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FOREWORD 

Assessment of any release of radioactivity to the environment is important for 
the protection of public health, especially if the released radioactivity can enter the 
food chain. Assessment demands rapid, reliable and practical techniques for analysis 
of various radionuclides. After a recent nuclear accident, several Member States 
requested the assistance of the IAEA in conducting radioanalyses on a large number 
of food and environmental samples and in developing their own laboratory capabili-
ties for this purpose. In the course of the Agency's response to these requests it 
became evident that there was a serious need for laboratories capable of performing 
rapid and reliable measurements of radionuclides on a variety of sample materials 
and capable of handling large numbers of samples. 

"Methods of Radiochemical Analysis", published in 1966 under the auspices 
of FAO, the IAEA and WHO, is no longer available. Since the book was published, 
several new methods have been developed and current methods have been improved 
considerably. In many cases analyses can be carried out more quickly and accurately 
by the newer methods. This is especially true for gamma ray spectrometry, which 
has enabled many of the radiochemical separation procedures to be replaced by non-
destructive measurements. 

In response to the needs of the Member States, the Agency created a new 
programme entitled Fallout Radioactivity Monitoring in Environment and Food 
(MEF) as part of the Supplementary Programme on Nuclear Safety (SPNS). A joint 
meeting of FAO, UNSCEAR, WHO, WMO and IAEA representatives was held in 
Vienna in July 1986, at which it was agreed that a comprehensive document would 
be compiled to describe the facilities, equipment and analytical methods required to 
determine the concentrations of various radionuclides in several environmental 
materials and foodstuffs. 

The overall aim of the MEF Programme is to provide national authorities of 
Member States and other International Organizations (e.g. FAO, UNSCEAR, 
WHO, WMO) with reliable analytical methods to obtain data capable of comparison 
in the case of radioactive releases. This guidebook is therefore published in the 
Agency's Technical Reports Series as a guide to the measurement of radionuclides 
in food and environmental samples, for training courses, and to help in the establish-
ment of central and local environmental laboratories. 

This guidebook does not contain rapid monitoring methods for detecting radio-
activity in food and environmental samples, although such methods, in the event of 
accidental releases of radioactivity, are essential for radiation protection authorities 
and are needed as a basis for making judicial decisions on the control in food 
consumption and international trade in food and environmental materials. 



The original draft of this document was prepared, at the request and with the 
assistance of the IAEA, by Ms. C. Klusek, Environmental Measurements Labora-
tory, New York, and Mr. O. Paakkola, Finnish Centre for Radiation and Nuclear 
Safety, Helsinki, in October 1986. It was subsequently reviewed at two IAEA 
Consultants Meetings by thirteen participants from nine Member States. Their 
modifications and additions have improved the document. A list of the consultants 
and participants from the IAEA is given at the end of the guidebook. A number of 
staff members from various Divisions of the IAEA also contributed to the final 
document. 

Mr. T. Scott, retired from Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, and Mr. R.F.W. Schelenz, IAEA, contributed to several sections and 
edited the material. 

EDITORIAL NOTE 

The mention of names of specific companies or products (whether or not indicated as 
registered) does not imply any intention to infringe proprietary rights, nor should it be 
construed as an endorsement or recommendation on the part of the IAEA. 
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Section 1 

INTRODUCTION 

This guidebook is a production of the Fallout Radioactivity Monitoring in 
Environment and Food (MEF) Programme created by the IAEA in response to 
requests from Member States. During the course of the Supplementary Programme 
on Nuclear Safety, it became evident that there was a serious lack of analytical capa-
bilities within IAEA Member States to cope with nuclear releases. The IAEA there-
fore drew upon experts and specialists in the radioanalytical field to provide 
guidelines for collecting, preparing and analysing relevant environmental material 
and basic food for radionuclides of interest. It is recognized that the reliability of the 
methods depends to a great extent on the laboratory techniques. It is therefore recom-
mended that laboratories institute training programmes in radionuclide analyses, 
develop quality control procedures, and participate in interlaboratory comparisons 
to establish and maintain the validity of their results. 

