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ABSTRACT 

In view of the need to carry out more extensive studies 
on the design of newly proposed methods for the treatment of 
radioactive wastes collected at PNRI, this study is aimed to 
provide a guide in the characterization of wastes which is a 
preparatory step for a well-planned waste processing. 
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1.0 INTRODUCTION 

The continued development and use of nuclear energy 
results to radioactive contamination. 3uch contaminations 
which could generate radioactive wastes may result from many 
sources such as uranium and thorium ore processing plants; 
nuclear fuel fabrication plants; reactor installations - both 
fixed and mobile; fuel reprocessing plants; applications of 
radioisotopes in medicine, research, agriculture, and 
industry; fall out from nuclear explosion. 

The analytical methods for the characterization of the 
resulting radioactive wastes must therefore be planned. Before 
considering the technical aspects of sampling, analysis, and 
interpretation of results, it is well to consider the likely 
sources of radioactive contaminations and their 
characteristics because these will form a basis for planning 
a program for analytical waste characterization. This will 
serve to identify wastes characteristics through a thorough 
understanding of the waste-generating processes, waste 
streams, and operating procedures. 

2.0 SOURCES OF RADIOACTIVE CONTAMINATION 

2.1 Ore Production and Processing 

The mining and milling of uranium, thorium, and radium 
ores can cause contamination of the environment. The 
purification of these ores involve processes which generate 
liquid wastes containing those radioactive elements and their 
daughters. Radium concentrates are usually precipitated and 
stored as sludges, while uranium concentrates pass on to later 
production steps. 

2.2 Nuclear Fuel Production 

The conversion of uranium concentrate to the compounds of 
U0,, UF #, or UF, and the corresponding steps in thorium 
treatment generate dust, mists, or fumes. Exposure of workers 
may be minimized by contaiment of the material and by 
ventilation. Air cleaning prior to discharge is carried out by 
scrubbing or filtration of the exhaust stream. 3olid wastes 
are therefore generated from the airborne dusts collected on 
filters and minimum liquid wates resulting from stripped 
contami nat i on. 
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2.3 Nuclear Reactor Installations 

Most nuclear and research reactors operate on closed 
cycle coolant systems with purification of coolant during the 
cycle. In some cases, there is a special problem of tritium. 
Accidental release may involve only the coolant, but if the 
fuel elements have been damaged, mixed fission products and 
fissionable material may appear. In normal operation, only 
induced activity, e.g., "A, and corrosion products appear; in 
accidental release, gaseous fission products and solid 
particles of fissioned and fissionable materials appear. 

2.4 Nuclear Fuel Reprocessing Plants 

When spent reactor fuel elements are dissolved at the 
beginning of the chemical processing, those fission products 
that are gaseous under conditions employed - chiefly iodine 
and ruthenium and the inert gases krypton and xenon -will be 
released in the off-gas stream. Thus, if fuel elements are 
cooled for only short periods after removal from the reactor 
and prior to dissolution, large quantities of isotopes of 
iodine will be produced. Most of this activity is retained by 
scrubbing. ' 

Separation of unfissioned materials yield solutions of 
mixed fission products with very high activity levels. These 
are treated and stored, usually in tanks, with or without 
separation of cesium and strontium. Normal releases include 
low-level fission-product solutions and washings with possible 
traces of fissionable materials. Accidental releases could add 
appreciable amounts of radioactivity to disposal streams. 

2.5 Hospitals and Medical Laboratories 

Radionuclides are widely used in hospitals for diagnosis 
and therapy as well as for medical res-nrch. In diagnosis and 
therapy they may be used in gaseous, liquid, or solid form, 
and may be taken internally or externally. Radionuclides in 
liquid wastes in the form of spent solutions or body 
discharges are generally of short ha If-lives. 

Medical and biological researches also generate 
combustible solid wastes may include straw bedding, cage 
cleanings, animal carcasses, pathologically contaminated blood 
samples and other biological wastes materials. 

