency's

Seibersdorf Laboratory for more than 10 years, emphasis being on

the difficult problem of mass-rearing this unusual insect. Also

receiving attention are methods to sterilize and release the

insects and to evaluate their field populations under various

ecological conditions.

During 1981 research was conducted to optimize in-vivo

rearing techniques for Glossina palpalis palpalis. the target

species of tsetse flies for the Nigerian project. The flies

feed on live guinea pigs. Conditions were determined whereby

the performance .of 200 females and 50 males held in a newly

designed large "container-type" cage was as good as the

performance of flies in the previously used small cages, which

hold only 20 flies and require much more handling during normal

colony operations. By the latter part of the year this in-vivo

rearing technology had advanced to the fully operational stage

and was transferred in toto to the BICOt programme in Nigeria.

The in-vitro rearing technology, a new concept for rearing

tsetse flies, spearheaded by the Seibersdorf Laboratory, re-

ceived increased attention. In this approach sterilized

slaughter-house blood at a controlled temperature is fed to the

flies through an artificial membrane. Some problems with the

freeze-dried blood now being used were identified, and corrected

by irradiation at 100 krad to kill contaminating micro-

organisms. Sonication was used to produce a more uniform

particle size. Changes were made in the freeze-dry process to

improve the quality of the blood product and to increase the

efficiency of the operation. Deficiencies in the bovine and

porcine bloods, previously used to maintain separate colonies,
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were overcome by using a mixture of both. As a result of these

improvements the in vitro colony numbered almost 25,000 breeding

females by the end of the year and was the largest producing

colonly of its kind in the world. During 1981 about 340,000

puparia of G¿. palpalis palpalis were produced, 32,000 of which

were distributed to BICOT or other research centres while the

rest were used as breeding stock and for experimentation at

Seibersrtorf.

Quantitative analyses of lipids in tne fat of male and fe-

male G¿. palpalis palpalis were used to determine the influence

of different diets on some physiological processes. Comparisons

showed that females fed in vivo on guinea pigs lived longer and

produced more and larger puparia than similar females fed in

vitro on freeze-dried bovine or porcine bloods, these results

were explained by correlation with studies on lipid metabolism,

which showed that the accumulation and utilization of lipids was

impaired in flies fed on freeze-dried blood. Comparison of the

two types of reconstituted dried blood indicated that lipid

metabolism was most abnormal in flies fed on freeza-dried bovine

blood.

In other research, prototypes of a new membrane for feeding

flies in vitro were made and tested. With this design blood is

pumped through enclosed channels in a 2-layered silicone mem-

brane insted of being poured onto a plate covered with a mem-

brane, as was previously done. Protection from ambient air in

the closed system prevents harmful changes in the blood and

thereby prolongs its usefulness.

Efforts were continued to develop more sensitive, more

accurately predictive, and easier tests for evaluating the

quality of insects produced in laboratory colonies. One impor-

tant advance was the development of a mechanical device to sort
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puparia into size classes. Experimentation first correlated

size with weight of puparia and then established the biological

relevance of five different weight classes of puparia. For ex-

ample, females from Class A, the smallest weight class, were

found to be biologically inferior to the others and are, conse-

quently, now routinely discarded. In addition, it was found

that flies maintained under uniform conditions produce puparia

that are remarkably consistenly distributed among the weight

classes. Thus, any deviation from optimal conditions can im-

mediately be detected by the shift in frequency distribution

toward the lower weight classes, and remedial steps can quickly

be taken.

Other quality control procedures were developed to deter-

mine the suitability of each batch of slaughterhouse blood for

use as adult diet in the in vitro colony. Such blood is some-

times contaminated with substances applied to the animal before

slaughter, and these may be harmful to the tsetse flies. Reli-

able criteria have been establsihed, and quality control tests

are now done on every batch of blood before it is accepted for

use in the fly colonies.

The effects of cold storage (10 - 11°C) of puparia on the

viability and vigour of the adults that emerge were determined

for application in SIT programmes where it may be necessary to

delay puparial development in order to synchronize the emergence

of the adults with other events in the programme. It was found

that five consecutive days of cold treatment at any time during

the development period caused no harmful effects, and success-

fully delayed development. However, survival and mating ability

was reduced for males that had been exposed to cold for 10 con-

secutive days before 30 days of age.

In addition to work at Seibersdorf, 30 weeks of technical

assistance was provided to BICOT in 1981 by three laboratory

staff members who travelled to Nigeria.
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2.3.2 Development of artificial diets for hematophagous insects

This programme was begun in 1981 after recruitment of a

consultant for six months from the U.S. Department of Agricul-

ture. The consultant initiated studies at Seibersdorf intended

ultimately to develop a reliable, effective and efficient diet

to replace the blood component in the diet used to rear tsetse

flies.

In efforts to determine the essential components in blood,

flies were fed on combinations of fractions of porcine and

bovine bloods and fractions supplemented with various chemicals.

Quantitative analyses were made on the amino acids and lipids in

these bloods.

It was found that porcine blood is generally nutritionally

superior to bovine blood for tsetse flies and that most of the

essential nutrients are in the red blood cells. Supplementation

of porcine red blood cells with bovine serum albumin or fetal

calf serum produces a very suitable diet. There are quantita-

tive differences between the amino acids in porcine and bovine

blood which are being correlated with the nutritional quality of

the bloods.

2.3.3 Control of fruit flies by the SIT

The programme of technical assistance to Mexico for de-

veloping SIT methods for control of the Mediterranean fruit fly,

Ceratitis capitata. ended in December 1981. During the year

emphasis was on developing a box system for aerial releases of

nedflies. With this system puparia can be incubated and irradi-

ated in the container from which they will eventually be re-

leased. The goal is to reduce handling. A box was designed and

construction of a machine for assembling, filling and closing

the box was arranged. The entire box system is now on site and

undergoing tests in Mexico.
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During the year, nine weeks of technical assistance was

provided to the SIT project in Metapa, Mexico, by two staff

members from Seibersdorf.

2.3.4 Development of genetic sexing in the mediterranean fruit fly

The project to develop a genetic sexing strain of the Medi-

terranean fruit fly Ceratitis caoitata was begun in 1981. The

goal is to develop methods whereby female flies can be systema-

tically eliminated from the production line in a mass-rearing

facility. Such methods could be very beneficial in Integrated

Pest Management programmes involving the Sterile Insect Tech-

nique (SIT) as the principal method of control. For example, if

a genetic sexing mechanism could be developed to eliminate fe-

males in the egg stage, a savings of US$50,000/week for the food

on which the larvae grow could immediately be realized in the

Mexican SIT programme alone. Other benefits would come from

time, space and equipment saved in irradiating and releasing

sterile insects. Marking sterilized insects before release

would be unnecessary since all females captured would have to be

native ones. Finally, by not releasing any females, damage from

sterile stings to agriculture commodities, presently a deterrent

to the use of SIT in the Mediterranean area, would be eliminated.

Preliminary studies were begun in 1981 to select for a re-

sistance mechanism, using high and low temperatures, and in-

secticide treatments on large numbers of eggs, larvae and adults

from the Seibersdorf colony.

2.3.5 Development of insect pest management systems using isotope and

radiation techniques

This programme continSd in 1981 with concentration on the

major rice pest, the brown plant hopper (BPH), Nilaparvata

lutens. The goal was to develop isotope techniques for studying
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the host plant/pest relationships affecting resistance of rice

plant varieties to the various plant hopper biotypes.

Stages of three biotypes of the BPH were obtained from in-

stitutes in Asia and used to start colonies at Seibersdorf.

Also, procedures were developed to rear various varieties of

rice which are used as hosts for colonizing and testing the in-

sects .

Experiments were performed to quantify the susceptibility

of rice varieties to different biotypes of the BPH by measuring

the amount of isotope ingested by insects that were placed on

tagged plants. Both stable (N15) and radioactive isotopes (P32)

were used. Spectrophotometric analysis for N15 and autoradio-

graphic and Geiger-Huller counting for radioisotopes were used

to measure the amount of plant sap ingested. Harked differences

in host preference among males and females were found, the re-

sults were in close agreement with those reported from screening

tests by the common method of comparing external damage to

plants after experimental infestation with BPH. However, the

isotope technique is advantageous for screening rice varieties

because results from a large number of genotypes can be ob-

tained quickly. The technique and results are reported in a

short communication submitted to Entomología Experimentalis et

Applicata.

The application of isotopes to studies of insect host/

parasite relationships was investigated using the braconic wasp,

AscoKaster quadridentatus. an egg parasite of the codling moth,

Laspevresia pomonella. The goal was to tag the wasp in such a

way that its eggs, laid in host eggs, could be readily detected.

Such a procedure would be useful for field surveys to determine

the presence and effectiveness of the parasite. Wasps were

tagged by direct feeding on a solution containing europium

chloride, which was later detected by neutron activation in host

eggs parasitized by the tagged wasps.
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2.4 Aurochemicals and Residues

In 1981 the Agrochemicals and Residues Section of the Joint

FAO/IAEA Division initiated a co-ordinated research contract

programme on pesticides which will require the assistance of the

Agency's Laboratory.

The basic targets of the programme are: (1) to improve the

efficacy of agrochemicals in reducing losses caused by pests;

(2) to increase knowledge on the fate of agrochemicals in the

environment (plants, animals, food}; and (3) to improve utili-

zation of agricultural wastes.

Initial assistance to be provided by the Laboratory will

include the development of simple techniques for pesticide

analysis, and the develcpoment and evaluation of new pesticide

formulations for developing countries. In 1981 a new pesticide

laboratory was set up and equipped. It will start experimental

and analytical work in 1982.

2.5 Medicine

2.5.1 Instrumentation for Developing Countries

In collaboration with the Electronics and Measurement

Section of the Agency's Laboratory, tests were performed on 10

developmental model commercial automatic well scintillation

counters that had been manufactured to the Agency's design (see

report for 1980), and minor modifications were introduced prior

to their shipment to users in the field in connection with Re-

search Contract or technical Co-operation programmes in 8 Member

States (Cuba, India, Mali, Mexico, Nigeria, Panama, Peru and

Poland). These counters offer a number of advantages as com-

pared with other commercially available models, particularly in

having a very high performance/price ratio and in being rela-

tively easy to maintain and repair.
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The software for these systems, which provides supervision

of the measurement process by the counter for either on-line or

off-line data analysis, was revised and documented [1].

2.5.2 Activation Analysis

2.5.2.1 Co-ordinated research programmes

The laboratory continued to provide services in support of

three co-ordinated research programmes: CRP(l) on comparative

methods for the study of trace elements in human nutrition,

CRP<2) on nuclear methods in health-related monitoring of trace

element pollutants, and CRPO) on health-related environmental

research using nuclear techniques. Table 2.5.1.1 (columns 2-4)

shows the number of such contracts and agreements active during

1981 in various Member States. The services provided consisted

mainly in the provision of intercomparison and reference

materials which had been specially prepared by the Laboratory

for the purposes of these programmes (see also Section 3.2.2)

and which were not otherwise available from any other source. A

staff member of the Laboratory also served as responsible pro-

ject officer for one of these programmes [C&P(1>].

2.5.2.2 Trace elements in milk

The composition of human milk has still not been fully

elucidated, particularly in respect of some of the less common

(but still essential) nutrients such as minor and trace ele-

ments. This is now the subject of the joint research programme

with the World Health Organization.

During 1981 the Laboratory continued to act as a receiving

and distributing centre for specimens of milk collected under

INTERNATIONAL ATOMIC ENERGY AGENCY, Programs for data processing in
radioimmunoassay using the HP-41C programmable calculator,
IAEA-TECDOC-252, IAEA, Vienna (1981).



