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Abstract 
  

This thesis deals with the detection and analysis of low-level natural and induced 
radioactivity. Using high energy-resolution Ge detectors in low-level counting areas airborne 
radioactivity’s like Be-7 and Cs-137 have been investigated.  The experimental facilities and 
techniques are described in some detail. 

 
One of the aims in this work is the studying of change detection in the amount of the activity 

received on the earth from events that happen at the solar system. Information about this is 
achieved by measuring the activity of the Be-7 isotope, which is a very good indicator of the 
solar protons that reach the atmosphere of the Earth. Therefore Be-7 probes the variation of the 
boundary conditions on the Earth related to solar events as well as transportation between the 
atmospheric layers, troposphere and stratosphere, which are the layers nearest to the ground. 
Results obtained by this work refer to the seasonal variation and the eleven years sun cycle in 
addition to the two to three years cycle expected by some scientists. These results are shown in 
many figures of the activity measurements and the Fourier transformation of the intensity of the 
Be-7. 

 
The effect of the man-made radiation in the air was studied by collection of Cs-137, which 

was contaminating most of countries in the world after the Chernobyl accident. Our search for 
low levels of Cs-137 shows how important it is to use a Low Level Laboratory, like the one at 
AlbaNova, for measurements of novelty and change. 
 

Studying the airborne activity in Sweden and Finland at the same time and time interval gives 
us a possibility to look for correlations of the fall down of the Be-7 activity from the upper layers 
of the atmosphere simultaneously in both countries.  
 

This thesis also involves the results of Neutron Activation Analysis Technique applied to the 
general human food, milk, vegetables and grains.  The experiments were performed at the 
neutron beam of the Iraqi reactor IRT 5000 at Baghdad. The goal of the experiments was to 
determine iodine and other trace elements after the Chernobyl accident compared to results from 
different countries.  

 
An exploratory, preliminary study of airborne activities, following e.g. an accident at a 

nuclear power plant, or leakage of radiation from any source of contamination at any region, 
using a small, expendable unmanned aerial vehicle is also discussed briefly.
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1.       INTRODUCTION 

1.1     Novelty and Change Detection 

Novelty detection is the identification of new or unknown data or signals. Novelty is 
sometimes viewed as the quality of “being new”. Although it may be said to have an objective 
dimension, it essentially exists in the subjective perceptions of individuals. Referring to 
something novel generally means that it is striking, original or unusual. “Change”, on the other 
hand, denotes the transition that occurs when something goes from being “the same” to being 
different.  

Novelty detection is a fundamental requirement of a good identification and classification 
system. It should be noted that the initial data (e.g. test data) may or may not contain information 
about objects that were not known at the time of making the model. There are popular 
approaches to this using neural network algorithm, but there is also novelty detection based on 
statistical approaches. 

Change detection, on the other hand, is the apprehension of change in the world around us, i.e. 
we have already identified the object and are “simply” detecting a variation in its appearance, 
shape, intensity, etc. Generally, the research in change detection is based on the assumption that 
in order to “see” change, attention is needed. If so, it becomes possible to use change detection to 
explore various aspects of attention. Furthermore, the question is then how attention is involved 
in providing our perception of a scene. 

Radioactivity involves the decay and change of one atomic nucleus into another. The emitted 
radiation may interact with other matter creating or changing other objects. Giving the right 
premises, electromagnetic radiation could form matter and anti-matter (pair formation), at the 
end resulting in hydrogen-like positronium. This system lives only for a very short time, and will 
then decay to two photons of energy 511 keV but opposite momenta (or less likely three or more 
photons). Detection of one or both 511 quanta is a typical example of change detection. 

Investigating matter always means that you have to “disturb” the object you are studying and 
sometimes you have to actually destroy (part of) it. Using a source of neutrons to activate 
otherwise stable nuclides in order to study the decay of the final nuclides is one such example. 
Neutron activation analysis is a very common way to determine the content of trace elements. It 
is applicable to vegetables as well as to meteorites. 

As with the human sensor system and subsequent processing, technical experiments often 
require several sensors or detectors as well as sensor fusion and data fusion in order to obtain 
reliable data. Collecting air born radioactivity requires measurements of the air volume 
“vacuumed”, information on weather conditions, high altitude air transportation, solar activities, 
etc. Measuring this at different places including a time tag may tell us where the outlet came 
from and combining with other detectors systems will yield more information on this and the 
origin. An example is the combination of seismic, infrasound and air born activities to monitor 
nuclear testing.  
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1.2 Natural Radioactivity 

What we call “natural radioactivity” is generated by the radiation from space and by those 
radioactive elements that exist in the Earth's crust. On the Earth, all the elements from bismuth, 
that was recently found to have a half-life of 1.9 (0.2) x1019 years, (atomic number A = 83 to 
uranium (A = 92) are radioactive. Radioisotopes of some lighter elements are also found in 
nature (for example 40K). Thus, radiation is always present in the environment. By far the greater 
proportion of it is emitted from natural sources. Alpha, beta, and gamma radiation are emitted by 
the radioactive minerals that occur naturally in the environment and even in the human body, for 
example, by breathing in CO2 or consumption of organic compound containing 14C. The decay 
products of uranium and thorium are found in soil and radioactive gaseous isotopes of radon may 
seep upwards into buildings and atmosphere.  