This guidebook may be considered as a back-up document of other Agency 
publications, e.g. Safety Series No. 81, Derived Intervention Levels for Application 
in Controlling Radiation Doses to the Public in the Event of a Nuclear Accident or 
Radiological Emergency (1986). The guidebook is divided into two parts. The first 
contains seven sections, including this introduction. Sections 2 and 3 provide general 
information on samples and radionuclides of interest. Laboratories new to the field 
of radioanalysis will find Section 4 particularly useful as it describes the laboratory 
equipment, space and personnel needed for radioanalyses. General instructions for 
sample collection and preparation are given in Section 5. Sections 6 and 7 briefly 
discuss analytical methods and analytical quality control, respectively. A biblio-
graphy related to the physics, analysis and measurement of radionuclides is given at 
the end of the first part of the document. 

The second part of the guidebook is composed of ten annexes. The first four 
contain detailed methods for determination of gamma emitters collectively, 
strontium isotopes, tritium, and the isotopes of plutonium, americium and curium. 
These procedures are considered reliable for the types of samples that particularly 
concern food intake. Other sources of documented methods are listed at the end of 
each section. Annex V provides a list of useful units and symbols; Annex VI gives 
information on radionuclide spectra in four types of nuclear accidents; nuclear data 
tables are listed in Annex VII; an example of a sample collection programme is 
presented in Annex VIII; some examples of Nal- and HP-Ge gamma spectrometric 
systems are given in Annex IX; and potential suppliers of calibration sources and 
reference materials are listed in Annex X. 

Inquiries concerning the availability of documents cited in the references and 
of the background material used in the guidebook may be made to the Agency. 
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Section 2 

PATHWAYS AND SAMPLES OF INTEREST 

2.1. PATHWAYS 

This section describes samples and pathways relevant to the analysis of radio-
nuclides in foods and those environmental materials that are part of the immediate 
pathways leading to contamination of food. 

The source of a release and the conditions at the site at which it occurs deter-
mine the one or more critical pathways in the environment between the point of 
discharge and man. The season of the year determines to a great extent the magnitude 
of contamination of different foods or environmental components. Figure 1 
illustrates the major pathways of radionuclides to man [1]. 

The main purpose of analysis should be fast identification of the most critical 
samples and the most important radionuclides so that the necessary rapid actions can 
be carried out. 

2.2. FOOD 

Only those foods should be sampled and only those radionuclides analysed the 
consumption of which contributes significantly to population exposure. If, for 
example, 131I is being released in proximity to cow pastures, its concentration in the 
milk produced will provide far more meaningful information than its concentration 
in air, deposition or forage samples. Nevertheless, measurements of 131I in pasture 
grass may be very important in providing an indication of the expected concentration 
in milk. For other circumstances, the need for food sampling should be based on a 
thorough understanding of agricultural practices and food consumption in specific 
areas of interest. This information is available in national food sheets [2, 3] or from 
competent local specialists. Careful attention should be given to the design of the 
sampling programme in regard to the manpower requirements, the expense, and the 
need to avoid overloading limited radiochemical laboratory facilities. 

It is recommended that food analyses be based on the determination of radio-
nuclides in individual food items rather than a mixed diet sample. Only the analysis 
of individual foodstuffs can indicate whether and which countermeasures should be 
taken to reduce doses. Food sampling for estimation of total consumption should be 
carried out at the retail level when appropriate; otherwise, it should be carried out 
at the consumption level. The selection of foods to be sampled can be based on 
individual diet or food consumption statistics. Analyses of individual foodstuffs 
should preferably be performed after preparation, taking into account the effect of 
kitchen activities such as washing, cleaning and cooking. 
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FIG. 1. Major pathways of radionuclides to man in the event of an uncontrolled release of 
radioactivity [1], 

If there is concern about short term effects, it is necessary to go back to the 
point of production in order to avoid the effect of the lapse of time between produc-
tion and consumption. The individual foods most likely to be contaminated must 
always be considered in relation to the nature of the release of the radionuclides. 