- 33 -

this programme and to be in overall charge of the analytical

quality control of such measurements. Table 2.5.2.2 (column S)

identifies the countries in which the WHO collection centres are

located; these centres also undertake some analyses and report

their results to the Agency.

Specimens were received during 1981 from the collection

centres in Guatemala, Nigeria, Sweden and Zaire, bringing the

total number to about 400. Bach specimen was processed in the

laboratory in preparation for the determination of a total of 24

minor and trace elements. Of these, 8 elements are determined

in the Agency's Laboratory and the remaining 16 in selected la-

boratories participating in CRP(l) (see Section 2.5.2.1 above).

A computer file of the results obtained was started, which con-

tained about 1600 results at the end of 1981. The remaining

analyses and the evaluation of the results, are expected to be

completed by the end of 1982.

2.5.2.3 Biological monitoring of cadmium in kidney

Contamination of the human environment with toxic heavy

metals is now reaching levels that are beginning to cause con-

cern in several countries, and a number of different analytical

programmes have been started to monitor the levels of these

metals in human tissues.

In connection with a WHO/UNEP programme on the assessment

of human exposure to cadmium and lead by biological monitoring,

with participants in Belgium, India, Iran, Israel, Japan,

Mexico, People's Republic of China, Peru, USA and Yugoslavia,

the Laboratory undertook a series of analyses of quality control

specimens provided by the co-ordinating institute in Sweden, and

also arranged for their analysis in two other advanced acti-

vation analysis laboratories, at Jülich (FRG) and Delft (Nether-

lands). A total of 23 such quality control specimens, all pre-

pared from dried horse kidney, were studied, with results that

established satisfactory agreement between neutron activation
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Table 2.5.2.2

Participation during 1981 in co-ordinated research programmes related to
medical problems.

Member State

Austria
Bangladesh
Brazil
Bulgaria
Canada
Chile
Egypt
Finland
German Dem*. Republic
Germany, Fed. Rep. of
Greece
Guatemala
Hungary
India
Indonesia
Iran
Italy
Japan
Korea
Malaysia
Netherlands
New Zealand
Nigeria
Pakistan
Philippines
Singapore
Sudan
Sweden
Thailand
Turkey
UK
USA
USSR
Yugoslavia
Zaire

Totals

CRP(1>

1

1

2

2

1 .
1

1

1

1
1
1

2

15

Programme

CRP(2)

1

1
1
1

1

1
1
1

1

1

1

1

1

13

(see text)

CRP(3)

1

1
1

1
1
1

1

1

1

1

10

WHO
(milk)

1
1

1

1

1

1

6
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Table 2.5.2.3

Cadmium concentrations in different samples of horse kidney
cortex (ug Cd/g dry weight) and ratio between analysis at the
Coordinating Institute (CD and reference laboratories

NO.

10
34
79
81
82

112
117
139
147
158
189
190
196
198
210
244
252
287
310
356
361
368
389

Neutron

IAEA

9
33
79
74
84
103
97
146
143
153
178
164
158
193
209
192
250
244
310
306
332
365
382

Jülich

63
68
73

101
130

178
167
173

182
212
214
233

290
331

Activation (NA)

Delft

110

180
178

229
245

. TRC*

10
32
76
87
93
121
131
150
134
169
212
189
193
172
232
260
276
307
284
355
391
376
397

Mean

10
33
73
76
83
112
110
142
139
161
187
175
175
183
208
223
246
261
297
331
362
344
370

Ratio Cl/Sef lab

CI/Mean(NA) CI/IAEA

1.00
1.03
1.08
1.07
0.99
1.00
1.06
0.98
1.06
0.98
1.01
1.09
1.12
1.08
1.01
1.09
1.02
1.10
1.04
1.08
1.00
1.07
1.05

Mean 1.04 Mean
S.E. 0.009 S.E.

1.11
1.03
1.00
1.09
0.98
1.09
1.21
0.95
1.03
1.03
1.06
1.16
1.24
1.03
1.00
1.27
1.01
1.18
1.00
1.16
1.09
1.01
1.02

1.08
0.018

* Technical Research Centre, Stockholm



- 36 -

analysis (considered in this context to be the reference method)

and atomic absorption spectroscopy (which was the method used by

all the participants in the WHO/UNEP programme). Some details

of the results obtained are given in Table 2.5.2.3.

2.6 Radiation dosimetrv

The major activities in radiation dosimetry were the com-

pletion of the irradiation facilities in the Laboratory and

three postal thermoluminescence dosimeter comparisons in co-

operation with the World Health Organization (WHO) and the

Secondary Standard Dosimetry Laboratory (SSDL) Network. Other

activities included the completion of the Friclce dosimetry

intercomparison organized by the International Office of Weights

and Measures, and evaluation of thermoluminescent dosimeters

irradiated by electrons.

2.6.1 Completion of the Dosimetry Laboratory Facilities

The Ageucy's Dosimetry Laboratory serves as the central and

model laboratory in the SSDL Network that was formed with the

help of the IAEA and the WHO. These laboratories, which are

mainly in developing countries, were established to provide

calibration for radiotherapy institutes, and other users of

ionizing radiation. There are 45 SSDLs in the Network but some

20 of these are not yet completed. The move from the old Agency

headquarters in the Karntner Ring to the new wing in the

Seibersdorf laboratory gave the opportunity to redesign the ir-

radiation facilities of the central installation. The objective

in the new design was to combine high standards of precision

with low cost, using construction methods and materials suitable

for SSDLs in developing countries. The new irradiation facili-

ties consist of 2 bunkers each 4m wide and llm long with a
2

common control room (24 a ). The one bunker contains a 40 TBq

(ca. 1100 curie) 60Co teletherapy unit, the other a 320 kV

(Seifert) and a 250 kV (Siemens) X-ray generator. The major
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design innovation is the calibration cart-rail system. This

system allows positioning of ion chambers and other dosimeters

in air or in water with an uncertainty of less than 1 mm in any

direction along the 9 m length of the Co or X-ray beams.

The carts (2m x lm x 0.6m) are constructed of channel iron and

are supported on the rails by roller bearings. The rails are

cylindrical steel rods (4.5 cm diameter) supported by channels

below floor level running the length of the bunker, with 1.2m

between centres. Dosimeters and the water phantom are mounted

on independent trays which are supported on the frame of the

cart by linear bearing sets. Positioning in the beam is done

with lasers parallel and perpendicular to the beam axis. The

cost of the components of one cart-rail system (with the frame

of the cart assembled) including lasers is $15,000. New fast

acting shutters were also designed and constructed for both

X-ray units. A report describing in detail the facilities and

operations of the dosimetry laboratory is being prepared and

will be published by the IAEA.

2.6.2 Thennoluminescent dosimetry

The major aim of the dosimetry laboratory, to improve the

accuracy and consistency in dosimetry in radiotherapy centres,

is pursued by two methods. One is the support given to labora-

tories in the SSDL Network in the form of designing and supply-

ing equipment, in visits to SSOLs by the Agency's laboratory

staff, and the organizing of intercomparisons between SSDLs.

The other is a postal dose service for radiotherapy institutes

using thermoluminescent dosimeters which is carried out in co-

operation with the WHO. In this service, which was started 15

years ago, sets of theraoluminescent dosimeters are prepared by

the dosimetry laboratory and sent to radiotherapy institutes by

the WHO 2-3 times per year. The institutes are asked to irradi-

ate the dosimeters to a dose of 2 Gy (200 rad) which is compar-

able to doses given in radiotherapy. The dosimeters are then

returned to the IAEA and the dose received is measured by com-

paring the thermoluminescent signal from the radiotherapy insti-
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tutes* samples with samples calibrated by the dosimetry labora-

tory. The method has been described in detail [1,2]. As a

check on the accuracy of the IAEA measurements a set of dosi-

meters in each series or batch is also irradiated by the Natio-

nal Physical Laboratory in England.

This year two batches, No. 26 and 27 in the series, were

evaluated. The first was distributed to hospitals in countries

mainly in the Eastern Mediterranean and South East Asia, the

second to hospitals in Latin America. The results are shown in

Table 2.6.2.1.

In radiotherapy an error as small as 5% in the dose given

in cancer treatment may affect the chances of recovery. Thus a

high standard of accuracy is required and in straightforward

irradiations such as those of the thermoluminescence dosimeters

the error should certainly be less than 3%, and the maximum

acceptable is 5%. As can be seen there is much improvement

needed, particularly in the institutes in Latin America.

The results of an intercomparison among 22 members of the

SSDL Network organized and carried out by the dosimetry labora-

tory are shown in Table 2.6.2.2. The method used was exactly

the same as in the postal service for radiotherapy institutes.

The accuracy of the Agency's postal dose TLD method is

estimated to be within + 1.6% (2) and this is supported by this

intercomparison. The average of the absolute differences (with-

out regard to sign) between the SSDL quoted values and those

obtained by the dosimetry laboratory was 1.6% with a standard

deviation of + 1.3%. The average of the arithmetic values was

1.0%. Further details are given in [3].

[1] H.H.Eisenlohr and S. Jayaraman, Phys.Med.Biol. 22. 18 (1977)

[2] B.E.Bjarngard, K.R. Kase, B.-I.Rudtn, P.J.Biggs, A.L.Boyer
and K.A.Johansson, Med.Phys. 1 560 (1980)

[3] A.W. Boyd, H.H.Eisenlohr and R.Girzikowsky, Med.Phys. 9 112
(1982)
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Table 2.6.2.1

Deviations between the IAEA, measured dose and the dose quoted by partici-

pants in the 26th and 27th IAEA/WHO postal dose intercomparison for

СобО у -rays.

Deviation

3
5

*

3
to
to
10

5
10

No. of Hospitals
26th Batch

28
9
6
4

27th Batch

23
5
13
2

26th

60
19
13
8

% of
Batch

total
27th Batch

54
12
30
4

(Deviations between the IAEA and the NPL were 0.4% and 0.1%).

Table 2.6.2.2

Deviations between the IAEA measured dose and the dose quoted by partici-

pants in the 1st IAEA/WHO postal dose intercomparison for SSDLs for

СобО Y-rays.

Deviation No. of SSDLs % of Total

2

2 to 3
3 to 5
10

16
3
3
0

73

13.5
13.5
0



Sixteen eete of TLDs irradiated with electrons at the Joint

Center for Radiation Therapy and the Massachusetts General

Hospital in Boston were evaluated. The ratio of the dose

measured by the Agency to the dose measured in Boston (using ion

chambers) varied from 0.97 to 0.87 and showed a decrease with

increasing electron energy over the range 3.6 to 16 MeV. These

values show the difference between the response of the TLDs to

electrons and Co60, as the Agency's values were based on Co60

calibrations of the TLDs. This work will be continued.

2.6.3 International Fricke Dosimetry Intercomparison

In addition to organizing its own intercomparisons the

Dosimetry Laboratory participates in those organized by others

and this year it took part in a Fricke Dosimetry intercomparison

of the International Office of Weights and Measures (BIPM).

The Fricke dosimeter is an aqueous solution of acidified

ferrous ammonium sulphate. When this is exposed to ionizing

radiation the ferrous ions are oxidized to ferric ions by the

species formed in the radiolysis of water. The amount of ferric

ion formed per unit dose is well known and is constant over a

wide range of doses and dose rates for X-rays and electrons.

The uncertainties in using these solutions in postal dose

intercomparisons are less than those in using TLD but the time

required for preparation and evaluation is much greater. It is

thus suitable for intercomparisons between primary standards

laboratories.