Hospitals also use sealed radiation sources for 
teletherapy and brachytherapy. The radionuclides generally 
used in teletherapy are "'Cs and "Co. Because of the large 
activity of these sources, (0.1 to 0.5 PBq) they are used in 
heavily shielded "radiation heads" which are usually not 
designed for use in transport. 
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Brachytherapy sources are small, and are often handled 
one by one without any shielding during use. 

2.6 Radioisotope Laboratories and Industrial Applications 

For radioisotope laboratories and industries the variety 
of isotopes and activity levels are likely to be much greater 
than those of hospitals and medical laboratories. Long-lived 
isotopes are commonly used. Industrial sites may present a 
broad spectrum of isotope utilization. Generalization is not 
applicable and cases must be treated individually. 

3.0 IDENTIFICATION OF THE PROPERTIES OF RADIOACTIVE WASTES 

The selection of a treatment process for radioactive 
wastes is, to a large extent, determined by the physical, 
chemical, and radiological properties of the waste. 

The knowledge of the effect of combining conditioning 
materials with certain radioactive wastes is often necessary 
to optimize the conditioning formulations. The variability of 
the chemistry of the waste materials contributes affects the 
complexity of the method of waste conditioning applicable. 

The chemical composition of a liquid is, in principle, 
the decisive factor in selecting a certain decontamination 
procedure. Knowledge of the composition of the radioactive 
wastes generated simplifies the task of selecting the types of 
analysis to be made on certain waste samples obtained. The 
analysis of a waste effluent for specific radionuclides may be 
done when gross activity exceed values previously found to be 
normal. Reference is made to the recommended maximum 
permissible concentration for discharge. 

3.1 Physical Properties 

A common basis for describing physical properties of 
matter is to classify them as being in either a solid, liquid, 
or gas. 

On the above basis, some of the important physical 
characteristics of a waste which can be considered in the 
choice of treatment method are the following: 

density 
turbidity 
emulsifying ability 
surface tension 
viscosity 
electrical conductivity 
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One of the most important characteristics affecting 
physical behavior of wastes is the density. It has significant 
effect on both liquid and gas permeability. It is also 
directly related to compressibility which controls the 
deformation behavior of wastes. 

The density and viscosity may have some bearing on the 
pumping and mixing performance of the liquors, while surface 
tension affects incorporation of powdered reagents. 

The electrical conductivity of an aqueous liquid gives 
some measure of its dissolved salt content and will indicate 
whether or not electrochemical treatment can be considered. 
Turbidity indicates the presence of colloidal particles which 
may be removed by some separation process. 

Emulsion formation can possibly occur due to the presence 
of organic substances in an effluent. This could adversely 
affect the efficiency or effectivity of flocculation and 
filtration. 

3.2 Cheaical Properties 

The chemical properties of aqueous wastes that have to be 
taken into account in considering the treatment process to be 
adopted includes: 

pH va1ue 
chemical bonds 

- characteristic chemical reactions 
- toxicity 

thermal properties 
- chemical oxygen demand (COD) 

biological oxygen demand (BOD) 

The pH value may cause precipitation of sparingly soluble 
compounds either intentionally or accidentally, can alter the 
ionic species present in solution and adds to the chemical 
load of the liquid effluent. 

The ionic species present in the waste will be determined 
by the redox potential and the stability constants of the 
possible species and may be anionic, cationic, or neutral. 
Organic componds which may be present in either a separate 
phase or in solutions could interfere with conventional 
treatment process for aqueous mixtures. 

Thermal properties should be considered in the choice of 
method for waste conditioning. Excessive heat may develop when 
the waste material is combined cement mixture resulting to 
swelling and cracking. 
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The chemical oxygen demand (COD) is a measure of the 
amount of oxygen required to oxydize organic and oxidizable 
inorganic components of wastes. It is necessary when 
degradation of waste material by oxidation is being 
considered. 

The biochemical oxygen demand (BOD) is a measure of the 
amount of oxygen consumed in the biological processes that 
breaks down organic matter in waste water. 

3.3 Radiological Properties 

The composition of radioactive waste streams covers a 
very wide range regarding the levels alpha, and beta-gamma 
emitting nuclides. The specific acivity of the wastes 
determines whether it is classified as low-activity or high-
act ivity .level. The half-life of the radionuclide content of 
the waste liquor determines whether it can be classified as 
long-lived or short-lived. 