Radiation from space also contributes to the background level. Electrons, protons, alpha 
particles, light nuclei, and gamma rays, which collide with atomic nuclei in the Earth's 
atmosphere and produce secondary nuclear particles such as positrons, muons, mesons, and 
neutrons that shower the Earth. Cosmic radiation of lower energy seems to be galactic in origin, 
while that of high energy is of extragalactic origin. The galactic particles may come from 
supernova explosions or pulsars. At higher energies, other sources must exist, possibly the giant 
jets of gas that are emitted from some galaxies. The occurrence of Be-7 (formed in spallation 
reactions at high altitudes) shows a correlation with the sun spot activities (fig. 1 below). 

The Earth is surrounded by a magnetic field, which shields us from much of the radiation 
from space. Unfortunately, at a certain location (most significant is the South American 
Anomaly over the South Atlantic Ocean), the shielding effect of the magnetosphere is not quite 
spherical but shows a "pothole" or a “dip”. This could be explained as a result of the eccentric 
displacement of the Earth magnetic dipole field from the axis of rotation (geographical poles).  

1.3 Man-made Radioactivity 

Radioactivity in the air may come from a variety of sources including nuclear power plants 
and nuclear testing. The Comprehensive Test Ban Treaty Organization (CTBTO) monitors the 
latter using a variety of sensors including seismic, infrasound and air born radioactivity. In a very 
simple and schematic way we can say that the seismic and infrasound sensors are there to 
identify and locate the nuclear test site.  The signals may also contain additional information, but 
in general it is the time and place that one gets. If radioactivity will leak into the air and be 
further transported, it will all depend on the weather conditions, etc. It may take hours or days 
before the radioactivity “is caught” on an air filter and subsequently measured and the 
radioactivity identified. In order to do so, one also has to have a good knowledge of the “normal 
conditions”, i.e. background radiation, cosmic events, etc. 

The measurement of certain activities may help to clarify uncertainties mentioned above.  
Figs. 1 and 2 show the Be-7 and Cs-137, respectively, activities over the years. The figures show 
measurements done by the Swedish Defense Research Establishment, FOI, using high-resolution 
Ge detectors. The first figure shows the intensity of the Be-7 line at 477.6 keV. This isotope is 
formed at high altitudes following spallation reactions. The figure clearly shows an irregular 
short time variation, most likely due to a combination of technical outlets and weather 
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conditions, but also a smaller long time (11 years) variation. This variation coincides with the 
sun spot activities [Höt91, Ioan94], the “natural radioactivity origin”. Other studies of Be-7 
involve measurements during the Kuwait war [AL-Azm01]. The second figure shows the 
variation of Cs-137. This is mainly “man-made” radioactivity, i.e. from early nuclear tests and 
the Chernobyl accident in 1986 and will be discussed in chapter 4. 

 

Fig.1: The intensity of the 477.6 keV line in Be-7 measured by FOI at Grindsjön as a function of time. 
Note the 11-year time structure, which is due to the solar activities [FOI06].  



Novelty and Change Detection in Radiation Physics Experiments 10 

 
 

 

Fig.2: The intensity of the 661.6 keV line in Cs-137 measured by FOI at Grindsjön as a function of time. 
Note the sudden increase 1986 caused by the Chernobyl accident [FOI06] 

 

 

1.4  Combining Change Detection and Nuclear Spectroscopy or “How to read this thesis” 

The common aim of this thesis is to detect and identify changes and novelties. These could be trace 
elements in food, radioactive isotopes in the air, etc. This is done by γ-ray spectroscopic studies. We will 
describe how trace elements and Iodine is found in milk from camels but not in milk from cows and how 
this can be explained by the difference in the grass they eat. This is studied using neutron activation 
resulting in section 4.2. 

Trying to detect radioactivity in the air requires some sampling methods and, preferably, low-level 
counting. Technical outlets of radioactive material may come from nuclear facilities or simply from 
demolition of a nearby house.  

In the upper atmosphere we see very small quantities of Be-7 formed in spallation reactions induced 
by protons from the sun. The half-life of Be-7 is 53.3 days. In the next sections we will describe various 
detectors and analysis techniques in some detail. Then in section 4 we will present three case studies 
based on radiation detector techniques for novelty and change detection. 

 

 



Novelty and Change Detection in Radiation Physics Experiments 11 

 
 

 

2.       DETECTOR SYSTEMS AND METHODS OF INVESTIGATION 

2.1     Introduction 

Detectors or sensors are the first elements in the chain of processing the information of the 
signals emitted by the system under study. Clearly these are of various types depending on what 
we want to determine. The visual system of mammals is only one of many sensors, but a very 
sophisticated one with a lot of sensor elements and an impressive signal processing. In fact, it is 
an excellent example on how the sensor and the pertinent processing should work and involves 
not only complex signal processing, intermediate filtering, etc but also many signals in the 
“backward” direction that adjusts the filtering and/or set priority on the most urgent and relevant 
information. Man-made sensors are far from this type of “intelligent” systems and hence we have 
to live with various types of sensors and/or torrent information. 

 
Technical sensors and pertinent signal processing system do not come close to the biological 

systems. Perhaps the most complex systems are found in high energy physics experiments and 
are then referred to as hierarchal triggers. However these systems generally just filter the data in 
order to reduce the torrent information. Hence, there is no feedback and neither the sensor nor 
the feature extraction systems adapt to the detection problem. 
 

2.2     Biological Systems 

The main difference between electronic systems and biological systems is that in the latter 
case there are a vast number of small processing units (neurons) processing the data. 
Furthermore these are interconnected both at different levels (like the L1, etc in the midbrain of 
the visual system) and with adjacent neurons (sometimes referred to as linking). This will result 
in a very robust system with high redundancy contrary to a computer (von Neumann system) just 
having one very big central processing unit (CPU).  