2.2.1. Milk 

Milk and milk products are important components of diet in many countries. 
Milk is one of the few foods produced over large areas and collected on a daily basis. 
Its composition is almost identical all over the world, and it is easy to collect a 
representative sample that can be analysed in liquid or dried form. 

Milk is likely to be contaminated by radioactive iodine and caesium within the 
first days after a release of volatile radionuclides. Contamination of milk will be 
greatest when cows are grazing during the fallout period, but even when cows are 
kept indoors, contamination of milk may occur by inhalation of radionuclides or 
ingestion of radionuclides in drinking water and contaminated feed. Milk from goats 
and sheep, because of their grazing habits, should be checked periodically over a 
longer period. 

3 



2.2.2. Grain and rice 

After harvesting, grain and rice are subjected to contamination only during 
storage, and only the outer layers would be contaminated. If fallout occurs during 
the growing season, radionuclides will be transported into the grain and rice through 
the plant growth process. It is relatively easy to select representative samples of grain 
and rice at harvest time. If the fallout occurs during the winter, grain will be contami-
nated only through root uptake in the next growing season. 

2.2.3. Meat 

Following an accidental release of radiocaesium, meat becomes one of the 
main sources. Contamination of meat is mainly the result of animal grazing, but 
contaminated drinking water might also be an important pathway. Inhalation of 
radiocaesium is not likely to be a significant pathway to meat. Meat sampling should 
normally be done in such a way that the composite sample is representative of a large 
number of animals, although after heavy fallout screening measurements of 
individual animals may be necessary. 

2.2.4. Aquatic organisms 

Following an accident, contamination of fish in nutrient deficient lakes may 
constitute a particularly significant pathway for the uptake of radiocaesium by man. 
Obtaining a representative sample from an area containing many lakes may require 
some compromise since collection of samples from a large number of the lakes may 
be impracticable. Ocean fish will not take up as much radiocaesium as fresh water 
fish because of the dilution through the depth of the ocean and the effective dilution 
associated with the high potassium content in the water, but particulate-associated 
radionuclides can be enriched to high levels. Mussels like Mytilus edulis, some 
species of macro algae, and other filter feeders quickly take up the contaminants 
from the sea water and can also be used as biological indicators. 

2.2.5. Vegetables 

Green leafy vegetables are very prone to external contamination during their 
growing season. Other vegetables, including root vegetables, may also become 
contaminated. It is important to obtain representative vegetable samples, and samp-
ling should be planned carefully. In the early stages of fallout, green vegetables can 
be a very significant pathway for short lived radionuclides. 
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2.2.6. Other foods 

Game and foods such as mushrooms and berries can be contaminated 
markedly, although only in very rare cases would they contribute significantly to the 
ingestion dose. It may still be advisable to analyse these foods in order to decide 
whether the levels comply with international export regulations. 

2.3. ENVIRONMENTAL SAMPLES 

2.3.1. Air 

Measurement of airborne radioactivity provides the first opportunity to identify 
the spectrum of radionuclides making up the contamination. Radionuclides will very 
rapidly appear in ground level air, and air samples can give the first indication of 
the nature of the contamination. Radioactive materials in the air may result in 
exposure to man by inhalation or ingestion of particulate matter deposited on vegeta-
tion or by ingestion of products derived from animals which were exposed to radio-
active materials through inhalation or ingestion. 

2.3.2. Water 

Rain water and snow are also early indicators of radioactive contamination. In 
some places drinking water and rain water can be significant pathways of short lived 
radionuclides, e.g. radioiodine, to man or animals. Drinking water and household 
water are potentially important pathways, directly or through their use in food prepa-
ration and processing, although dilution, time delays and water treatment can reduce 
the contamination levels markedly. Water consumed by livestock and/or used for 
irrigation purposes can also be a source of radionuclides in foods. Sea water can be 
a contamination source for seafoods (e.g. mussels, shellfish, fish, algae). Water 
from streams, lakes and ponds should also be considered as a source of 
contamination. 