In this intercomparison in which б laboratories partici-

pated samples were prepared by the various laboratories and sent

to the BIPM in Paris. These were irradiated and then sent back

to the laboratories for evaluation.
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The results in Figure 2.6.3.1 (taken from [ID show the

precision and consistency that can be obtained with this method.

Fig. 2.6.3.1

Comparison of Fricke chemical dosimetry systems

105

too

—

-

-

0
0

*

*

— е е

0

о»

• * • * " * " • * * •

D absorbed dose to water measured by the Fricke dosimeters

BIPM

irradiated at BIPM.

absorbed dose to water calculated by the BIPM from absorbed

dose to graphite.

The dashed lines are the means of the results as given by

the participants, the dotted lines are the means readjusted by

using a common set of constants.

e National Institute of Radiation Protection, Sweden

О IAEA.

* Laboratoire de Metrologie des Rayonnements lonisants,

Saclay, France

о National Bureau of Standards, USA

m. National Institute of Radiological Sciences, Japan

J¿ National Physical Laboratory, England

[1] Comité' Consultatif pour les etalons de mesure des rayonnements
ionisants, Section I. Rayons X et gamma, electrons, 6* Reunion,
1981.
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2.7 Electronics

2.7.1 Testing of commercial equipment

The Division of Technical Co-operation of the Agency is

responsible for the purchase of nuclear electronic equipment for

developing countries, for research contracts or training

courses. It sometimes happens that equipment of a little-known

make is offered at prices well below normal market prices. In

such a case the Electronics and Measurement Laboratory tests the

equipment and gives an expert opinion about its performance. In

1981 the following equipment was tested:

- Two germanium Y-detectors with cryostats and preampli-

fiers. After small changes were made in the liquid nitrogen

feeding mechanism the detectors were found as good as other

commercial products.

- One soil moisture gauge. A minor improvement was made to

the battery holder. To remove long-term instabilities some

electronic components were replaced. Field tests were made,

showing that the instrument now works well and that its purchase

can be recommended.

- One Y-spectrometer consisting of an intrinsic germanium Y-

detector with electronics and multichannel analyzer. The

multichannel analyzer and its peripherals (floppy disc and

printer) were controlled by a programmable desk calculator. The

various parts of this instrument were standard products of

different well-known firms, but the system had been assembled by

a small firm in Vienna. The hardware of the system was working

satisfactorily but the software was poor and was improved.

- Tests were performed on ten production models of an

automatic well scintillation counter that had been manufactured

to the Agency's design (see Annual Report for 1980), and minor

modifications were made before they were sent to users in the
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field (in connection with Technical Co-operation programes in

Member States). The software for these systems, which provides

supervision о .' the measurement process with either on-line or

off-line data analysis, was revised and documented [1].

2.8 Mineral analysis

Analytical services were again provided to the Agency's

Member States and to other sections of the Agency.

Mineral samples, mainly arising out of the prospection for

uranium under technical co-operation projects, were analysed for

the following countries: Austria, Colombia, Greece, Lesotho,

Morocco, and Tunisia. Most countries, however, which have in

the past sent large numbers of samples for analysis, have by now

been able, frequently with the assistance of the Agency, to set

up their own laboratories for this purpose, so that the emphasis

is no longer put on service analysis of routine samples but on

analysis for intercalibration purposes and on advice with

special analytical problems.

2.9 Hydrology

2.9.1 Analytical services

Analytical services provided by the laboratory are predomi-

nantly in support cf field projects in Member States carried out

in the framework of Technical Co-operation'programmes, research

contracts, and as a subcontractor to other organizations of the

United Nations system in the execution of large scale UNDP pro-

[1] International Atomic Energy Agency, Programs for Data

Processing in Radioimmunoassay' Using the HP-41C

Programmable Calculator. IAEA-TEDOC-2-52, IAEA, Vienna

(1981).
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jects. Typical problems to which isotope techniques are applied

are the origin and recharge of groundwater, interaction between

aquifers, and relations between surface and groundwater.

Analyzed were samples from field projects in the following

countries: Libya, Niger, Cyprus, Mali, Paraguay, Mexico, Thai-

land, Malaysia, Indonesia, Republic of Korea, Argentina, Turkey,

Sudan, Senegal, Bolivia, Chile.

Table 2.9.1 illustrates the number of water samples ana-

lyzed for tritium, radiocarbon, stable isotopes and main chemi-

cal components during the last four years.

2.9.2 Development of analytical facilities

- New Varían MAT 250 Mass Spectrometer.

The installation of the spectrometer has been completed at

the beginning of February 1981. Tests and calibration have

shown satisfactory reproducibility. The routine operation of

the spectrometer started in March 1981.

The automatic sample preparation line for the determination

of 018/016 ratios has been reconstructed. It will be connected

to the MAT 250 Spectrometer for the automatic measurement of 48

samples per day. This required designing an interface and

revising the program which controls the spectrometer. This work

will be completed in early 1982.

- Micromass 602 Spectrometer

A new microcomputer has been designed and constructed for

on-line operation with the Micromass Spectrometer. Its function

is on-line computation of reading data, comparison with

standards, corrections etc. resulting in the printing of the

final D. The on-line microcomputer gives quicker results,

saves the time of a technician, and reduces errors connected

with the manual entry of data.
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- Electrolytic enrichment of tritium

A modified version of the instrument which controls the

electrolysis process has been constructed, using microprocessor

technology.

- Gas counters - data storage

Construction of four data loggers with magnetic tape

casettes has been started for recording measurement data from

proportional gas counters.

Table 2.9.1

Number of water samples analyzed

1978 1979 1980 1981

Tritium
Radiocarbon
018/016

D/H
Chemical analysis

664
24

1765
1814
1300

473
19

1493
1095
670

550
85
943
821

1949

788
98

946
1264
1600

Lower figures for 1979 are due to moving to the VIC.

2.10 Advisory services and missions

In 1981 the laboratory provided Technical Officers for 19

technical co-operation projects in 15 developing Member States.

A list of projects handled by laboratory staff is given in Table

2.10. The Technical Officer is responsible for advising on the

scientific and technical merits of a project, for the selection

of experts, equipment, advice on fellowships, and continued co-

operation with the project manager until the latter's final

report is approved at the termination of the project.
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A laboratory staff member went en an expert mission to

Colombia to help to start analytical work at the recently

constructed geochemical institute of the Instituto de Asuntos

Nucleares (in Bogota).

A staff member took part, as member of IUPAC Commission

1.4, on Physicochemical Measurements and Standards, in the 31st

General Assembly of IUPAC in Leuven, Belgium, 25 August to 2

September 1981.
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Table 2.10

Technical co-operation projects handled by laboratory staff

Project

CUB/5/005

ALG/8/002

ARG/2/005

8GO/8/003

MLI/8/002

NEK/8/003

ZAI/8/005

CYP/8/002

NER/8/002

BRA/8/019

JOR/8/002

CHI/8/009

ICE/8/003

PAR/8/002

MEX/5/009

EGY/5/011

MLI/3/004

ARG/4/008

BGD/2/005

Country

Cuba

Algeria

Algeria

Bangladesh

Mali

Niger

Zaire

Cyprus

Niger

Brasil

Jordan

Chile

Iceland

Paraguay

Mexico

Egypt

Mali

Argentina

Bangladesh

Title

Nuclear techniques in
utilization of fertilizers
and water

Radioisotopes in hydrology

Nuclear analytical methods

Groundwater hydrology

Radioisotopes in hydrology

Radioisotopes in hydrology

Radioisotopes in hydrology

Radioisótopos in hydrology

Radioisotopes in hydrology

Isotopes in hydrology

Radioisotopes in hydrology

Radioisotopes in hydrology

Radioactive logging

Radioisotope investigation
in Pilcamaya river basin

Medfly control

Mediterranean fruit-fly
control

Uranium analysis labora-
tory

Fuel elements

Chemical analysis

Duration

1980-1981

1981-

1978-1981

1981-

1979-

1981-

1981-

1979-1981

1980-1981

1981-

1977-

1979-1981

1980-1981

1980-1981

1980-

1981-

1981-

1977-1981

1978-1981
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3. SUPPORT TO LABORATORIES IN MEMBER STATES USING ADVANCED

ANALYTICAL TECHNIQUES

3.1 Analytical quality control services - Introduction

The Agency's Laboratory has been distributing calibrated

radioisotope solutions, reference materials and intercomparison

materials for two decades [1,2,3]. The purpose of this activity

has been to help laboratories in its Member states to assess

and, if necessary, to improve the reliability of their analyti-

cal work in the field of nuclear technology and of isotope

utilization. Such a control is necessary since results of

analysis may be the basis upon which economic, medical or legal

decisions are taken; they must, therefore, be documented to be

sufficiently reliable.

Reliability of results is a function of precision (repro-

ducibility) and of accuracy. The precision of results can easily

be determined by internal measures. The determination of

accuracy, however, in most cases requires more detailed proce-

dures, such as:

- Analysis to be carried out by many different methods,

analysts and instruments. In cases where agreement is good,

results are assumed to be accurate.

[1] 0. Suschny, R. Dybczynski and A. Tusavul, "The analytical
quality control programme of the International Atomic
Energy Agency", IAEA/RL/38, 1976 and Environment Inter-
national 1, 19-30, 1978.

[2] 0. Suschny, R. Dybczynski and A. Tusavul, "Quality control
in low-level radionuclide analysis. Results of recent
intercomparisons and programmes for 1979/80 of the Inter-
national Atomic Energy Agency", Environment International
3., 377-383, 1980.

[3] 0. Suschny, "The IAEA's progr
control", IAEA/SL/70, 1980.

in analytical quality
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- Analysis to be supplemented by control analysis of

reference materials of certified qualitative and quantitative

compositions which should be similar to that of the original

materials. Agreement between certified and observed values is

then a direct measure of accuracy for the particular type of

analysis.

- Participation in interlaboratory comparisons. Samples

used in such intercomparisons should, as £ar as is possible, be

similar in composition and concentration to the samples which

are analysed routinely. The agreement of results from a

particular laboratory with the most probable value obtained from

a statistical evaluation of all results is a measure of the

accuracy for the type of analysis concerned.

For practical reasons, most analytical laboratories are not

in a posistion to check accuracy internally since resources are

frequently available only for one method, certified reference

materials may net be available at all for the analysis con-

cerned, and intercomparisons are organized rather seldom and do

not cover all analytical problems. For all these reasons the

Agency is providing analytical quality control services in the

following areas:

- nuclear materials (including uranium and thorium ores and

stable isotope standards),

- environmental materials <air filters loaded with radio-

active or stable contaminants of air; water samples

containing similar contaminants as solutes; soil and

sediment samples),

- animal and plant materials,

- materials for biomedical studies,

- marine materials.
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Some of these materials are radioactive or contain radio-

active contaminants, usually at very low concentrations. Others

which are not radioactive originally, may serve for analysis,

e.g. by neutron activation, in the course of which radioactivity

is induced in them.

Samples for use in intercomparisons are prepared from

materials which have undergone one of the following preliminary

treatments:

- homogenization (including sieving, drying, and rolling,

as necessary),

- spiking followed by homogenisation,

- homogenization followed by analysis to determine nuclides

or elements of interest and the general composition of the

sample.

All materials are checked for their homogeneity, usually by

repeated determination of elements of interest in sub-samples

taken from several containers, frequently also by determinations

using neutron activation, atomic absorption, or X-ray

fluorescence analysis, of various elements in them. Many of

these materials are first used in intercomparisons. When the

results obtained thereby are sufficiently consistent, the in-

vestigated materials may afterwards be used as reference

materials.