The radiological properties of a given waste stream 
affect the choice of treatment process, the safety of its 
operation, and the radiological effect on the operators and on 
the environment. 

In precipitation process, the high sorption capacity of 
some floes may result in high radionuclide concentrations in 
the sludge. High loadings of beta-gamma emitters will increase 
the radiation doses to equipment and may require increased 
biological shielding. 

The radiation stability of separated sludges and any 
immobilization matrices has to be taken into account. 
Considerations have to include radiolysis which generates 
flammable or toxic gases, degrades organic materials to 
products that may interfere with the treatment process or can 
catalyse reactions leading to a rapid or violent release of 
energy. 

3.4 Biological Characteristics 

Liquid wastes arising from medical diagnostic/research 
laboratories may be examined on the basis of the waste 
generators' activities. This is to determine the presence of 
biological/pathological contamination which may be present in 
the waste stream. In the Philippines, the PNRI Waste 
Acceptance Criteria requires such kind of wastes to undergo 
treatment at the source in order to destroy the harmful 
microorganisms present prior to the shipment of the wastes to 
PNRI waste management facility. This is to protect the health 
and safety of the facility operators and the environment as 
wel 1 . 
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The presence of harmful microorganisms such as M. Leprae 
and Mycobacterium Tuberculosa s bacteria in C-14 liquid wastes 
from pathological laboratories which may be undestroyed by 
pre-treatment may also be a factor to be considered in 
characterizing wastes based on the choice of waste treatment. 
Such kind of waste may be considered for incineration which is 
a means of waste treatment/disposal that can destroy both 
organic materials and harmful microorganisms. 

4.0 ANALYTICAL PROCESS OF WASTE CHARACTERIZATION 

The analytical process may be divided in into five 
stages: (1) preliminary consideration, (2) sample 
preparation, (3) isolation of the sought-for constituent in 
measurable form, 14) radioactivity measurement, and (5) 
calculation and presentation of results. 

The above outline does not represent a universal process 
through which all samples must go in order to be analyzed; in 
many cases it is possible to omit or combine some steps of the 
process, with a consequent saving in labor. 

4.1 Preliminary Consideration 

There are several aspects of an analysis that must be 
clarified even before a sample is taken, and that help to 
determine how the subsequent stages of the analysis may best 
be carried out. 

Analytical results can have little meaning unless careful 
attention has been given to sampling procedures; if the sample 
is non-representative, the analytical results will also be 
non-representative. Generally, samples may be of three types -
single, composite random, or continuous. A single or 

composite-random sample gives information applicable only to 
the time of sampling, and cannot be extrapolated to other 
situations. Continuous sampling provides information of a 
dynamic nature and permits, for example, evaluation of the 
impact of radioactive discharges on an environment over a 
period of time. 

A sample should be representative of the composition of 
the medium selected and should include proportionate amounts 
of particular matter in case of gas sample, or suspended 
matter in the case of liquid sample. 

Trie size of sample required is determined by the levels 
of radioactivity and the number of radiochemical separations 
to be performed. 
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Analysis may be classified as qualitative or 
quantitative. Qualitative analysis involves identification of 
unkown radionuclides while quantitative analysis involves only 
measurement of the quantity of the known components. In many 
cases both methods should be applied. 

4.2 3ample Preparation 

The primary purpose of the sampling procedure is to 
obtain a workable sample of laboratory size that properly 
represents- the average composition of the bulk specimen from 
which the sample is taken. 

Sample preparation also includes measurement of the 
amount taken for analysis. Solid samples are usually weighed 
out with a balance. Gaseous or liquid samples are generally 
measured out most easily and rapidly by volume. The precision 
in measuring out the sample should be at least as great as the 
precision desired in the analysis. Most solid samples contain 
appreciable amounts of moisture, and are dried under 
conventionally selected conditions before being weighed. 
Results are then reported on a dry basis. 