2.3.3. Soil 

Contaminated soil serves as a direct source of radionuclides leading to the 
contamination of all agricultural products. Contaminated soil used in greenhouses 
could add significantly to the contamination of vegetables. 
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2.3.4. Grass 

Grass is a direct pathway of radionuclides to animals and then to man through 
meat and/or milk. The radionuclide content of grass can provide a basis for deciding 
whether cattle can be permitted to graze in a given area. 

2.3.5. Sediment 

Sediment in all types of water (sea, lake, pond and large or small streams) may 
be a source of contamination to aquatic organisms. Contaminated sedimentary 
materials used as fertilizers may increase the radioactivity levels of soil. 
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Section 3 

RADIONUCLIDES OF INTEREST 

Although several hundred radionuclides are produced by nuclear explosions or 
are present in irradiated reactor fuel, only a limited number contribute significantly 
to human exposure. These would normally include fission products and activation 
products. Radioactive noble gases, e.g. 85Kr, 133Xe, are not considered since they 
are unlikely to contribute significantly to internal exposure via the food chain. Radio-
nuclides produced in fission and activation processes which may contribute signifi-
cantly to human exposure in the event of an accident are listed in Table I [4], 

3.1. FISSION PRODUCTS 

The primary source of radionuclides produced in the fission process and found 
in the environment is atmospheric testing of nuclear weapons. The public has been 
exposed to these and other radionuclides for the past three decades or longer, but 
there has been a substantial decline in atmospheric testing in the past two decades. 
Therefore the major source of fission product radionuclides in recent years has been 
from nuclear accidents. A nuclear reactor meltdown could release a spectrum of 
radionuclides similar to that of a nuclear bomb explosion, but the ratios of nuclides 
would greatly differ for the two cases. The reason for the differences in ratios of 
radionuclides is that during the reactor operation the long lived radionuclides tend 
to build up progressively, whereas the short lived radionuclides tend to reach an 
equilibrium state at which the rate of decay equals the rate of production. The 
proportion of various radionuclides produced in the operation of a nuclear reactor 
changes with operating time and with fuel burnup. Table II shows radionuclides 
reported to be present in air and deposition samples shortly after the Chernobyl 
nuclear power plant accident, including both fission products and activation products 
[5], 

3.2. ACTIVATION PRODUCTS 

Radionuclides classified as activation products are created in nuclear reactors 
and other nuclear devices by the reactions of neutrons with fuel and construction 
materials. Activation products include the isotopes of the transuranic elements and 
radioisotopes of hydrogen, carbon, caesium, cobalt, iron, manganese, zinc, and a 
host of other radionuclides, all of which should be recognized and considered in 
determining the environmental pathways to human exposure. 
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TABLE I. FISSION AND ACTIVATION PRODUCTS WHICH MAY BE OF 
CONCERN IN HUMAN EXPOSURE [4] 

Fission 
Major 

Nuclide3 Half-life" yield 
% 

Major 
yield 

% 
decay 

Fission Sr-89 50.5 d 4.77 ß' 
products Sr-90*, Y-90 28.7 a, 64.1 h 5.76 ß', ß~ 

Zr-95, Nb-95 64.09 d, 35.0 d 6.51 ß'y, ß y 
Mo-99*, Tc-99m* 2.747 d, 6.006 h 6.09 ß'y, ß ~y 
Ru-103*, Rh-103m* 39.272 d, 56, 116 min 3.03 ß'y, ß ' y 
Ru-106, Rh-106* 372.6 d, 29.92 s 0.4 ß', ß' y 
Te-129m 33.6 d 0.661 ß'y 
1-131* 8.021 d 2.875 ß'y 
Te-132*, 1-132 76.856 h, 2.3 h 4.282 ß'y, ß ~y 
Cs-137, Ba-137m 30.0 a, 2.55 min 6.136 ß', y 
Ba-140*, La-140* 12.751 d, 1.6779 d 6.134 ß'y, ß y 
Ce-144*, Pr-144 284.45 d, 17.28 d 5.443 ß'y, ß 'y 

Activation H-3* 12.35 a ß~ 
products C-14 5730 a ß' 