 
Another major difference between the systems is that the neural systems at different levels 

send “a lot of information” back to previous stage and to the sensor. Hence, the processing will 
focus on “interesting” items. In the case of the visual system, there are many examples, e.g. 
foevation. This means that we will have an efficient “data reduction”. Taking the visual system 
as an example, there is a fantastic processing and reduction of data from the eyes resulting in an 
updating of the visual cortex “at video rate”. 

 
Finally, there is a third major difference namely the object segmentation, isolation and 

identification. Even small kids can recognize a cow independent of the viewing angle or the 
position of the cow. This is still quite tricky to do for a computer system. Isolation and 
identification of photo peaks in nuclear spectroscopy is known as unfolding and a lot of codes 
have been written, but probably the eye will still do this better in difficult and dubious cases. 

 
In experiments with a very large number of sensors and hence a lot of data to filter one 

introduces triggering systems at different levels. Spurious and erratic data are rejected at the first 
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level, the second level checks is the individual data “is reasonable” and together fulfill some 
basic rules, while the third level introduces further constrains (region of interests, ROI). Such 
triggering systems are found at high energy physics experiments at e.g. CERN. They often 
involve dedicated front-end electronic systems at the first level and farms of processors at the 
subsequent levels. However, there is still very little feedback between the levels. We are far from 
the mammal visual systems where there are more signals sent towards the eye than the “forward” 
direction (towards the cortex). Intelligent sensors still have a lot to learn from biological systems. 

 
 

2.3     Technical Sensors   

The sensing processes are essential for all forms of life, human and animals mainly the visual 
information. Many developments achieve continuously for the sensors in the world to get a lot of 
types of sensors for different purposes, e.g. Infrared sensors which can be detect at night and any 
dark places or under the sea’s, the infrasound sensors also have a wide range of use in the life, 
the nuclear particles and electromagnetic sensors. All those technical sensors lead to new 
discoveries those are useful for the human life. In this work we need only to concentrate on the 
electromagnetic sensors, which are used in our experiments.    
         

 2.4    Detectors for Electromagnetic Radiation 

The inherent features of high energy electromagnetic radiation are in many respects quite 
different from that of the visual one. Electro magnetic radiation interacts with material in 
different way, i.e. photoelectric effect, Compton scattering and, provided the incident energy is 
higher than 1.022 MeV (corresponding to two electron masses), pair formation. The general 
consideration for the detectors designed to measure the radiation are the efficiency of the 
detector, the energy resolution, the timing properties as well as its complexity. Below we briefly 
discuss these properties. 

 
Geiger-Muller Counter 
 
The most common device is the Geiger-Muller counter. This device consists of two parts, a 

detecting tube and a counter. The heart of the system is the detecting tube, which consists of a 
centre-wire anode surrounded by a cylindrical cathode containing an ionisable gas. As radiation 
enters the tube, the strong electrical field between the electrodes ionizes the gas. The ions and 
electrons are attracted to their respective electrodes and cause pulses of current, which are then 
recorded by the counter. The Geiger-Muller counter provides a strong signal, but is only able to 
provide information on the number of particles, not the type or energy level of the particles. The 
main difference between these two types of detection methods, GM and scintillation is that the 
later acts as a gross counter that provides only an estimate of dose, while scintillation uses 
spectroscopy as well, fig.5 shows one type of the G.M. counters. 
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Fig.5: GM-counter 

                                                       
 
 
Sodium Iodide Detectors 
 
Gamma particles passing through sodium iodide may collide with an electron removing it 

from the atom and causing it to traverse the material. The electron will interact with many other 
atoms and leave them in excited states. These atoms will decay and light will be emitted. This 
light is collected by e.g. a photo multiplier tube, amplifying the signal and giving a voltage pulse 
which can be analyzed by and Analogue-to-Digital Converter (ADC) resulting in a so called 
pulse height spectra. Since the linear scale is preserved in the system we will have a spectrum in 
which the voltage corresponds to the energy and the number of events to the intensity. Clearly 
the voltage axis needs to be calibrated to show the energy and the intensity needs a calibration 
curse, too. This latter efficiency curve generally depends strongly on the incident energy. A good 
efficiency is obviously valuable. The photoelectric effect will produce a single peak in the 
spectrum, while the Compton scattering will result in a continuum. The width of the photo-peak 
is clearly of importance and a good peak resolution is needed for complex spectra. Finally, there 
is a timing resolution. A fast and well-defined signal is desirable in order to avoid pile up of 
signals and defining when the event occurred. 

 
Besides its high efficiency, the NaI(Tl) detector has one more advantage: It does not need any 

cryogenic systems (e.g. a Dewar with liquid nitrogen or a Peltier cooler). This clearly has some 
advantage when we consider using a spectrometer in a small unmanned aerial vehicle as 
discussed in section (4.3), fig.6 shows one of sodium detectors. 
 
 

 
 

Fig. 6: A 2”x2” NaI (Tl) detector (right) with photomultiplier high voltage base (red middle part) 
with integrated main amplifier (left). 
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Germanium Detectors  
 
Generally germanium (Ge) detectors have much better energy resolution but worse efficiency 

and timing properties compared to inorganic scintillators like sodium iodide or barium fluoride. 
Discrete-line gamma-ray spectroscopy requires a detection system that offers excellent energy 
resolution. Today, practically all gamma-ray spectroscopy experiments employ high-resolution 
germanium detectors; fig.7 shows one of the Ge-detectors. 