3.2 Trace elements

3.2.1 Environmental and biological materials

Several intercomparisons of trace element determinations in

different materials were under execution in 1981. Some of these

had been started in that year, others already a year earlier.

None, however, were completed in 1981 and no report was issued.
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The following intercomparisons were underway:

- Determination of trace elements in rye flour (V-8),

- Determination of trace elements in water (W-3/1),

- Determination of trace elements in simulated air filters

(Air-3/1),

- Determination of trace elements in cotton cellulose (V-9),

- Determination of trace elements in freeze-dried animal

blood (A-13),

- Determination of trace elements in animal bone (H-5).

Host of these will be completed and reported on in 1982.

An additional report on milk powder sample A-11 was pre-

sented at the Conference on Modern Trends in Neutron Activation

Analysis (Toronto, 15-19 June, 1981} and subsequently published

in J. Radioanalytical Chem. [1].

The following reference materials for trace element deter-

minations were available in 1981 (EM ж reference material, СЕМ *

certified reference material):

Air-3/1

Soil-5

SL-1

A-11

V-5

V-8

H-4

MA-A-1

MA-M-2

Simulated deposition on air fi

Soil

Lake sediment

Milk powder

Wheat flour

Rye flour

Muscle

Dried copepoda

Homogenized fish flesh

lter CSM

CRM

СЕМ

EM

EH

EM

CRM

RM

RM

[1] 0. Suschny, R. Dybczynski and A. Veglia, "Comparison of
neutron activation analysis with other analytical
techniques for the determination of inorganic constituents
of milk powder", J. Radioanal. Chem. 69, 149-157, 1981.



н & £» м

Table 3.1

Summary of results of the intercomparison W-l/2, 198O

RADIONUCLIDES DETERMINED

Unit

True value

. lab. averages
No. reported: ^

 d e t e r m i n a t i o n s

, lab. averages
No. accepted: .^

 d e t e r m i n a t i o n s

Tot. range of .lab. averages

Range of ace. lab. averages

% of outlying laboratories

% of labs with the R-value > 1

% of labs with no R-value

Overall mean of ace. lab. averages

Standard ± abs
deviation ± rei.%

Standard . ± abs
error

 (S
-

E
-' ± rel.%

Deviation of the overall diff.

mean from the true value rel.%

Conf. limits for mean of popu-
lation for probability level .95

Ce-144

pCi/1

5.58O

13
41

9
28

4.15O-564.8OO

4.15О- 6.55O

31

31

38

5.692

0.853
15.0

0.284
5.0

0.112
2.0

5.О36- 6.347

Cs-137

pCi/1

1.72O

22
74

16
57

O.82O-184.OOO

О.820- З.ОЗЗ

27

23

50

1.881

0.562
29.9

0.14О
7.5

0.161
9.4

1.582- 2.181

Н-3

nCi/1

2.33O

24
113

22
101

1.OOO-3.167

1.865-2.725

8

33

4

2.34O

0.213
9.1

0.045
1.9

О. OÍ О
0.4

2.245-2.434

Ru-106

pCi/1

2.880

8
27

6
19

O.8OO-5O.5OO

О.8ОО- 6.15O

25

38

5О

3.400

1.816
53.4

0.741
21.3

0.520
18.0

1.493- 5.306

(Л

м



Table 3.1 (cont'd)
t

Summary of results of the intercomparison W-l/2, 1980

RADIONUCLIDES DETERMINED

unit

True value

. . lab. averages
No. reported: . . . . . . .

* Ind. determinations

. . lab. averages
No. accepted: . , , . . ..

ind. determinations

Tot. range of lab. averages

Range of ace. lab. averages

% of outlying laboratories

% of labs with the R-value > 1

% of labs with no R-value

Overall mean of ace. lab. averages

Standard . . ± abs
deviation

 IS
""*

1
 ± rel.%

Standard ± abs
error

 t S > E
-' ± rel.%

Deviation of the overall diff.
mean from the true value rel.%

Conf. limits for mean of popu-
lation for probability level .95

Sr-89

pCi/1

2.54O

6
25

4
2O

2.2ЭЗ-6О.ООО

2.233- 6.175

33

5O

17

4.142

1.9O5
46.0

O.953
23.0

1.6O2
63.1

1.111- 7.173

Sr-9O

pCi/1

4.15O

22
96

16
72

0.597-37.40O

4.15О- 6.167

27

55

14

5.O79

O.595
11.7

0.149
2.9

O.929 '
22.4

4.762- 5.369

У-91

PCi/1

5.7OO

2
7

2
7

6.O73-8.90O

6.O73-8.9OO

О

0

5O

7.487

1.999
26.7

1.413
18.9

1.787
31.3

-Ю.471-25.445

Zr-95

pCi/1

6.380

11
39

1O
34

3.350-578.400

3.35O- 23.85O

9

45

45

11.413

7.252
63,5

2.293
2O.1

5.ОЗЗ
78.9

6.226- 16.6O1

I
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3.2.2 Materials for biomedical studies

A variety of intercomparison and reference materials,

developed originally in support of the coordinated research

programmes referred to in section 2.5.2.1, were also made

available under the Laboratory's Analytical Quality Control

Services Programme. A breakdown of the number of services

provided, representing a 43% increase as compared with 1980, is

given in Table 3.2.2. Only the more important of these are

discussed below. All of them refer to analytical quality

control materials for which a substantial demand has been found

to exist in the Agency's Member States, and which are not

available from any other source.

- Animal bone, H-5.

the preparation of this material, referred to in the

previous annual report, was completed in 1981, and 20 g aliquots

were distributed to 145 laboratories. By the end of the year,

53 laboratories had reported their results, on the basis of

which it was possible to assign preliminary certified values to

7 minor elements, Ca, Cl, K, Mg, Mn, P, and S, and 6 trace ele-

ments, Br, Cr, Fe, Pb, Sr, and Zn. A more detailed evaluation,

incorporating additional results, is expected to be completed in

1982. It is noteworthy that H-5 appears to be much more diffi-

cult to analyse than most of the Agency's other materials for

biomedical studies, probably on account of the matrix effects

introduced by the high levels of calcium and phosphorus. Thus,

for example, certification of Cu and Se, for which relatively

good results are usually obtained in similar intercomparisons,

was not possible for this material.

- Human hair, HH-1

Certification of this material, first described in the

previous amual report, was completed and a report on it was
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presented at an international conference [1]. An overview of

the results obtained is given in Table 3.2.2.2. Л more detailed

report, incorporating new data, is expected to be completed

during 1982. Interest in this material remains high, but

unfortunately the original stock has now been exhausted. For

this reason it is planned to prepare a new stock, probably with

the help of an outside laboratory, starting in 1983.

- Horse kidney, H-8

Arising out of the WHO/UNBP programme o
a
n biological

monitoring, in which the Laboratory has served as a reference

centre (see Section 2.5.2.3), the need became apparent for a new

international reference material for use in connection with the

determination of cadmium in human kidney cortex. Horse kidney

is a suitable quality control material for this purpose since

the concentration of Cd is similar to that of adult human kidney

cortex (i.e. ~ 20 mg Cd/kg wet weight). With the assistance of

the National Institue of Environmental Medicine and the

Karolinksa Institute, Stockholm, Sweden, approximately 100 kg of

fresh horse kidney was obtained which was processed in the

Laboratory yielding about 6 kg of the final product; this was in

the form of a dry powder with a particle size of 4 125 ¡m. It

will be issued in 1982 as an IAEA intercomparison material with

particular reference to cadmium, but also in respect of other

biologically important trace elements. Preliminary measure-

ments, both in Stockholm and in Seibersdorf. indicate very good

homogeneity for cadmium as well as a concentration of the right

magnitude ( -200 mg Cd/kg dry weight).

[1] M'BAKU SB, PARR RM: Interlaboratory Study of Trace and
Other Elements in the IAEA Powdered Human Hair Reference
Material, HH-1; Paper presented at the 6th International
Conference on Modern Trends in Activation Analysis,
Toronto, June 1981, and published in J. Radioanal. Chea. 69
(1982) 171-180.
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Table 3.2.2

Distribution of analytical quality control services for
biomedical studies during 1981.

Umber State H-4 H-5
Material*

H-6 V-5 HH-1 Totals
Austria
Bangladesh
Belgium

Brazil
Bulgaria
Canada
Chile
Czechoslovakia
Denmark
Egypt
Finland
Prance
German Dem. Republic
Germany, Fed. Rep. of
Greece
Hungary
India
Indonesia
Iran
Iraq

Israel
Italy
Japan
Kenya
Korea
Netherlands
New Zealand
Norway
Pakistan
Philippines
Poland
Romania
Singapore
South Africa
Sweden
Switzerland
Thailand
Turkey
UK
Uruguay
USA
USSR
Yugoslavia
Zaire

Totals

1
2
2
1

1
1
2

1

1

1

2

1

r-i

2
2
1
2
1

25

2

3
3
6
8
1
3
4

4
2
3
11
1
2
6
3
3

1
2
7

1
9
1
2
2

5

1
7
1
1
2
10

21
3
4

145

1
1
1

1

1

1

1

1

1
1

10

1

1

1

1

1

1

1

1

2

10

3
1
1
1

4
1
1
1

3
1
5

1
1
1

1

1
7
1
1
6
2
1
1
1
3
1
1
1

1

3

12
3
2
1

75

6
1
7
7
9
13
2
4
6
1
6
5
4
18
1
4
7
5
3
1
2
4
15
1
2
18
3
3
5
1
10
1
1
2
8
1
3
6
15
1
38
8
6
1

265

* H-4 animal muscle; H-5 animal bone; H-6 human blood serum (stock
now exhausted); V-5 wheat flour (stock almost exhausted); HH-1
human hair (stock now exhausted).
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Table 3.2.2.2

HH-1 human hair: overview of results for all elements for which
certified values could be derived.

Ele-
ment

As
Au
Br
Ca
Cd
Cl
Co-
Cr
Cu
Fe
H

S

Ms
НП
Na
Pb

s
Sb
Se
Sr
Zn

No. of
significant
lab.means

25
13
20
23
29
13
33
24
55
48
50
8

22
13
31
7

15
18
6

63

No. of
out-
liers

9
1
0
3
7
2
2
4
4
4

12
0
1
0

' 6
0

5
4
0
6

X*
mg/ks

0.053
0.025
4.16
522

0.26
2270
5.97
0.27
10.2
23.7
1.70

62
0.85
12.6
2.73

49000
0.031
0.35
0.82
174

Relative
error**

%

16
28
23
14
23
14
7

29
9

13
5

13
13
23
21
29
23
7

20
5

Type of
value***

L
L
L
H
L
H
H
L
H
H
H
L
H
L
L
L
L
H
L
H

* x * overall mean of accepted laboratory means.

** If this value is denoted by e, then 95% confidence interval
for x is x.dOO + e)/100.

*** H * higher degree; L * lower degree of confidence.
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3.3 Radionuclides

The following intercomparisons of radionuclide determina-

tion were completed and reported on in 1981:

- Determination of Sr89 and Csl37 in liquid milk (A-9/1);

- Determination of selected radionuclides in fresh water
(W-l/2).

In addition, the following intercomparisons were underway:

- Determination of Sr90, Csl37, Sa226, and Pu239 in animal
bone (A-12);

- Determination of transuranic elements in a marine
sediment (SD-N-1).