Fe-55* 2.75 a EC 
Fe-59* 44.53 d • ß'y 
Mn-54 312.5 d EC, 7 
Co-60 5.27 a ß'y 
Zn-65* 243.9 d EC, 7 
Cs-134* 754.2 d ß'y 
Np-239* 2.355 d ß'y 
Pu-241, Am-241* 14.35 a, 432.0 a ß~, ay 
Cm-242* 162.94 d a 

Pu-238* 87.7 a a 
Pu-239* 2.411 x 104 a a 

Pu-240* 6.563 x 103 a a 
Pu-242* 3.735 x 10s a a 

a An asterisk indicates that half-life has been revised according to Ref. [VII.2]. 
b Half-life is given in minutes (min), hours (h), days (d) and years (a). One year = 

365.25 days. 
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TABLE II. RADIONUCLIDES REPORTED IN AIR AND DEPOSITION 
SAMPLES SHORTLY AFTER THE CHERNOBYL NUCLEAR POWER 
PLANT ACCIDENT [5] 

Nuclide3 Half-lifeb Major decay 

H-3 12.35 a ß~ 
Sr-89 50.5 d ß~ 
Sr-90* 28.7 d ß~ 
Zr-95 64.09 d ß~y 
Nb-95 35.0 d ß~y 
Mo-99* 2.7476 d ß-y 

Ru-103* 39.272 d ß~y 
Ru-106 372.6 d ß~ 
Ag-110m 249.79 d ß~y 

Cd-115 2.2 d ß'y 
Sb-125 1008.1 d ß-y 

Sb-127 3.9 d ß~y 
Te-129m 33.6 d ß-y 

Te-131m 30.0 d ß-y 

Te-132* 3.204 d ß~y 
1-131 8.021 d ß-y 

1-133 20.3 h ß-y 
Cs-134* 754.2 d ß'y 
Cs-136 13.0 d ß-y 
Cs-137 30.0 a ß~ 
Ba-140* 12.751 d ß y 
Ce-141 32.50 d ß y 
Ce-144* 284.45 d ß y 
Np-239* 2.355 d ß-y 
Am-241* 432.0 a a y 
Cm-242* 162.94 d a 
Pu-238* 87.70 a a 
Pu-239/240* 2.411 x 104 a/6.563 x 103 a ala 
Pu-241* 14.35 a ß~ 
Pu-242* 3.735 x 105 a a 

a An asterisk indicates that half-life has been revised according to Ref. [VII.2]. 
b Half-life is given in hours (h), days (d) and years (a). One year = 365.25 days. 
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3.3. NATURAL RADIOACTIVITY 

The major naturally occurring radionuclides include the isotopes of uranium 
and thorium plus their daughters and 40K. Measurements of these natural activities 
are not considered in this guidebook except in regard to their influence on the back-
grounds of counting instruments. Information on the natural radioactivity in man and 
his environment has been reviewed by the United Nations Scientific Committee on 
the Effects of Atomic Radiation (UNSCEAR) [6], 

3.4. RADIONUCLIDES OF SPECIFIC INTEREST IN FOODS AND THE 
ENVIRONMENT 

In regard to internal exposure from ingestion of food and water and to the 
contamination of environmental materials which are part of the immediate pathways 
leading to contamination of food, the most important radionuclides to be assessed 
following a release of radionuclides from a uranium-fuelled reactor to the environ-
ment are 134Cs, 137Cs (137mBa), I31I and other gamma emitters, the beta emitters 
89Sr, 90Sr and tritium, and the alpha emitters 238Pu, 239 + 240Pu, 241 Am and 242Cm. 