The advantage of the Ge detector is the high stopping power because of its high density and 
the small energy required to create an electron-hole pair is small, approximately 3 eV. Thus an 
incident γ-ray, with energy of several hundred keV, produces a large number of such pairs, 
leading to good energy resolution and low statistical fluctuations. Ge detectors are operated at 
temperatures of around 77 K, in order to reduce noise from electrons, which may be thermally 
excited across the small band gap in Ge (0.67 eV) at room temperature. This is achieved through 
thermal contact of the Ge crystal with a Dewar of liquid nitrogen, using a copper rod, known as a 
cold finger.  

The total attenuation coefficient for a γ- or X-ray traveling through a medium has 
contributions from scattering, photoelectric absorption and pair production processes. The 
germanium detectors can be used to measure gamma-rays energy from a few KeV to a few MeV. 
Ge detectors have found applications in environmental radiation and trace element measurements 
[Knoll, Leo].  

 

 
 

Fig.7: A high purity germanium (HPGe) detector  
 
 

2.4    Neutron Activation Analysis 
 

Neutron activation analysis (NAA) was introduced in 1936, when Hevesy and Levi [Hev36] 
found that samples containing certain rare earth elements became highly radioactive after 
exposure to a source of neutrons [Ehm91, DeS72]. From this observation, they quickly 
recognized the potential of employing nuclear reactions on samples followed by measurement of 
the induced radioactivity to facilitate both qualitative and quantitative identification of the 
elements present in the samples. Advantages of NAA are: Sensitive high-precision determination 
of elemental concentrations, often in ppm or even ppb [DeSo72]; precision measurement with 
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errors of less than about 3-5% are standard [Ktu71], common and rare earth elements form 
radioisotopes which can be readily identified and quantified using INAA; multi-element 
capability over 30 elements can be determined simultaneously without chemical separation; 
minimal sample preparation limited handling reduces sample contamination and accelerates 
analytical process; (pulverization and homogenization required); nuclear technique chemical 
composition and crystal structure do not affect elemental analyses; isotopic identifications 
possible. 

 
Because of its accuracy and reliability and a highly sensitive analytical useful technique for 

performing both qualitative and quantitative analyses of major, minor and trace elements in bulk 
samples from a broad range of scientific field [Alf90], NAA is generally recognized as the 
"referee method" of choice when new procedures are being developed. Worldwide application of 
NAA is so widespread it is estimated that approximately 100,000 samples undergo analysis each 
year. 

 
Although there are several types of neutron sources (reactors, accelerators, and radioisotopes 

neutron emitters) one can use for NAA, nuclear reactors with their high flux of neutrons from 
uranium fission offer the highest available sensitivities for most elements, and mostly used the 
thermal neutron component which consists of low-energy neutrons (energies below 0.5 eV) in 
thermal equilibrium with atoms in the reactor's moderator, with a mean energy of 0.025 eV and a 
most probable velocity of 2200 m/s [Ehm91,Par91]. 

 
The NAA Method  

The most common type of nuclear reaction used for NAA is the (n,γ) reaction. The sequence 
of events that follows this reaction is illustrated in Figure 8 When a neutron interacts with the 
target nucleus (AZ) via a non-elastic collision, a compound nucleus forms in an excited state 
(A+1Z). This compound nucleus will almost instantaneously de-excite into a more stable 
configuration through emission of one or more gamma rays [Ehm91, Alf94].  

 

 
Fig.8: Diagram illustrating the process of neutron captures by a target nucleus followed  

by the emission of gamma rays. 
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Depending upon the particular radioactive species, half-lives can range from fractions of a 
second to several years. These types of emission occurs through a beta particle (β-) emission 
[Alf98] following the equation 

    R = ε Iγ          (1) 

A = ε Iγ n φ σ (1-e-λ t
i) e-λ t

d      (2) 

 

R = measured gamma-ray count rate (counts per second)  
A = absolute activity of isotope A+1Z in sample 
ε = absolute detector efficiency 
Iγ = absolute gamma-ray abundance 
n = number of atoms of isotope AZ in sample 
φ = neutron flux (neutrons cm-2 sec-1)  
σ = neutron capture cross section (cm2) for isotope AZ 
λ = radioactive decay constant (s-1) for isotope A+1Z 
ti = irradiation time (s)  
td = decay time (s) 
 

With respect to the time of measurement, NAA falls into two categories: (1) prompt gamma-
ray neutron activation analysis (PGNAA) [Yur91], where measurements take place during 
irradiation, or (2) delayed gamma-ray neutron activation analysis (DGNAA) [Alf94], where the 
measurements follow radioactive decay. The latter operational mode is more common; thus, 
when one mentions NAA it is generally assumed that measurement of the delayed gamma rays is 
intended. About 70% of the elements have properties suitable for measurement by NAA. 

 Instrumental NAA and Radiochemical NAA  

Using automated sample handling, gamma-ray measurement with solid-state detectors, and 
computerized data processing it is generally possible to simultaneously measure more than thirty 
elements in most sample types without chemical processing. The application of purely 
instrumental procedures is commonly called instrumental neutron activation analysis (INAA) 
and is one of NAA's most important advantages over other analytical techniques. If chemical 
separations are done to samples after irradiation to remove interferences or to concentrate the 
radioisotope of interest [Ehm91], the technique is called radiochemical neutron activation 
analysis (RNAA). 

     Gamma Rays and Element Concentration 

The instrumentation used to measure gamma rays from radioactive samples generally consists 
of a semiconductor detector, associated electronics, and a computer-based, multi-channel 
analyzer (MCA/computer). 