The following reference materials for radionuclide analysis

were available in 1981:

- Air-1/1 Simulated deposition on air filters RM
(Sr90, Csl37, HnS4, Pu239).

- F-l Feldspar (U,K) RM
- A-7 Milk powder <Sc90, Csl37, Na, K, Ca, Sr) RH
- G-l Gamma ray spectra (various)

3.3.1 Determination of radionuclides in liquid milk (A-9/1)[1]

The two intercomparisons which were reported on this year

were both executed on artificially spiked samples. In the case

of the milk sample, the spike was provided in the form of an

ampoule containing 4 ml of radionuclide solution calibrated to

provide, after dilution into 5 1 of milk, a concentration of 1

nCi/1 of each of the three radionuclides (Sr89, Sr90, and

Csl37). To prevent losses by adsorption the original solution

was prepared in 1 N HNO and provided with carriers. Partici-

pants were instructed to dilute in two steps, first into 100 ml

distilled water and then into milk (to reduce acidity and pre-

vent coagulation).

[1] A. Veglia, S. Dybczynski and 0. Suschny, "Report on inter-
comparison run A-9/1 for the determination of Sr89, Sc90
and Cel37 in liquid milk (1979-1980)", IAEA/RL/77, 1981.



- 59 -

Analytical procedures used by laboratories in their

determinations showed little change compared with previous

years: strontium separation is still carried out by the fuming

nitric acid method at most laboratories while cesium is either

measured by direct gamma spectrometry or separated by adsorption

on anmonium molybdophosphate.

In the case of cesium, the outlier rate was relatively high

(17%), the resulting overall mean, however, very precise (SE

1.2%) and accurate (+ 0.2% deviation from the input value). The

corresponding figures for Sr90 were also very satisfactory,

outliers 5%, SB 3.1%, deviation - 2.6%. Sr89 gave less pleasing

results: only 5% outliers, but SE 12% and deviation + 15.6%.

3.3.2 Determination of radionulides in water (W-l/2) [1]

In the case of the water sample a similar spiking technique

was used. Each participant received a set of two sealed glass

ampoules, the first containing 4 ml of acidified calibrated

radionuclide solution with carriers, the second 4 ml of an aci-

dified solution of the main salt constitutents of fresh water.

Participants were instructed to combine the contents of both

ampoules and to dilute them with bi-distilled water to a volume

of 10 1. The concentration after dilution was 2 nCi for H3 and

2-6 pCi for each of the other nuclides (Sr89, Sr90, Y91, Zr9S,

RulO6, Csl37, and Cel44). The uncertainty of the original

radionuclide calibration was within 1-5% (depending on the

nuclide concerned).

[1] A. Veglia, R. Dybczynski and 0. Suschny, "Report on
intercomparison W-l/2 of the determination of selected
radionuclides in fresh water" (1980), IAEA/RL/81, 1981.
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The following determination methods were used by the labo-

ratories: H3 was normally done by liquid scintillation counting

(after separation by distillation and sometimes concentration by

electrolytic enrichment). The gamma emitters were usually

determined by gamma spectrometry with Ge/Li detectors. Roughly

one quarter of these determinations was done directly, without

separation but usually after preconcentration by evaporation.

When separations were used, Csl37 was generally separated on

AMP, cerium precipitated as Ce(OH).,, Ru distilled as RuO or

electrodeposited. As in the case of the milk sample, the two

strontium isotopes were precipitated as nitrates. Only two

laboratories determined Y91, one of them using ion exchange

chromatography for its operations.

the results of the intercomparison are shown in Table 3.1

32 laboratories from 19 countries contributed to these

results. Participation in individual radionuclide analyses

varied from only 2 for yttrium-91 to 24 for tritium. The spread

of results was again very large but could be reduced

considerably by the removal of outliers. Fairly good results

(after removal of outliers) were received for tritium (SE 1.9X,

deviation of overall mean from input value 0.4%), cerium-144 (SE

5.0%, deviation 2.0%), and cesiura-137 (SE 7.5%, deviation

9.4%). The values for strontium-9C (SE 2.9%, deviation 22.4%)

and for ruthenium-106 (SE 21.8%, deviation 18.0%) can still be

considered reasonable; those for strontium-89 (SE 23.0%,

deviation 63.1%) and zirconium-95 (SE 20.1%, deviation 78.9%),

however, are certainly excessive. All deviations from the input

value were positive, which seems to indicate that they may be

due to incomplete separations.
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3.4 FTasila eateriais

The following certified reference materials were available

for distribution in 1981:

- S-7 Uranium ore, pitchblende 0.527% U
o
0.

- S-8 Uranium ore, pitchblende 0.140% U_0
e

- S-12 Uranium ore, pitchblende 0.014% U,0.

3 о
- S-13 Uranium ore, pitchblende 0.039% U_0

e

3 о

Three thorium ore samples (concentrations from below 0.1%

to above 1%) were prepared and analysed under a research

contract by the laboratories of the Turkish AEC. They will be

available as reference materials in 1983.

The intereomparison work on plutonium and uranium samples

is described in detail in Section 5 of this report.

3.5 Isotope Hydrology

The Isotope Hydrology Laboratory is a world-wide distribu-

tor of water standards and reference materials for stable

isotope analysis (V-SMOW, SLAP, GISP).

Recently, the Laboratory has also been distributing solid

samples prepared by the National Bureau of Standards, Washington

D.C.: NBS-30 (biotite), and NBS-19 and NBS-18 (calcium

carbonate). Other intercomparison samples being distributed

are: OGS (barium sulphate, precipitated from ocean water

sulphate), Soufre de Lacq (sample of natural elemental sulphur)

and IAEA N1 and N2 (artificial samples of ammonium sulphate).

Altogether 134 intercomparison samples have been distri-

buted in 1981 on request from 17 Member States.



- 62 -

Tritium-free water and tritium water standards as well as

tritium intercomparison samples have been occasionally distri-

buted on request from Member States (altogether 30 samples were

sent in 1981).

Analysis of precipitation samples for tritium, deuterium

and 018 in the framework of the WHO/IAEA precipitation network

has been continued.

3.6 Marine materials

One intercomparison (low-level transuranic analysis in a

marine sediment, SD-N-1) was started in 1981. Two reference

materials for trace element analysis, MA-M-2, homogenized fish

flesh and MA-A-1, dried copepoda, were available this year (see

also sections 3.2 and 3.3 of this report).

3.7 Statistical summary

The number of reference and certified reference materials

sold during the period 1976-1981 is shown in Table 3.7.



Table 3.7

Year

1976
price per
unit US $
1977
price per
unit US i
1978
price per
unit US 2

1979
price per
unit US £
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4. TRAINING

4.1 In-service training

In-service training, usually under a fellowship awarded by

the Department of Technical Co-operation, was provided to

scientists, students end technicians from Member states as des-

cribed below.

4.1.1 Soil Science

Training in several isotope analytical techniques, particu-

lary in the use of the required equipment was provided to six

Agency-sponsored fellows from Peru, Venezuela, Uruguay, Mexico,

Philippines and Zaire. Other two fellows from Zaire and

Indonesia participated in research activities in support of the

symbiotic nitrogen fixation and mixed cropping programmes.

In April 1981, one Agency fellow from Lebanon obtained a

Doctor's degree from the Faculty of Agriculture at the Vienna

University. His doctoral thesis was based on the results of

several years of field work at the Seibersdorf Laboratory.

In addition, a fellow from Bangladesh was awarded a

12-month extension of her fellowship to complete her research

work on symbiotic nitrogen fixation by soybean as affected by

N-fertilizer practices.

A visiting scientist from Belgium was trained during two

weeks on the optical N15 analysis of small nitrogen samples

mixed with noble gases.
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4.1.2 Plant Breeding

Dr. Alberto Parra Guttierrez, Venezuela, was received for a

scientific visit during three weeks in March.

Dr. Hirokazu Nakai, on sabbatical leave from Shizuaka Uni-

versity, Japan, arrived in Vienna in October to spend one year

at the Laboratory. Dr. Nekai took up comparative studies on

radiation effects of ganma rays, fast neutrons, and thermal

neutrons on different crops. In addition he will join in the

investigations of M. chimerism in various dicotyledonous crop

species, (cf. 2.2.5).

4.1.3 Entomology

The Agency's Entomology Laboratory at Seibersdorf continued

to provide training in the Sterile Insect Technique (SIT), in

which the Laboratory supports ongoing field programmes in

several Member States. This training ensures that there will be

adequate expertise «aong local personnel after participation by

the Agency has ended.

In 1981, three Nigerian fellows employed by BICOT - a co-

operative project to study the feasibility of using the SIT to

eradicate a species of tsetse fly from riverine areas in Nigeria

- received a total of more than six months of training. Each

received on-the-job training in aspects of rearing and steri-

lizing tsetse flies for which he will be responsible when he

returns to BICOT. Additionally, a fellow from Zambia received

six months training in rearing and in the use of isotopes for

studies which will enable him to help- organize control strate-

gies against tsetse flies in his home country.

A fellow from Thailand received six months training in the

techniques and principles of rearing and selecting for a genetic

sexing mechanism for the Mediterranean fruit fly. This training
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prepared him for conducting similar studies against the Oriental

fruit fly, a pest in his home country.

A fellow from Bangladesh received four weeks of training in

the principles and techniques of working with isotopes, which

prepared him for practical studies he began immediately after-

wards at a government laboratory in the United States.

4.1.4 Analytical techniques

Ms. Blanca Torres Chamorro, Peru, completed her training

in uranium exploration analysis, started in December 1980.

Ms. Alejandrina Perez de la Rosa, Colombia, received two

months training in fluorimetry and gamma spectrometry in June

and July 1981.

A three month period of in-service training was provided by

the Medical Applications Laboratory to a cost-free fellow from

Turkey on trace analysis techniques (mainly activation analysis}

applied to the determination of trace elements in wool.

Three fellows from developing countries have been trained

in the Isotope Hydrology Laboratory in the analytical techniques

for tritium, C14, and stable isotope assay in water samples.
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4.2 Training courses

4.2.1 FAO/IAEA/SIDA Interregional Training Course on the Use of

Isotope and Radiation Techniques in Studies on Soil-Plant

Relationships

This year's course, which was held from 6 April to 5 June

1981, was the fourth hosted by the Seibersdorf laboratory in

four consecutive years.

Nineteen scientists from 17 developing Member States

participated. Lectures as well as practical instructions were

given on isotope usage to solve problems in soil-plant nutrition

and soil-water management. The participants familiarized then-

selves with radioactive and stable isotope detection techniques.

Field and greenhouse experiments were started by them as part of

their training. The experiments dealt with the use of tracer

techniques to evaluate rock phosphates, the placement of phos-

phorus in a mixed cropping system, the effect of pesticides on

symbiotic nitrogen fixation by legume crops, and the deter-

mination of the active root distribution of trees [1,2,3,4].

Aided by the instructors, the participants sampled and analysed

the harvested plant material, and spent considerable time on the

calculation and interpretation of data as well as on the

planning of field experiments.

[1] ZAPATA, F., Effect of chemical seed dressings on the symbi-
otic nitrogen fixation by field-grown broadbean. Experi-
mental guidelines. 1981 training course field experiment,
Seibersdorf Laboratory.

[2] ZAPATA, F., 32P-fertilizer placement study in an inter-
cropping system. Experimental guidelines. 1981 training
course field experiment, Seibersdorf Laboratory.

[3] ZAPATA, F., the use of NIS-tracer techniques in the quanti-
tative estimate of symbiotic nitrogen fixation by legume
crops under field conditions. Experimental guidelines.
1981 training course, Seibersdorf Laboratory.