The levels of radionuclides in the environment and food have been extensively 
compiled by UNSCEAR [6, 7], In general, the radionuclides of major importance 
in the contamination of food and environmental samples (materials which are part 
of the pathways leading to food) are: 

Air 131I, 134Cs, 137Cs 

Water 3H, 89Sr, 90Sr, 131I, 134Cs, 137Cs 

Milk 89Sr, ^Sr, 131I, 134Cs, 137Cs 

Meat 134Cs, 137Cs 

Other foods 89Sr, 90Sr, 134Cs, 137Cs 

Vegetation 89Sr, 90Sr, 95Zr, 95Nb, 103Ru, 106Ru,131I, 134Cs, 137Cs, 
144Ce 

Soil ^Sr, 134Cs, 137Cs, 238Pu, 239+240Pu, 241Am, 242Cm 

This group of radionuclides is most likely to be of concern in terrestrially 
produced foods. Biological concentration processes in fresh water and marine 
systems can result in very rapid transfer and enrichment of specific radionuclides. 
The radionuclides which enter such systems can in certain cases be rapidly accumu-
lated by plankton and algae. These organisms serve as food for higher trophic levels; 
thus the radionuclides become concentrated in organisms such as oysters, clams, 
shrimp, etc. Radionuclides of particular concern in fresh water and marine food 
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chains include: 54Mn, 55Fe, 59Fe, 60Co, 65Zn, 95Zr, 95Nb, 103Ru, 106Ru, 110mAg, 
125Sb, 13II, 134Cs, 137Cs, 141Ce, 144Ce and some of the transuranic elements. 

Many other radionuclides would be present in debris from a nuclear accident, 
and their potential contribution to human exposure depends on the type of accident 
and the circumstances at the time of the accident. Since there are several types of 
fuel, the spectra of radionuclides that would be present in accidental releases could 
be somewhat different. In Annex VI, four nuclear accident scenarios are considered, 
and the radionuclides which would be of concern during varying periods of time are 
presented. The scenarios considered in Annex VI are: 

— Reactor meltdown with failed containment, 
— Reactor meltdown with particle containment, 
— Nuclear fuel reprocessing plant release, 
— Plutonium fuel fabrication plant release. 

11 



Section 4 

REQUIREMENTS FOR LABORATORIES, 
EQUIPMENT AND PERSONNEL 

An environmental programme for monitoring radioactivity should include 
adequately equipped and staffed laboratories. A good plan is to have a fully equipped 
central laboratory and local monitoring laboratories capable of screening materials 
that can be subsequently sent to the central laboratory for more detailed evaluation. 

4.1. CENTRAL ENVIRONMENTAL LABORATORY 

A central laboratory should have the facilities, equipment and personnel neces-
sary to perform detailed analyses on all types of environmental materials and food 
for the relevant radionuclides associated with any type of nuclear operation which 
could accidently release radioactivity to the environment. This means that the labora-
tory would be capable of performing the required chemical separations and nuclear 
measurements for determination of: 

— Gamma emitters by non-destructive gamma ray spectrometry as described in 
Annex I; 

— ^Sr and/or 89Sr by the method outlined in Annex II; 
— Tritium by liquid scintillation counting as presented in Annex HI; 
— Transuranic elements by chemical separations and alpha spectrometry as 

outlined in Annex IV. 

This laboratory could also serve as a national central reference laboratory for low 
level radioactivity measurements. 

The size of the facilities needed for these functions depends on the number of 
local nuclear installations (e.g. reactors, reprocessing plants), on food import 
controls and on the overall need of the country's radiation protection programmes. 
Table III lists the number of rooms and the area recommended for a central labora-
tory's activities. 

Obviously, organizations that are just beginning to set up monitoring facilities 
may not be able to establish a full-scale operation as outlined here. However, good 
judgement in selecting the appropriate facilities and equipment will facilitate the 
establishment of a scaled down and adequate monitoring laboratory. As an example, 
the plan for a national central environmental laboratory that is being constructed by 
the Sudan Atomic Energy Commission is given in Fig. 2. Another option may be 
to combine the facilities of several organizations in a co-operative effort to establish 
a monitoring laboratory. 
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TABLE III. ROOMS AND AREA RECOMMENDED FOR A CENTRAL 
ENVIRONMENTAL LABORATORY 

Operations 
No. of Area 
rooms (m ) 

Sample registration, storage and preparation: 7-8 130-180 
Evaporation and drying 
Grinding 
Ashing 
Handling of higher activity samples 