The procedure generally used to calculate concentration (i.e. ppm of element) in the unknown 
sample is to irradiate the unknown sample and a comparator standard containing a known 
amount of the element of interest together in the reactor. If the unknown sample and the 
comparator standard are both measured on the same detector, then one needs to correct the 
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difference in decay between the two. One usually decay, corrects the measured counts (or 
activity) for both samples back to the end of irradiation using the half-life of the measured 
isotope [Ehm91]. Fig.9 shows gamma rays for some short lived nuclei, the gamma peaks energy 
values have been taken from [Erd 79]. 

 

 
Fig.9: Gamma-ray spectrum showing short-lived nuclides. 

 

The equation used to calculate the mass of an element in the unknown sample relative to the 
comparator standard [Alf98] is 

                                           (2) 

 where A is the activity of the sample (sam) and standard (std), m is the mass of the element, λ is 
decay constant for the isotope and Td is the decay time.  

When performing short irradiations, the irradiation, decay and counting times are normally 
fixed the same for all samples and standards such that the time dependent factors cancel. Thus 
the above equation simplifies into 

                                             (3) 

where c is the concentration of the element and W is the weight of the unknown and standard 
samples. 
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3.   THREE CASE STUDIES 
 
3.1 Introduction 

 

The importance of trace elements in nutrition is now widely recognized and the list of 
elements that are indispensable to the proper nutrition is increasing steadily. Therefore, the 
determination of trace element contents of foodstuffs is of great importance especially for milk, 
which is a complex food. The interest in the study of trace elements composition has also 
increased in the past two decades because of the recognition of the paramount role that these 
elements play in the effective functioning of biological systems. A definite progress has been 
achieved in this field following the improvement in analytical techniques that could yield reliable 
results at low concentrations [Iye82]. Gamma transitions (peaks) from some of long-lived nuclei 
produced by neutron irradiation in the IRT-5000 reactor are shown in fig.10. 

 

Fig.10: Gamma-ray spectrum showing long-lived nuclides 
 
 
3.2    Trace Elements in Milk  
 

The important role of the iodine as an essential element for man especially in the early stages 
of life, has been well recognized and studied, in addition to that it is known physiologically that 
the role of iodine is the synthesis of thyroid hormones by the thyroid gland. Thyroid hormones 
are involved in normal growth and development of the brain and central nervous system from the 
15th week of gestation to the age of three years, thus also control some metabolic processes such 
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as carbohydrate, fat, protein, vitamin and mineral metabolism. Iodine deficiency affects all 
stages of human life especially the pregnant, lactating and reproductive age women in addition to 
children younger than three years, who are considered to be at high risk (FAO&WHO 2002). 

Because of that importance a lot of studies have been done on human and artificial powder 
milk [Iye 78, Dev86, Mal88, Joh98]. There are many researchers from different countries that 
have studied milk especially it’s content of Iodine. Most of those studies focus on the iodine 
content of the infant’s milk [Ares94, Der90, Kuna00]. Those researches have the same aim as 
our research, which studied the infant's milk in addition to the animal milk used as main food for 
the children and mothers. Andrej Osterc and his group [And 06] from Poland studied eighteen 
different infants’ formulae using radiochemical neutron activation analysis and determined the 
amounts of iodine, which ranged from 0.182-1.82 µg/g (ppm). This result converted to daily 
intake by considering the accepted consumption of milk for infants gives a range from 20 to 220 
µg/day. 
 

Early on 28th of April 1986, the researchers in Sweden have found that the rate meter reading 
increased from normal 5-10 c/s to 20-150 c/s at different places monitored at Studsvik. Persons 
and cars were contaminated at the same time. The contamination indicators were triggered by 
radiation from Cs-137 and I-131 isotopes. Different samples of grass, milk and water were 
studied. Filter in combination with charcoal cartridges were used to study the form of iodine 
present. Iodine was measured in between sixteen isotopes (6-12 Bq.m) in air filters, but its 
activity in the cow milk was 2kBq/ L. This activity was decreasing daily in accordance with the 
half-life of the I-131, meaning a decay constant λ of about 0.13/day [Dev 86]. There was another 
group working on the milk in Sweden directly after a Russian test of one of the stronger nuclear 
bombs 1978. Arne Johnson and Ingemar Vintersved [Joh78] worked on the determination of 
Iodine activity in the milk of cow. During summer when cattle feed mainly on grass, the most 
probable way of intake of 131I in Sweden is through milk. About 5% of the intake of 131I by cows 
ends up in their milk. For the other radioactive isotope 137Cs less than 1% ends up in milk of 
cows. The detectors were commercial of type PITMAN 235 S and intended to be placed at 
different dairies. These detector systems were calibrated with 131I dissolved in water 
(concentration of radioactivity 2600 Bq/l) and in containers of different shapes, different fillings 
and with the detector at different heights. Swedish milk is collected with trucks having big tanks 
of stainless steel for the milk. The detector, contained in a Plexiglas tube, is immersed into the 
milk directly in the tank. By this method sensitivity and solid angle is optimized at the same time 
as the background from outside the tank is reduced by 80-90%. This is in particular true when 
the tank is full.  At the time the highest found concentration of 131I in milk was 185 Bq/l. 
 

It is known that 131 I activity is polluting the grass, which is the main foodstuff of cows and 
polluted grass will give high levels of radioactive Iodine in milk. Let’s now assume that an 
accident had affected the plants in Iraq where no group of scientists existed, as in Sweden, to 
advice people to stop drinking milk from cows and camels. At 1986 bad consequences of fall out 
of131 I, leading to death of a lot of people, might have happened because at the time of our milk 
project, there was high natural I concentration in camel milk compared to other types of milk and 
other countries. 
 