[4] ZAPATA, F., Evaluation of phosphate rock sources by means
of radioactive tracers under greenhouse conditions. Ex-
perimental guidelines. 1981 training course, Seibersdorf
Laboratory.



- 68 -

Each participant delivered a 45-minute lecture on the main

agricultural problems in his/her home country, and the present

and future research programmes, with particular emphasis on the

use of isotope techniques.

Three excursions were organized to observe and discuss

particular aspects of the agriculture in Austria. Visits were

made to experimental stations in Petzenkirchen (water and soil

moisture), Fuchsenbigl (field crops), Gumpenstein (pastures) and

Haidegg (fruit trees).

•

During the last week of the course the participants had an

opportunity to discuss individual programmes with the staff of

the Seibersdorf Laboratory and the Joint FAO/IAEA Division. They

also contacted'Area Officers of the Department of Technical Co-

operation in connection with existing and future programmes in

their home countries.

4.2.2 FAO/IAEA/SIDA Regional Training Course on the Use of Isotopes

and Radiation Techniques in Studies on Soil-Plant Relationships,

Irapuato, Mexico, November and December 1981

Seibersdorf laboratory staff had technical responsibility

for organizing and conducting this Regional Training Course. Two

staff members assisted the local staff in all technical matters

during the entire duration of the course. One staff member

served as Scientific Officer and another set up equipment pur-

chased for the course and supervised the local staff in perform-

ing the required analytical techniques. They also lectured on

several topics and participated in the evaluation of the course.

The course was held at the National Institute for Nuclear

Research (ININ) at two different locations, first at the ININ

Agricultural Unit, Irapuato (Guanajuato) from 3 to 30 November

1981, and then at the Nuclear Reactor Centre, Salazar, and at

other ININ installations in Mexico City from 2 to 11 December

1981.
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Sixteen scientists from eleven Latin American Member States

participated. The course was conducted in Spanish. Lectures as

well as practical sessions (laboratory work, field and green-

house exercises) were given on many aspects of isotope usage in

studies on soil/plant relationships. Scientific visits were

organized to research institutes to observe and discuss agri-

cultural problems. The proceedings of the course were published

in Spanish.

4.3 Miscellaneous work in support of training and training courses

4.3.1 Mutation induction in barley and peas

In order to provide material for training courses, fellows,

and visitors, the Laboratory grows M and M of barley and

peas. Barley seeds received 12 different treatments of gamma

rays or ethyl methane, sulfonate. The material was harvested and

part of it was utilized in a training course at the Laboratory.

Similarly, peas were treated with nine' different treatments. The

remainder of the harvested materials has been kept and will be

distributed for'training whenever needed.

Eight lines of Capsicum annuum were propagated at the Labo-

ratory to be utilized for training purposes.

4.3.2 Support to Agency training courses in nuclear electronics

A prototype of a low-voltage stabilizer power supply of

high quality was constructed as a teaching aid. This power

supply was discussed during the lectures, its design and

functioning explained and replicas constructed from components

supplied during the laboratory work of the course.
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The prototype contructed at the laboratory had the

following specifications:

- input 110/220V AC (+20%). 50/60 Hz

- output 5V, 1A

- regulation 0.1% at full load for input voltage variation +20%.

- load regulation 0.1%

- ripple 2 aV

- noise 2 mV
PP

*
f f

- temperature coefficient 0.01%/ С
о

- max. operation temperature 45 С ambient
- short-circuit-proof through current limiting

- standardized printed circuit board 160 x 100 mm.

Also provided were precise instructions for the step-by-

-step assembling and testing of this power supply.
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5. SAFEGUARDS-RELATED ACTIVITIES

5.1 Safeguards Analytical Laboratory

5.1.1 General trends and observations

Compared to 1980 tb* number of uranium samples submitted to

SAL increased by 30% in 1981, while the number of plutonium and

mixed uranium plutonium samples remained stable (Table 5.1.1).

On the other hand there was a sharp decrease in the number of

spent-fuel samples, because one of the reprocessing plants under

safeguards interrupted its operation. Overall, a 9% increase in

the total number of samples analyzed was observed in 1981.

Despite the lower number of spent-fuel samples, the delays

in the analysis of plutonium-bearing samples remained much too

high, because one of the two mass spectrometers of SAL was out

of operation for extended periods. 24% of the spent-fuel

samples were therefore sent out to the Network Laboratories for

analysis.

A new and automatic mass spectrometer donated by the

British Government was delivered to SAL at the end of the year,

and will help to reduce delays.

Better agreement is now observed between the operators'

data and the Agency's verification data obtained by destructive

analysis. This is particularly significant for spent-fuel re-

processing solutions and results from a combination of efforts:

a campaign of explanation of its analytical requirements by SAL

staff, the attention of the Agency's inspectors in obtaining the

implementation of appropriate sampling procedures, the efforts

of operators' personnel in the pretreatment of Agency's samples,

the development of the statistical evaluation services at Head-

quarters, and the critical examination of the results with all

parties concerned.
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Table 5.1.1

Inspection samples submitted to destructive analysis in 1981

Material type Max.No.
fore-
casted

Received Analyzed*

No. Total No. Total

Uranium 750 644 644 615 615

Plutonium

Pu-ozide
U only
Mixed oxide
Pu-"mg-size" 400

8
2

24
67 101

14
2

26
71 113

Isotopic
Dilution

Input samples 350 129 129 128 128

Grand Total 1500 874 8S6

Includes a few samples left over from 1980.

Distributed
to

Network
Laboratories

31

31
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5.1.2 Mass spectrometry

During 1981 the mass spectrometry laboratory performed 2765

measurements. Of these, 250 only were measured on the AVCO

(-64%) and 2515 on the 2-stage spectrometer (+3%). The AVCO

instrument was taken out of service early in the year when a

highly specialized transistor failed in the detector. By the

end of the year no replacement had been received. The only down-

time on the 2-stage instrument was for scheduled maintenance

during the visit of an expert from ORNL in December. The visit

is scheduled annually as part of the US support programme to

assure the Agency that the spectrometer supplied by ORNL

(2-stage) is operating within specifications. The number of

measurements made on the ORNL spectrometer has increased every

year since its installation in 1976. (Fig. 5.1.2).

Slightly over 50% of the measurements made on the 2-stage

spectrometer were on samples loaded on resin beads. The resin

bead loading technique is gaining acceptance in a number of

laboratories. It offers a means of shipment of uranium and

Plutonium that is inexpensive, rapid, and essentially hazard-
_9

less. Although a typical single bead contains only about 10 g

of plutonium it contains sufficient sample for analysis, and the

bead can be placed directly into the spectrometer as received.

SAL participated in a number of interlaboratory exercises

using the resin bead loading technique. These "round-robin"

exercises involved exchanges between SAL and laboratories in

Germany, Japan and the USA [1.2]. A new round-robin involving

the resin bead in which SAL is endeavoring to enlist the со-

ll] C.K. Bayne and al., Resin bead U and Pu analysis of WAJC
input solutions. A statistical summary of experiment
Number 1, ORNL/TM 7362, ISPO-99.

[2] H. Shimojima and al., Resin bead sampling and analytical
technique, TASTEX, Technical Rep. Series No. 213, IAEA,
Vienna (1982).



- 74 -

operation of more laboratories was initiated in 1981 and is to

be completed by the end of 1983. As a quality control measure

the laboratory also participated in the uranium and plutonium

SALE control programmes administered by the New Brunswick La-

boratory (N8L).

In order to assure accurate analyses, standard reference

materials (SSH's) are analyzed frequently. These are materials

certified by the US National Bureau of Standards (NBS), and are

analyzed by the same procedures which are used for unknown

samples. Tables 5.1.2.a to с show our performance in the ana-

lysis of two of these materials with the 2-stage spectrometer.

By way of comparison, the AVCO machine produced better results

for the major isotopes of uranium (235 + 238) but poorer results

for plutonium. The AVCO machine is not as suitable for

precision measurements of minor isotopes.

We were pleased to receive, as a gift-in-kind from the UK,

a Vacuum Generator, ISOMASS S4E mass spectrometer. It was de-

livered in July 1981 and installed in September 1981. Prior to

that time, the staff member in charge of the mass spectrometry

laboratory witnessed a first set of the acceptance tests at the

manufacturer's plant in Winsford. A number of problems prevented

the completion of the final acceptance tests during 1981. The

quality of data that can be obtained with the current generation

of spectrometers has made the AVCO machine obsolete.
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Fig. 5.1.2
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Tabla 5.1.2.*

Performance of the 2-stage mass spectrometer on SEM-.NBS-U 010

234/238 235/238 Z36/238

Atom Ratio
SD
% RSD
n
Ref. Value
Difference, %

0.00546
0.00039
7.14
223
0.00547
-0.18

0.010151
0.000054
0.53
223
0.01014
+0.11

0.00689
0.00007
1.1
223
0.00688
+0.09

Table 5.1.2.b

Performance of the 2-stage mass spectrometer on SRH:NBS-Pu 947

240/239 242/239

Atom Ratio
SD
% RSD
n
Ref. Value
Difference, %

0.24167
0.00262
1.08
150
0.24142
+0.10

0.015575
0.000162
1.04
150
0.01559
-0.10
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Table 5.1.2.с

Comparison of the performance of the 2-stage spectrometer with

solution loading and resin bead loading of standard reference

materials*

NBS-010, U235/U238

SO
% RSD
Ref. Value

Difference, %
n

NBS-PU947, Pu242/Pu239

SD
% RSD
Ref. Value
Difference, %

n

NBS-PU947, Pu240/Pu239
SD
% RSD

Ref. Value
Difference, %
n

Solution

0.010154

0.000049
0.48
0.01014

+0.14
114

0.01553

0.000166
1.07
0.01559
-0.38
71

0.24123
0.00094

4

0.40

* 0.24142

-0.08
71

Resin bead

0.010136

0.000048
0.47

-0.04

12

0.01560
0.000164

1.05

+0.06

19

0.24167
0.00080
0.33

+0.10
19

Tabulated for first 8 months only.
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5.1.3 Radiometry

As in previous years a relative precision of 0.30% was

observed in the isotopic assay of the U235 abundances in 3%

enriched uranium products using the Nal one-inch-well-detector

assembly for gamma spectrometry of the 186 keV line. The

accuracy, however, deteriorated somewhat, showing a 0.65% co-

efficient of variation for systematic errors. This was due to

various instrument failures and to the difficulty of conserving

accurate calibration standards in solution form (Table 5.1.3).

The accuracy being also limited by the base line correction

under the rather broad peak, it was hoped to eliminate this

problem with a Ge-Li well detector. The detector delivered for

this purpose, with a nominal resolution of 2.1 keV, unfortunate-

ly showed serious deficiencies in its cooling system, and had to

be returned to the manufacturer for modifications.

A programme of tests of the influence of experimental and

geometrical factors on measurement results has been completed

with the "drum scanner" equipment for the gamma assay of solid

plutonium wastes: the random errors are expected to vary between

10 to 50% for 2 to 10 hour measurements of drums containing 0.2

to 2 g of plutonium. The systematic errors should be well

within 50%, in the most unfavorable conditions. A room of the

Electronics and Measurement Laboratory has been designated for

the permanent installation of this equipment.

Further progress was made in the preparation of sources for

the alpha spectrometry of plutonium. The preferred support now

consists of high-fired porcelain. A*241 sources prepared on

such surfaces display a resolution of 13 keV, while plutonium

sources have a resolution of 15 keV [1].