4.3 Analytical Methods 

The selection of an analytical method for the 
determination of an individual element ior group of elements) 
must be based upon the degree to which it meets the following 
requirements: 

<1) it should be sensitive and specific; 
(2) it should be precise and accurate; 
(3) it should be rapid; 
(4) it should be economical in material and 

instrumentation; 
(5) it should be applicable to a wide variety of sample 

material, or matrices. 

It is emphasized that mere possession of necessary 
equipment and procedural details does not ensure the ability 
of a laboratory to carry out work of this type. The same 
careful laboratory techniques are required as in other fields 
of analytical chemistry and radiochemistry. 

The results of analysis should be reported in units which 
are generally accepted. 

4.4 Instrumentation 

Instrumental techniques are clearly of considerable 
importance in the analysis of all types of waste samples. 
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4.4.1 Standard Equipment 

The general requirements for »aboratory counting 
equipment include high sensitivity to the measured 
radiation, high counting efficiency, stability, and low 
background counting rates. It is desirable that those 
requirements should be met in simple, easy-to-maintain, 
low-cost instruments, but ideal conditions are not always 
r ea 1 i zed . 

A. End-window Geiger Counter 

This is a simple counting device with a high 
sensitivity for most beta radiation and a 
satisfactory sensitivity for alpha and gamma 
measurements. The counting efficiency for beta 
radiation is approximately 25% with the sample 
close to the window, and in a suitable shield, 
background counting rates of about 20 cpm are 
possible. Lower backgrounds of about 5 cpm are 
found with small-volume Geiger tubes. 

B. Ionization Chamber 

This device is recommended only for radon 
alpha counting, where the sample is introduced into 
the chamber, although tritium may be counted 
similarly. In this application, all counter 
requirements can be met, with counting efficiencies 
of over 80% and backgrounds of less than 0.2 cpm. 

C. Proportional Counter 

With or without a window (a window improves 
counting characteristics when the sample must be 
mounted on a non-conducting sample holder.), the 
gas-flow proportional counter is ideal for alpha 
and beta counting. All counting requirements are 
met, with counting efficiencies of about 50% and, 
with shielding, backgrounds of less than 10 cpm for 
beta and 0.2 cpm for alpha measurements. The 
ability to count alpha disintegrations in the 
presence of beta and gamma activity and beta 
disintegrations in the presence of gamma activity 
is an added advantage. 

D. Anticoincidence 3ystems 

Anticoincidence systems reduce the background 
counting rate for Geiger or proportional beta 
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counting by a factor of more than five without 
changing other characteristics. These systems are, 
of course more complex and costly. 

E. Alpha S c i n t i l l a t i o n Counter 

This device can measure alpha disintegrations 
in the presence of beta and gamma activity. Using a 
standard photomultiplier and zinc' sulphide 
phosphor, counting efficiencies of about 40% with 
backgrounds of less than 0.1 cpm are attainable. 
Other requirements are also fulfilled. 

F. Gamma Scintillation Counter 

Gamma scintillators, usually sodium iodide 
crystals, offer the most sensitive counting system 
for gamma rays. Flat or well-type crystals show 
counting efficiencies of 5 to 20% but even with 
heavy shielding, backgrounds of about 100 to 200 
cpm are common. Lower background counting rates are 
possible by use of energy discrimination, but this 
causes a marked increase in complexity and cost. 

G. Other Instruments 

3everal other systems, such as automatic 
sample changers, aro useful where large numbers of 
samples are processed, and alpha pulse-height 
analysers are useful for rapidly distinguishing 
alpha emitters. 

H. Standardization 

The instruments used for assessing the 
radioactivity of samples register only a fraction 
of the number of disintegrations. To find the 
actual activity, it is necessary to standardize the 
instruments. The major points to be considered are: 

(1) the geometric efficiency of the counter; 
(2) the sample mounting; 
(3) the type and energy of the emitted 

radiation. 
The first two points are taken cared of by 

exactly reproducing mounting techniques and 
counting samples and standard on the same counter. 
The diversity in energy of beta and gamma emission 
from different nuclides makes it essential that. 



standardization should be carried out with 
calibrated standards of the same nuclide. In 
addition, the standard should be of the same 
chemical form as the sample. 