The Cs-137 was also measured in the human milk by studying the breast milk from 12 
mothers from different areas in northern Sweden [Joh98]. Mothers and their babies were 
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examined at the time of fallout of fission products. It was estimated that about 15% of the 
mother’s daily Cs-137 intake was transferred to the baby via the food. The activity of Cs-137 
was found to be between not detected (N.D.) and 6.6 Bq/kg in the breast milk, compared with 
N.D. to 44 Bq/kg in the mothers body [Joh98]. If one assumes that at the time of Chernobyl 
accident if there is a strong wind carries a part of Cs activity to Iraq that means a lot of Cs will 
transfers to most of people whom drink the milk of cows and camels direct with out any test, it 
will be a big disaster. 
   

There are many more researchers from different countries have studied the milk especially the 
Iodine concentration. Most of studies concentrate on the iodine content of the infant’s milk 
[Are94, Der90, Kun00], these researches have the same aim as our research that studied the 
infants milk in addition to the animal milk used as a general food for children and mothers. 
Andrej Osterc et al. [And06] from Poland studied eighteen different infants formulae using 
radiochemical neutron activation analysis and determined the concentrations of iodine which 
ranged from 0.182-1.82 µg/g (ppm), this converted to daily intake by considering the accepted 
consumption of milk for infants ranged from 20 to 220 µg/day. 
 

Many studies were done with the same aim as our Iraqi study of the milk. B.L.Tracy and his 
group did one such investigation in 1989[Tra89]. It was done in Canada, when I-131 and Cs-137 
released during Chernobyl reactor accident and passed through air to pasture grass and 
subsequently to the milk. They observed that the dry deposition was more significant for I and 
wet deposition for Cs. The concentration of I-131 (Bq/l) measured in the milk was 1000-2000 
times the concentrations of particulate I-131 in air (Bq/m3). The transfer of I from the grass to 
the milk was consistent according to B. Tracy et al. [Trac89]. 
 

Results of measured concentrations were (0.004±0.7) Bq/m3 for I-131 in air, (15±3) Bq/kg in 
grass and in milk (4.3±0.4) Bq/l. The samples were collected and measured 11-17 May 1986. 

    
In the present work different milk samples, collected from different locations of Iraq, were 

analyzed by the most sensitive method of NAA as part of a total Food Analysis program carried 
out in our laboratory. The concentrations of Na, K, Mg, I, P, Cl, Ca, Br, Zn, Fe, Sc, and Rb were 
determined by INAA, while the concentration of Se has been analyzed by RNAA applying 1-
amidino-2-thiourea as a precipitating reagent. 

 
 Natural milk samples were collected from different regions of Iraq directly in polyethylene 

containers. These samples were dried by freeze-drying and ground to a fine powder. 139 g milk 
powder was obtained in average from one liter of milk. The polyethylene samples of natural and 
artificial milk in addition to the standard reference materials were packed in an aluminum vessel 
and irradiated for 6 hrs for INAA, 12 hrs for RNAA at a thermal neutron flux of 2.3 
1013 n.cm .s and with an epithermal neutron flux of 2.0 1012  n. cm .s  for 5.0 min. using a 
pneumatic transfer system designed for the determination of short-lived radioisotopes. The 
pneumatic system is shown in fig.11. 

2− 1− 2− 1−



Novelty and Change Detection in Radiation Physics Experiments 21 

 
 

 
Fig.11: The schematic diagram of the pneumatic system discussed in connection with the NAA 

experiment. 
    
  
Two HPGe detectors connected to a CAMAC system and HP-1000 computer have been used 

for activities measurements. The activities were measured after 5 min., 7 and 30 days cooling 
time. Radiochemical separation for Se was done to measure the Se isotope activity. 75

     
As a result of this work, the concentrations of Na, Mg, P, Ca, Zn, Se, I, and Rb were 

determined by NAA and RNAA. The nuclear reactions, half-lives, gamma energies used in these 
investigations, detection limits, counting sequences of induced activities, the mean values of the 
concentrations and their ranges for each element are summarized in Tables 1, 2, 3and 4 (Included 
in paper no. I). As it can be seen from Tables 3and 4, the camel milk samples are richer in iodine 
than other types of milk samples, the concentration was found to be in the range of 20.95-52.96 
ppm while in other samples did not exceed 1.19 ppm meaning about 20-50 times more than other 
milk samples. The concentration of the Br was found to be higher also in camel milk than in 
other samples. Only the Rb concentration was higher in milk powder samples than the natural 
samples. The concentrations of the other elements were found to be same approximately for all 
samples, [figures1 and 2 in paper no. I] shows the energy peaks of all measured isotopes. From 
those observations one can evaluate the aim of the Novelty and Change detection studies, and 
this is one of the most important noticeable information, because it related to the human health 
and as it known the Iodine plays an important role for health especially for the throat cancer 
diseases. A lot of discussions have been performed in order to find the reason of the higher 
concentration of Iodine in the milk of camels. Those investigations show that there is a certain 
plant AGOOL in the desert contains a lot of Iodine. 
 
3.3 Multielement Determination in Grains 
     

This work is a part of the IFAP (Iraq food analysis program) done by using INAA for the 
determination of Na, Mg, Al, Cl, K, Sc, Cr, Mn, Fe, Co, Cu, Zn, As, Si, Br, Rb, Sr, Mo and W in 
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grains of rice, wheat and barley, which were collected from different plant fields in Iraq. 
Samples and standard reference material were irradiated in the IRT-5000 reactor at neutron 
fluxes of 2 10 n cm s  and 3.2x1011  n cm s . Interferences of photo peaks with each other 
were considered, and reaction interferences were calculated and determined experimentally. The 
precision and detection limits were determined for all elements in all types of grains.  