[1] G. Bortels et al., Minutes of the First Meeting of the ICRM
working group on alpha spectrometry, at CBNM (Gael), Oct.
1981: Internet. Jour. Appl. Sad. Isot., to be published.
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Table 5.1.3

Precision of the determination of U235 isotope abundance by
Nel-gamma spectrometry

SBM

NBS-U-005
NBS-U-010
NBS-U-015
NBS-U-020
NBS-U-030
NBS-U-050
NBS-U-100

U235 abundance
weight %

0.4833
0.991
1.5132
2.013
3.009
4.949

10.075

Precision:
coefficient of
variation

in

within
month

0.88
0.31
0.22
0.18
0.21
0.19
0.05

%

between
months

2.1
0.90
0.27
0.43
0.48
0.28
0.09

Accuracy:
Mean

relative
bias
in %

- 0.71
- 0.04
- 0.04
+ 0.13
+ 0.21
- 0.09
- 0.003

Degrees of freedom 87 11

Number of measurements 99
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5.1.4 Ti trine try

The gravimetric titrator, equipped in 1980 with a Mettler

PK 300 electronic balance, still constitutes SAL's reference

instrument for the determination of uranium following the NBL

modified Davies and Gray titration. Continuous monitoring of

the random and systematic errors in the calibration of the

method guarantees the quality of the analyses (Table 5.1.4.a).

The bulk of the routine analyses of uranium samples, how-

ever, was carried out with the automatic titrator tested in 1979

[1]. This volumetric titrator is now equipped with therao-

stated reagent flasks and a two-speed programmed stirrer. An

INTEL 8085 microprocessor controls the system and calculates the

results. The piston burette, a Mettler-DK 20 model, is cali-

brated by weight, and shows an extraordinarily good linearity

(Table 5.1.4.b). The microprocessor monitors the temperature of

the titrant via a digital thermometer, performs a temperature

correction of the burette readings, and calculates the weight of

titrant delivered at the end point of the titration. The auto-

matic titrations are calibrated in the same way as the gravi-

metric titrations. The random systematic errors in these cali-

brations are very small although the bias, equal to 0.4-0.5%, is

much higher than one would like to see it.

An automatic potentiometric titrator, of a new generation

of Mettler instruments, Memotitrator model DL 40, was installed

for the analysis of plutonium bearing materials. It is capable

of a 0.05% precision in the volumetric titration of 3 mg of

plutonium of 10-50 mg of uranium [2].

[1] The Laboratory Activities of the IAEA Laboratories, Annual
Report 1979, IAKA/RL/78, Vienna (March 1981).

[2] H. Aigner, Experience with the Mettler Memotitrator DL 40
for the titration of plutonium and uranium, SAL-Iff 7/81,
IAEA, Vienna (June 1981).
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Table 5.1.4.a

Precision and accuracy of the gravimetric titration of uranium

Total measurements

Mean bias (%)

Total standard deviation

Measurement error

Time effect

Standard solution error

128

- 0.024%

+ 0.029% (127)

0.023% (99)

0.020% (20)

(negative variance) (8)

Numbers in brackets show the degrees of freedom associated with
the determinations.

Table 5.1.4.b

Weight calibration of a Mettler burette

No. Pulses Temp Weight Volume V-Kegr Error %

1
2
3
4
5
6
7
8

АО
SO
T

Al
SI

SYX

- -0
- 0
> -0

> 0
* 0

ж 0

1 21.0

3 21.0

5 21.0

6 21.0

7 • 21.0

8 21.0

9 21.0

10 21.0

.209222E-03

.602715Е-0Э

.347314E+00

.100051E+01

.892300E-04

.718703E-03

0.997

2.993

4.988

5.987

6.985

7.981

8.979

9.976

1.000

3.001

5.002

6.004

7.004

8.003

9.004

10.004

(zero intercept)

(standard error of

1.000

3.001

5.002

6.003

7.003

8.004

9.004

10.005

0.027

0.014

-0.001

-0.015

-0.015

0.010

-0.001

0.006

zero intercept)

(T-test on significance of A0)

(slope)

(standard

(residual

error of

standard

slope)

deviation)
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S.I.5 Impurity analysis by emission spectrography

A simplified pretreatment of the samples, a faster read out

of the photoplates, and improved software for the reduction of

densitometric data, have greatly speeded up the spectrographic

analyses. Consequently ignition gravimetry with spectrographic

analysis is now sufficiently rapid to be used in parallel with

or instead of chemical titration for the ass2¿- of uranium in in-

spection samples of U0_ powders and pellets of nuclear grade.

Ill samples of these types were analyzed by ignition gravimetry,

representing some 490 spectrographic analyses, i.e. я threefold

increase compared to 1980 [1].

Simultaneously a semiquantitative determination of Gd, Be

and Bi has been introduced and is now carried out routinely in

addition to the quantitative analysis of the 15 elements set up

earlier.

As a result of a very fruitful visit to the emission

spectrography laboratory (CBM-1) at Los Alamos, a very simple

and useful artifice was introduced to prevent the popping-out of

the sample during arcing: a small venting hole is drilled later-

ally at the bottom of the electrode.

A comparison of reference materials of US and French origin

was previously reported. After the changes introduced in our

procedure in the past years, and with the NBL-95 series being

now exhausted, it was decided to examine the compatibility of

the new NBL-98 series with the older one as well as with the

Floralies series. The comparison of the behaviour of 13 elements

of interest summarized in Table 5.1.S is generally satisfactory

although it raises a few questions, namely relative to Ca, Si

and Mn.

[1] The Laboratory Activities of the IAEA Laboratories, Annual
Report 1980, IABA/RL/93, Vienna (March 1982).
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Table 5.1.5

Relative deviations between calibration curves using KBL-95,
NBL-98, and Floralies (CEA) l^Og standards for emission
spectrograpby

Ele-
ment

Al

Si

Fe

Ma
V

Pb

MS
Zn

Mo

NÍ

СГ

Sn

Ca

Cone,
rang*
(ppm)

20-490

10-100

30-360

3-S0

10-110

2-30

3-70

20-450

3-70

10-160

7-100

2-50

3-90

NBL-95 -

at low

eonc.

7.8

7.2

49.2

40.8

24.8

24.6

5.1

11.7

13.4

11.9

28.1

18.3

61.6

NBL-98 in %

at high

cone.

9.5

25.4

9.4

11.8

17.3

15.4

1.7

11.2

15.6

14.3

22.2

18.3

59.2

NBL-98 -

at low

cone.

4.8

29.3

38.2

1.8.

3.9

28.9

34.3

6.5

74.1

Floralirs in %

at high

cone.

23.3

43.4

32.6

65.9

8.9

7.4

1.3

8.5

32.6
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The accuracy of the spectrographic analyses is still per-

fectly adequate for the gravimetric assay of uranium. This was

already demonstrated in 1980 in a comparison with potentiome trie

titration. It was further confirmed in our analyses of the 1981

SALE samples, with relative biases ranging between +0.001 and

-O.O56V

An electronic top-loading balance, a Mettler AC-80, has

been installed in the glove box in place of the H-54 semimicro-

analytical balance: this simplifies and speeds up the weighing

of plutonium samples. The procedure for the spectrographic ana-

lysis of plutonium oxide has been tested by submitting uranium

standards to a complete course of handling in the glove boxes.

The four boxes, connected in line with the laboratory's Jarrel

Ash spectrograph, were then used to analyze the industrial test

sample of Pu0_ oxide used during the two weeks training per-

formed in Grenoble in 1979. As in Grenoble, this material was

found to be very pure: in fact the concentration of all 15 ele-

ments searched for appeared to be below the lowest calibration

point. In addition to the French reference materials used in

this exercise, we have now received the first two sets of

special plutonium standards prepared at our request by Los

Alamos Scientific Laboratory (LASL). This work is funded by

the US Technical Support Programme to Agency Safeguards (ISPO).

5.1.6 Control of the Quality of the Measurements

A scheme for a measurement assurance programme for SAL was

presented at the 1981 Advisory Croup Meeting on the Quality of

Destructive Analytical Measurements for Agency Safeguards [1].

[1] E. Kuhn, S. Deron, Advisory Group Meeting on the Evaluation
of the Quality of Safeguards Analytical Measurements (AGM
338) in Vienna (May 1979), IAEA-STS 113 (March 1982).
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The progri involves three major components:

(a) The Method Calibration System calls for a calibration of

all final measurements, for example titrations or mass spectro-

metry ion ratio measurements, against internationally accepted

primary reference materials or physical and nuclear data. The

certification of working standards, such as tracers for isotope

dilution analyses, is part of this system.

(b) The Laboratory Internal Quality Control System provides a

means to. verify the accuracy of the analytical procedure: it

involves running well-characterized working standards through

the complete analytical procedure. The system specifies also

the scheme of replicate analyses required to estimate all random

errors in the actual analyses of each sample. Figure 5.1.6 is

an example of the scheme applied to the chemical assay of oxides.

(c) The third component of the programme depends upon the

availability of data originating from other laboratories. It is

therefore referred to as an External Quality Control. It makes

use of data collected in our participation in permanent Quality

Control Programmes such as SALE (Table 5.1.6.a and b) and the

AQC Services of the Agency's own laboratories [2]. One-shot

interlaboratory experiments such as AS-76, IDA-80, the 1980-1982

resin bead round-robin of NBS, and all the special experiments

arranged under various technical support programmes [1], consti-

tute additional useful inputs to this component. But the evalu-

ation of operator-inspector differences, and of the destructive

analyses performed for the certification of NDA physical stan-

dards [1], represent the most potent and severe test of our ana-

El) E. Kuhn, S. Deron, Advisory Group Meeting on the Evaluation
of the Quality of Safeguards Analytical Measurements (AGM
338) in Vienna (May 1979), IAEA-STR 113 (March 1982).

[2] H. Aigner and al., Results of the analyses of the intercom-
par i ton samples of the depleted uranium dioxide SR-20,
IAEA/RL/90, Vienna (1982).
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Fig. 5.1.6

Scheme for the assay of uranium and Plutonium oxides

MATERIAL

Figure 3 Scheme for the Assay of Uranium and Plutoniun Oxides
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Table 5.1.6.a

Results of U d». ermination by manual (gravimetric) and automatic (volu-
metric) titration and by ignition gravimetry in 1981. SALE samples.
Relative deviation from reference value and coefficients of variation.

Month

February

April

June

August

October

December

Mean
Total standard dev.
Meas. Stand, dev., SI
Systematic error, SH-
Standard error, SE

Overall mean
Total standard dev.
Mean raeas. std. dev.
Mean time effect
Material effect

Gravim. titration
(mean % diff. +

S.D.)

U0
2

0
+ 0

0
+ 0

. 0

± о

- 0
+ 0

- 0

± о

- 0

+ о

о
 о

 о
 о

 
о

.038

.020

.009

.017

.004

.006

.011

.024

.008

.023

.028

.020

0007
.027
.019
.020
.009

о
 

о
 

о
 

о
 

о
 

1

+1
•fl

-fl
•fl

+1
•fl

.020

.035

.022

.021

.025

UNH

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.
0.
0.
0.