Gamma ray spectrometry laboratory: 3-4 90-120 
Preparation and storage of samples 
Counting room 
Computer room3 

Alpha spectrometry laboratory: 3-4 60-70 
Radiochemical laboratory 
Counting room 
Computer room3 

Tritium laboratory: 3-4 60-70 
Sample preparation by distillation 

(electrolytic enrichment) 
Liquid scintillation counting room 

Strontium laboratory: 3-4 80-100 
Radiochemical laboratory 
Beta counting room 
Computer room3 

Offices, administration: 
Social rooms, library, etc. 4-10 80-150 

23-34 500-690 

One computer room can serve the needs of all the counting rooms, which can also be 
combined. The size of the operation will determine how practical combining these 
facilities would be. 
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NORTH ELEVATION 

GROUND FLOOR PLAN 

22 m 

FIG. 2. Sudan Atomic Energy Commission's plan for a central environmental laboratory. 

4.1.1. Laboratory design 

The central laboratory should be designed and built according to the require-
ments of a normal analytical laboratory with a few additional features such as special 
ventilation, specially designed rooms for receiving and storing samples, and 
specially constructed nuclear measurement facilities (counting room(s)). 

The ventilation system should be designed to filter incoming air to all areas and 
to maintain the lowest pressure in areas used for handling high activity samples and 
for preparing the samples. The sample receiving room(s) should be at low pressure 
to prevent any possible contamination of other laboratories by incoming samples. 
Wet chemistry laboratories should have well ventilated fume hoods. Air supplied to 
the counting room(s) should be passed through additional charcoal filters (when 
necessary) to remove gaseous radionuclides. The (filtered) air should not be recy-
cled. This type of filtration is important in the event of a nuclear accident in which 
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radioiodine and radioactive noble gases may present serious contamination 
problems. Counting rooms should be under positive pressure at all times. Constant 
temperature and humidity should be maintained in counting and computer rooms and 
should be set according to the recommendations of the manufacturers of instruments 
and equipment. Normal temperatures recommended for counting rooms are between 
20°C and 26°C. 

Special consideration should be given to the design and construction of 
counting rooms. Construction materials should be selected so as to have a minimum 
of background from natural radioactivity, and the floors should be capable of 
carrying a load of at least 2000 kg/m2 in order to support heavy detector shields. 

Sample receiving rooms should be equipped with radiation monitoring instru-
ments for surveying incoming samples. There should be adequate labelling and 
registering equipment so that each sample can be precisely identified. Storage space 
should be available to accommodate all types of sample materials. Storage shelves 
or bins should be constructed of materials that are easily decontaminated in case of 
spills, etc. 

4.1.2. Laboratory equipment 

Several items of instrumentation and equipment will be required in addition to 
those of a normal laboratory: 

A. Radiation measurement instrumentation 

Instruments for nuclear measurements can be divided into three general 
classes: those for measuring alpha, beta and gamma emitters. 

(1) Instrumentation required for alpha measurement: 

— Portable survey instrument(s) for monitoring incoming samples. 
— Alpha spectrometer system consisting of: 

(a) Silicon surface-barrier detector in a vacuum chamber with all 
necessary electronics such as power supply, preamplifier, ampli-
fier and analog-to-digital converter (ADC) (the efficiency of an 
adequate alpha detector should approach 25% and the detector 
should have an active surface area of 3-5 cm2); 

(b) Multichannel analyser (MCA) with a minimum of 400 channels, 
with a display screen and keyboard; 

(c) A high-speed printer. 

This system could consist of a 4096-channel analyser with four or more separate 
inputs from four or more detectors routed through a multiplexer. 
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(2) Instrumentation required for beta measurement: 

— Portable, thin-window, Geiger-Müller, beta-gamma survey instrument 
for monitoring incoming samples. 

— Low background, gas-flow, anti-coincidence beta counter(s). Some beta 
counting systems of this type are capable of making multiple simultane-
ous measurements (as many as 16 or more). Also, these systems have 
a variety of input and output capabilities; for example, some are 
programmable and equipped for printing full reports in selected units. 