13 2− 1− 2− 1−

 
Several investigators [Bow72, Und71] have reviewed the nutritional role and the essentiality 

of trace elements, as well as their biological pathological significance to humans and animals. 
Therefore it is important to measure the trace elements contents of the foodstuffs in an attempt to 
increase the knowledge of the distributions of elements both geographically and throughout the 
food chain. Since rice, wheat and barley are the most common foodstuffs; their trace elements 
content is of a considerable interest. So that again, the novelty and change detection studies of 
that kind are very important and need to be used as a good indicator for the human health. It 
should be stressed that the trace detection experiments require low DL and high accuracy. 
 

In this work different cultivars of Iraqi and foreign grains of rice, wheat and barley were 
collected from different plant fields in clean polyethylene bags. The samples were washed using 
the IAEA method [Rya76] and dried in an oven at 60°C, then crushed to a fine powder using an 
agate mortar. About 400mg of each sample and standard reference material were irradiated for 5 
min. with the pneumatic system fig.11, and for 6 hrs in a vertical channel of IRT-5000 reactor 
fig.12, Gamma rays of samples and standard references were measured using HPGe detectors. 
Measured elements, irradiation, decay and counting times are shown in table 1.  

 
 

Fig.12: A schematic diagram of the core of Iraqi IRT-5000 reactor showing 
the vertical and horizontal irradiation channels 
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Table 1 

 
Data of irradiation, cooling and counting times for the elements 

studied in many cultivars of rice, wheat and barely by INAA 
 

 Irradiation 
time 

Cooling 
time 

Counting
Time 

Element determined 

5 m 5 m 1000 s Mg, Al, Cl, Mn 
6 h 5 d 2000 s Na, K, Ca, Cu, As, Br, Mo, W 
6 h 30 d 2000 s Sc, Cr, Fe, Co, Zn, Rb, Sr 

 
 
 

 
 
 
As a result of this work, the range and mean concentrations of 18 elements in 12 types of rice 

are listed in Table 2 of paper III. The measured concentrations were compared with the results of 
other countries [Zad78, Teh87]. This comparison can be considered as a guide for novelty and 
change detection studies which show a good agreement between the values obtained and the 
values quoted for rice from several countries, except for those of Fe, Mn and Rb, which were 
found to be higher in the samples from Japan, Italy, Iran, Thailand and America. This also 
applied for Se, which, was found to be more abundant in the samples from Belgium and 
America. These variations in the elemental concentrations may be a result of the variation in the 
climatic conditions as well as other affecting factors. The concentrations of toxic elements Hg 
and Sb are lower than the detection limit. The concentrations of 18 elements in 8 types of wheat 
and 3 types of barley grains are listed in table 3 and 4, respectively of paper II. 
  
 
3.4 A Detailed Vegetable Analysis  
 
     This work presents a part of the total Iraqi Food Analyzing Program (IFAP) to perform a 
scanning of the Iraqi diet. Emphasis on such analysis has been increasing in recent years for 
health, environment and nutrition due to the important information, which can be derived from 
such work. Many researchers have analyzed their local vegetables using the method of NAA. 
[Tan 77, Ste75, She79, Dji91, Que00]. The method employed in this investigation is INAA using 
thermal and epithermal neutrons from the IRT-5MW reactor. The concentrations of Na, K, Mg, 
Cl, Ca, Sc, Cr, Mn, Fe, Co, Zn, Br, Rb, Sr and Sb in the investigated samples are determined.  
 

Vegetable samples of 20 types collected from different parts of Iraq were cleaned with 
distilled water and kept in an oven at 85°C until they were dried, then ground to a fine 
homogenous powder using an electric agate mortar. In this experiment, 100 mg of each sample 
and reference standard material were packed in a polyethylene containers, 19 samples for each 
vegetable covering the Iraqi land were analyzed. The samples were irradiated along with 
standard reference materials with thermal neutrons for duration of six hours and with epithermal 
neutrons for duration of 5 minutes using the pneumatic transfer system, which was connected to 
the core of the reactor. Full information is given in table 2. There is a difference between this 
table and the one before related to some of elements, which determined in this work. 
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Table 2 

Data for the elements determined in the vegetables 
discussed in paper no. 3 

 
 Irradiation 

time 
Cooling

time 
Counting

time 
Element determined 

5 m 5 m 1000 s Mg, Al, Cl, Mn 
6 h 5 d 2000 s Na, K, Ca, Br, Sb 
6 h 30 d 2000 s Sc, Cr, Fe, Co, Zn, Rb, Sr 

 
 
 
 

 
As a result of this work, the elemental concentrations were quantitatively determined through 

a comparison with the induced activity from reference standard materials, which were irradiated 
simultaneously with the investigated samples. The nuclear data for the determined elements are 
summarized in Table 2 of paper III. The accuracy o the method was determined by performing 
six runs analysis of the standard reference materials. The mean values of the concentration and 
their ranges obtained by this investigation are given in table 4 and 5 of paper III. From these two 
tables it can be seen that the elements present in the investigated samples can be classified as 
major (K, Cl), minor (Na, Mg, Ca and Fe) and trace elements (Al, Sc, Mn, Co, Zn, Br, Rb, Sr 
and Sb). Cr and Sb are found at low concentrations in some vegetable samples taken from 
Baghdad City, while Sb is found in some vegetable samples taken from Najaf. Br is found to be 
present at concentrations that are higher than the maximum acceptable value (50ppm) in some of 
the vegetable samples. Again, the novelty and change detection should be considered in this 
work.  
 