084

011

013
016

048

015

038

035

033
030

017

026

039
032
024
023
010

Vol. titrat.
(Mean % diff

+ S.D.)

uo
2

0
±0

0

+ 0

- 0
+ 0

- 0

+ 0

о
 

о
 

о
 

о
 

о

-

-

.010

.042

.046

.042

.028

.020

.002

.035

.007

.042

.036

.025

.015

1 
о

 о
 о

 о
 о

UNH

0

± о

0

±о

0

+ 0

0

+ 0

о
 о

 о
 о

 
о

.023

.041

.033

.021

.020

-

.054

.011

.050

.012

.009

.034

.045

.047

.040

.033

.030

.015

.011

Ignit. grav.
(mean % diff

+ S.D.)

uo
2

-

—

—

0.001
+ 0.000

- 0.042
+ 0.017

- 0.023
0.026
0.013
0.029
0.022
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Table 5.1.6.b

Results of isotopic analyses of U235. Abundance in 1981 SALE
samples. Relative deviations from reference value and coeffici-
ents of variation.

February

April

June

August

October

December

Mean
Total standard dev.
Measurement error, SI

Systematic error, SH
Standard error, SE

Overall mean
Overall standard dev.
Mean meas, error
Mean time effect

Material effect

M.S.

UO
2

- 0
+ 0

0
+ 0

0

± о

0
0

0

+ о

0
0

0
0
0
0
0

.52

.21

.45

.33

.15

.44

.043

.23

.22

.069

.98

.30

31
.52
.29
.47
.21

0
0
0
0

2-stage

.25

.43

.29

.34

(a)

UNH

0.21

0.25

0.13

0.37

0.21
0.36

_

0.047

0.13

0.19
0.25

0.16
0.26
0.30

(a)
0.080

Y-spectrometry

UO
2

0.28

0.21

0.36

0.23

0.013
0.018

0.31

0.16

0.27

0.10

0.30
0.81

0.25
0.29
0.36

(a)
0.10

0.
0.
0.
0.
0.

050
71
30
65
18

UNH

0.32
0.049

0.47

0.082

0.082
0.35

_

-

- 1.90
0.032

- 0.26
1.03
0.18

1.10
0.55

(a) negative variance
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lytical performance. It is the responsibility of the Department

of Safeguards to carry out these evaluations. Feed-back of their

results to SAL is an essential factor for the continued progress

of the Agency's safeguards measurement system.

A computerized data management system now under development

[1] will provide the necessary back-up and documentation for our

quality control progri

5.1.7 Transport of radioactive sample material

To overcome the problems of shipping plutonium samples pro-

cedures were developed for taking and packing 0.5 to 1 g samples

into mini-vials (Fig. 5.1.7) specially designed to fit into the

inner capsule of a new type В container [2]. This container was

conceived at the request of Agency's Safeguards Department by

Sandia National Laboratories, USA, to resist extreme air crashes

and to meet the drastic resistance criteria required in the USA.

The container weighs 33 kg and can hold four sample vials in the

60 ca available in its inner capsule. With the licensing of

this container it is hoped to overcome the ban in the air trans-

port of plutonium which is now enforced in several States [3].

[1] H. Aigner, Preliminary design for the storage of analytical
data in SAL's central data processing system, IAEA-SAL-IR
11/82.

[2] S. Deron et al., Processing, packaging and assay of small
plutonium safeguards samples, 23rd Annual Meeting Znstr.
Nucl. Mat. Manag., Washington (USA) (July 1982); J. INMM,
to be published.

[3] J.A. Andersen et al., PAT-2 Safety Analysis Report, SAND
81-0001, Sandia National Laboratories, Albuquerque (USA),
(March 1981).



- 90 -

Fig. 5.1.7

The type В (U) container and sample vials designed by Sandia National
Laboratories for air shipment of Pu analytical samples

UD

КОМОМ
PLUG

Air-Tr
LAARC(PAT-2)

rtbl A i d R
)

nt Resistant Containerp
(Plutonium Air Transportablt Model 2)

BC-1 BC-2 BC-4 BC-5

4 5 6 7 8 9 10 11 12 13 U 15 16 17 18 19 20 21 22

Sample canisters BC-1, BC-2, BC-4 and BC-5.

Figure 2 "Hie Type В (и) container and sample vials designed by Sandia National

Laboratories for air shipnent of Pu analytical samples
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5.2 Electronics and WorkshoD services to SAL

5.2.1 Automatization of the uranium analysis by potentiometric

titration

Ihe Safeguards Analytical Laboratory has to carry out

uranium analyses of about 1000 samples per year by potentio-

metric titration. The equipment which has hitherto been

available for this purpose was a sample changar, a titration

system, a data transfer system and a/printer (all fabricated by

Mettler). With this, system uranium analysis could be carried

out by hand, which means that the different reagents had to be

inserted and mixed by hand. The titration was then carried out

automatically and the data transferred to a printer.

A microprocessor-based control system is now under con-

structed to automatize the process. This system

- controls the addition of reagents,

- starts the titration

- measures changes in the sample,

- rinses the electrodes

- observes certain analytical parameters and gives an alarm
if one of these parameters (e.g. temperature) is not within
the present* permitted limits,

- calculates the results and corrects them for temperature
changes,

- transfers the data to an output terminal (teletype) and
also to a central microcomputer (PDP11) for further calcu-
lations .
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5.2.2 Construction of a track etch tape readout system

The Safeguards Analytical Laboratorty tested the possibili-

ty to measure and record neutron fluxes in reactors with the

track etch tape method. In this method a moving plastic film is

exposed to fission products generated by neutrons in a uranium

foil.

The film is moved under the foil with constant velocity for

extended periods of time (hours, days). After development of

the film by etching with HaOH the number of tracks per square

unit along the film, which is proportional to the neutron flux,

is measured by measuring the light absorption through the film.

To simplify the readout, a microporcessor-controlled read-

out unit was constructed which moved the film under a microscope

connected to a photomultiplier, amplifier and recorder. The film

can be moved at different velocities and certain scanning

lengths can be preselected and recorded.

This work, which is promising, continues.
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6. RADIOLOGICAL SAFETY

6.1 Personnel

Due to movemeat in personnel (one staff member left, two

were recruited) the Health Physics Group was reorganized to

improve its effectiveness (see Table 6.1).

6.2 Radiological survey

About 1200 films were prepared, developed and read during

the first two trimesters. On 1 September, film badge dosimetry

was replaced by thermbluminescent dosimetry. This opportunity

was taken to completely review the classification of the

Laboratory's working conditions.

For the General Laboratory the annual total whole body ex-

posure remained at close to zero level.

SAL radiation workers constitute a group in which each in-

dividual has very little chance of receiving 1.5 rad/y or more

(ft < 0.1), and the mean dose is very low (5-$ 0.1 rad/y).

Routine urine analysis of all IAEA radiation workers star-

ted in September, using the Health Physics Group's GeLi gamma

spectrometer and the associated desk-top computer. As part of

the routine surveillance of safeguards inspectors, urine is also

monitored at the Health Physics Laboratory, 120 samples being

counted by the end of the year. No significant gamma activity

was found in any of the urine samples.
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Tabla 6.1

Health Physics Group. Saibarsdorf

Head
Coordination
Training

Computer Programming
Budget and Purchases

Deputy
Alpha speetroBMitry
Equipment development

Emergency plans and alarm systems
Survey of SAL

Equipment calibration and
maintenance
Bibliography

Industrial Safety
Fire Prevention

Survey of West Wing laboratories

Gamma spectrometry
Computer Programming

Dosimetry
(personal and environmental)
Survey of General Laboratory,

Centre and East wings

Table 6.3

Urine ••birles

Year

1976
1977
1978
1979
1980
1981

analysed for Pu239 content

Ho. of semeles

181
226
180
300
377
468

Table 6.4

Number of whole-body cc

Safeguard» staff Other staff

Gamma-ray emitters
X-ray emitters

203
207

94
40
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6.3 Urin» analysis for alpha activity

The determination of plutonium ia urine samples provided by

Agency safeguards personnel was continued. The number of samples

has again increased (see Table 6.3). No significant plutonium

activity was detected.

6.4 Whole-body counting

The whole-body counter was again in frequent use for the

routine contamination monitoring of Agency staff members. During

1981, 544 measurements were performed for gamma-ray emitters

(e.g. fission products) or for emitters of low energy X-rays (in

particular plutonium). The latter- are monitored only in the

lung region. None of the persons measured had any significant

contamination. The numbers of measurements performed are given

in Table 6.4. These represent an average increase of 22% per

annum over each of the last four years.

6.5 Advice and Assistance

Advice on health physics matters was provided in meetings

and discussions concerning the following topics:

- Alarm Plan for the West Wing, General Laboratory

- Fire Prevention

- Updating of the Safety Analysis Report for SAL

- Radiation Protection and Safety Analysis Reports for the
Drum Scanner Unit and the Isotope Laboratory of the
Entomology Section

Assistance in radiation protection (lectures and practical

advice) was also provided during a training course given at the

Agriculture Laboratory.

The Health Physics Group assisted in two other IAEA

training courses, held in Paris, on Prevention of Risk in the

Use of Radiation, and on the Nuclear Fuel Cycle.
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7. PUBLICATIONS BY STAFF MEMBERS IM 1981

[1] AIGNER, H., Experience with the Mettler Memotitrator DL 40

for the titration of plutonium and uranium, SAL-IR 7/81,

IAEA, Vienna (June 1981).

[2] BRUNNER, H., ZAPATA, F., Symbiotic dinitrogen fixation by

mutant lines of field bean (Vicia faba minor). In: Induced

Mutations - A Tool in Plant Research. Proc. of an FAO/IAEA

Symposium (STI/PUB/591), 33-335, Vienna, 1981.

[3] DANSO, S.K.A., ZAPATA, F., Proceedings of the Workshop on

the Use of MIS and Radioisotopes in Studies of Plant Nutri-

tion, IAEA, Vienna, 1981.

[4] FRIED, M., BROESHART, H., A further extension of the method

for independently measuring the amount of nitrogen fixed by

a legume crop, Plant and Soil eg, 331-336, 1981.

[51 HARDARSON, G., Estimate of symbiotic nitrogen fixation by

soybean cultivare at two levels of N-fertilizer applica-

tion. Report presented at the third annual meeting of the

FAO/IAEA/SIDA Co-ordinated Research Programme on the Use of

Isotopes in Studies on Biological Dinitrogen Fixation,

Vienna, 1981.

[6] HARDASON, G., Symbiotic nitrogen fixation of common beans

(Phaseolus vultaris. I».) inoculated by different strains of

Rhizobium ohaseoli at two levels of N-fertilizer applica-

tion. Report presented at the before-mentioned meeting,

Vienna, 1981.

[7] M'BAJCU, S.B., PARR, R.M., Interlaboratory Study of Trace

and Other Elements in the IAEA Powdered Human Hair Refer-

ence Material, HH-1; Paper presented at the 6th Inter-

national Conference on Modern Trends in Activation Ana-
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lysis, Toronto, June 1981, and published in J. Radioanal.

Chem. 69 (1982) 171-180.

[8] MIGUEL, M., in: 6. Bortels and al., Minutes of the First

Meeting of the ICRM working group on alpha spectroMetry at

CBNM (Geel) Oct. 1981. Internat. Jour. Appl. Rad. Isot.,

to be published.

[9] PARR, R.M., Biomedical Sciences, Ch. S in "nondestructive

Activation Analysis with Nuclear Reactors and Radioactive

Heutron Sources'*, AMIEL S (ed), Elsevier, Amsterdam, 1981.

[10] SEktASTIANELLI, A., A series of lectures and practical

sessions on isotope anaytical techniques. In: Proceedings

of a Regional Training Course (5 vol., in Spanish), held

from 3 November to 11 December 1981 ic Irapuato, Mexico,

pages 347-372, 395-401, 402-430, 449-457, 458-462, 52S-563,

and 554-579.

[11] SUSCHMY, 0., DYBCZXNSKI, R., and VEGLXA, A., "Comparison of
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