• .4.2 G a — a Spectrometry 

The instrument consists of a thallium-activated 
sodium iodide crystal, usually no* smaller than 2.54 cm 
X 3.81 cm diameter, combined with a photomultiplier. 
Gamma rays from the sample which are absorbed in the 
crystal give rise to photoelectrons. These produce 
scintillations which in turn are detected by the 
photomultiplier. The output of the photomultiplier is 
amplified and the output pulse is passed to a single-
channel pulse-height analyzer and recorded or, in some 
instruments, to a multi-channel analyzer. 

After calibration with the relevant radionuclide 
presented to the crystal under identical geometrical 
conditions, measurements of the photoelectric peak area 
(or peak height) permit the determination of the 
radionuclide in the sample. Correction may need to be 
made for Compton distribution from any higher energy 
gamma -ays present and this can be done graphically or by 
an instrumental modification involving the coincident use 
of a second crystal of anthracene. 

The main advantages of the technique are as follows: 

(1) Avoidance of pre-treatment. Destruction, 
chemical pre-treatment, and contamination of 
bulky samples is avoided and a direct physical 
measurement is made. 

(2) Time saving. The method is fast (in 
favourable cases 10-15 minutes) and avoids 
separation and isolation of the radionuclide. 

(3) Adaptability to range of materials. Gases, 
liquids, and solids can be examined. 
Vegetation, faeces, etc., can be reduced to a 
liquid form by maceration if required; the 
small resulting differences in gamma ray 
attenuation can generally be neglected. 
Particulates from air collected in filter 
papers can be directly examined. 

(4) 3ensitivity. A detection limit of 0.002 
microcurie of "'I per liter in liquids is 
readily attainable. 3ensitivity can be further 
improved by choosing low "K content. 

(5) Versatility. Often a number of radionuclides 
can be determined conveniently on a single 
sample. Instrumental flexibility is good, high 
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and low-level samples can be handled, and 
conditions of recording can readily be altered 
according to need. 

(6) Stability and Precision. The overall stability 
of the gamma spectrometer is good. Calibration 
constant often remains to within +. 5% for a 
week or more. 

(7) Application to range of radionuclides. Many 
important gamma emitters can be determined by 
this technique. 

4.5 Gross Activity 

P ocedures for the measurement of mixed unidentified 
radioactive materials should be adopted only with the 
recoonition that very grievous errors may be involved ; such 
errors arise because radiometric standardization is 
impossible. Gamma spectrometry is of great utility in the 
qualitative and semi-quantitative examination of such samples. 

4.5.1 Sample Preparation 

3olid material is dried and ignited in a muffle 
furnace and homogenized by grinding, sieving, and 
shaking. Ash weight and wet weight of vegetation samples 
should be considered since results is reported as the 
product of the result and the ratio of the ash weight to 
the wet weight. 

Liquid samples may be evaporated and counted 
directly, keeping in mind the severe limitations imposed 
upon accuracy, sensitivity, and specificity. 

In the case of waste water samples, it is advisable 
to separate the suspended matter by filtration, and to 
make separate determinations of the gross activity on the 
filter and in the filtrate. 

4.5.2 Counting Procedure 

(a? Count the alpha activity by mounting the 
sample as a lightly-packed, even layer in an 
8-cm diameter aluminum tray, the upper surface 
of the sample being level with the lip of the 
tray. 

<b) Count the beta activity by mounting the sample 
in a cardboard container 2 in, in diameter and 3/5 in. deep, 
the upper surface of the sample being level with the lip of 
the container. 
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5.0 CONCLUSION 

The analytical procedure in characterizing wastes should 
start from the examination of its source. This will help 
provide a rough projection of the waste composition, 
characteristics, and estimated range of activity. 

Wastes are characterized as a systematic preparatory 
procedure for the planned waste treatment and conditioning. 
Aside from the knowledge of the source, it is also important 
to determine the properties of wastes that may affect the 
treatment process and final waste form characteristics. Such 
properties are physical, chemical, radiological, and 
biological. These properties should also be considered in the 
preparation of waste sample for analysis. The choice of the 
method for analysis largely depend on the type of radionuclide 
which are most likely present. 
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