— Liquid scintillation counter. A cooled, low background liquid scintilla-
tion counter is recommended, but modern benchtop scintillation counters 
are nearly as good for measuring tritium and other low energy beta 
emitters and (under certain conditions) alpha emitters. 

(3) Instrumentation required for gamma measurement: 

— Portable gamma measurement systems to monitor incoming samples. 
Usually the beta/gamma survey instruments are adequate. However, 
several portable germanium detector systems which could be used for 
this purpose as well as for field measurement are available. 

— A fully integrated gamma spectrometry system for qualitative and quan-
titative determination of gamma emitters. The system should comprise 
a germanium detector, shield, multichannel analyser (MCA), high-speed 
printer, and (optionally) a plotter. The system should be equipped with 
a germanium diode semiconductor detector with a relative efficiency of 
about 20% and a resolution of about 2.0-2.2 keV. The detector should 
be contained in a lead shield, with wall thickness of about 5-10 cm. 
Germanium detectors require liquid nitrogen for cooling. Figure 3 
shows typical shields with liquid nitrogen Dewars. With the proper 
ADCs and multiplexers, a single MCA system can be used for both alpha 
and gamma spectrometry. Figure 4 shows a typical spectrometer system 
with MCA and detectors. Further examples of equipment are given in 
Annex IX. 

— A gamma ray counter and/or spectrometer equipped with a 
7.62 cm x 7.62 cm Nal(Tl) detector (8% resolution), a 2048-channel 
analyser and a lead shield with an inside diameter of about 20 cm and 
a wall thickness of 5-10 cm. 

Other laboratory equipment 

(1) Special equipment will be required for sample collection and preparation 
and for laboratory use: 

— Truck or other type of vehicle and/or boat for sampling according to the 
environmental programme; 





FIG. 4. Typical spectrometer system with multichannel analyser detector. 

— Large refrigerator for preserving samples; 
— Freezer for storing samples; 
— Crusher and/or grinder (see Fig. 5); 
— Evaporator or evaporation lamps; 
— Large drying oven; 
— Large muffle furnace (min. requirement 600°C, preferably 800°C) (see 

Fig- 6); 
— Freeze dryer (as an option). 

(2) Additional items needed for the laboratory are: 

— Electrolytic enrichment unit; 
— Multicelled electrodeposition system (four or more cells) with controlled 

(constant current) power supply; 
— Large centrifuge with at least four positions of 250 mL capacity each. 

4.1.3. Personnel requirements 

The following list gives an idea of the personnel required to staff a central 
environmental laboratory: 
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FIG. 5. Typical grinder used in preparation of samples. 

1 manager (chief scientist); 
3 scientists; 
3 senior technicians; 
6 technical assistants; 
1 secretary; 
1 typist; 
1 field technician to operate trucks, other vehicles and boats for sample 

collection; 

1 maintenance and service technician familiar with electronic equipment. 

Further assistance personnel according to the customs of the country. 
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FIG. 6. Muffle furnaces with exhaust systems. 

4.2. LOCAL MONITORING LABORATORIES 

4.2.1. Genera l description 

A local laboratory should service a relatively restricted geographical area. It 
can be located in a food or environmental laboratory that is routinely analysing food, 
water, or other environmental samples. Such a laboratory need not necessarily be 
normally engaged in measuring radioactivity but may have been designed for chemi-
cal, microbiological, and/or other analyses. These laboratories could be placed at 
customs facilities, food import entry locations, or large food processing installations. 

A local laboratory needs only relatively simple counters for radioactivity 
measurement. To obtain reliable results their measurements must be based on the 
standards and calibrations provided by the central environmental laboratory. This co-
operation between the local and central laboratories must be actively maintained, and 
a system of measuring and reporting to the central laboratory must be appropriately 
organized. 

The staff of local laboratories must undergo continuous training in order to 
maintain the radioactivity measurement capability adequate for routine measure-
ments and to be ready for any possible emergency. The work of these laboratories 
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