 
4.   AIRBORNE RADIOACTIVITY (Be-7 and Cs-137) 
 
4.1 Introduction 
 

In general incoming charged particles of cosmic origin are deflected by the magnetic field of 
the earth towards the magnetic poles, so that the production rate of the cosmogenic nuclides is 
much higher at high altitudes than at low and its production rate per unit mass of air decreases 
with depth in the atmosphere because of the radiation attenuation due to the collisions in the 
upper levels. Thus, the rate of production of the cosmogenic nuclides is greatest in the upper and 
lower stratosphere, less in the upper troposphere and least in the lower troposphere [Her89]. The 
isotope Be-7 is formed by spallation reactions caused by cosmic particles, which produce 
secondary nuclides and neutrons with nuclei of nitrogen, oxygen [Alazmi01, Lal67] and carbon 
[Lal58, Lal67]. Variation of beryllium concentration with rate of production and decay at 
equilibrium has been estimated [Lal62, Bha66, Mas99, Nag00]. 

 
The production mechanisms and half-life of Be-7 make it a useful tool for investigation of 
transport processes in the atmosphere because information about the cosmogenic radionuclide is 
well established since early 1960s. In most studies Be-7 has been used as a tracer of air exchange 
between the stratosphere and the troposphere. This exchange [Elb97, Sto00] varies with season 
and has both short and long periodicity. Atom of Be-7 must attach itself to submicron-size 
aerosol particle in order to reach the surface. Hence the yield will depend on the aerosol 
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concentration. However, low energy secondary neutrons resulting from galactic cosmic rays will 
contribute to the production of Be-7 in the lower stratosphere and upper troposphere. One 
interesting phenomena is the intrusion of stratospheric air into the troposphere. However, it is not 
quite clear that such events occur and that those particles then reach the ground surface. If it was 
the case, it would bring high concentrations of Be-7 and ozone to ground-level air. 
 

 The production rate of the Be-7 in the troposphere is approximately 33% of the total 
production in the atmosphere [Lal67], and the Be-7 nuclides fall down to the ground as aerosols. 
Its falling is governed by the air exchange processes between the stratosphere and the 
troposphere and down to the surface of the earth by both winter and summer mixing of air. These 
processes are modulated from season to season by the activity of the sun, which in turn is 
affected by the variation of the solar magnetic field [Sak05, Ger03]. For this reason ground level 
measurement of Be-7 radioactivity provides information of air mass mixing between the 
different layers of the atmosphere and of transport of air to the surface of the earth [Yos03]. 

 
 As an effect of the vertical transport mechanisms the Be-7 concentrations are lower at the 

cooler season and higher at warmer season. The important factor is the increase of vertical 
transport within the troposphere during the warmer months [Age66]. It’s simply because during 
the warm months, the sun heats the surface of the earth leading to heating the air above it and 
because of the higher density of cold air it will move down whereas the light warm air moves 
upwards. A circulation is created that continuously carries aerosols containing Be-7 down either 
produced at the upper troposphere or entered from the stratosphere. Fig.13 shows one year of Be-
7 radioactivity measurement whereas the corresponding FFT is shown in fig.14. 
 

 
 

Fig.13: Variation of the airborne Be-7 radioactivity at ground level during one year. From FOI 
measurements at the Gävle station in Mid-Sweden 
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4.2 Experimental Details  

 
The ground level measurements of the Be-7 radioactivity have been done at KTH, AlbaNova 

Campus, in Stockholm. The aim of this research is to detect low-level airborne radioactivity and 
changes in this radioactivity. The first goal was to improve the sensitivity for detection of small 
releases of radioactivity. The method used was collection of air on a special fiberglass filter 
(Camfil type Cs 0.5). The dimensions of the filter are 0.58x0.58 m with a thickness of 0.43mm. 
As in the certificate from the manufacturer the collection efficiency is more than 97% for 
particles down to a size of 20 nm. Using two filters in series in order to find out if radioactivity 
could penetrate the first filter checked the filters. No radioactivity of Be-7 was found in the 
second filter at this test measurement. Samples were collected 30 meters above the ground level 
on the roof of the building. The air collecting system shown in fig.4 was used. Its main part is a 
suction pump (Fan). The filter is mounted in the square frame seen to the right and the airflow is 
measured at the exhaust pipe (left). It is important to measure the airflow through the filter 
accurately. Following the advice of FOI experts we have chosen the flow meter (Gd-100). This 
device works as seen in the schematic diagram shown in fig.16. The flow meter is equipped with 
a digital readout, which is placed indoors close to the fan counting the collected volume of air 
that has passed through the filter and in addition the time of collection. Typical air volume 
collected per hour is around 1000 m3. 

 
 

 

 

Fig.15: The fan for collecting airborne radioactivity at the top floor of AlbaNova University Centre. The 
filter is mounted in the square frame seen to the right. The airflow is measured in the middle of the 

exhaust pipe (left). 

 

Fig.16: Schematic drawing used to show the principle of the flow meter process 
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After air collection the filter was demounted from the frame of the suction pump and 
compressed to a cylindrical slab of diameter 62 mm which is somewhat larger than the 53(1) mm 
diameter of the germanium detector. The compression was done with a hydraulic power-pressing 
machine. The thickness typically ranged between 10 to 16 mm depending mainly on the 
humidity content. The slab was then placed in a plastic cup specially selected to fit a Plexiglas 
holder with purpose to facilitate a correct positioning. The resulting distance from the edge of the 
filter disc to the active part of the detector was estimated to 5(1) mm. Fig.17 shows the Plexiglas 
holder used in measuring the radioactivity of compressed air filters. The average time lag from 
the stopping of the suction pump to the beginning of measurement was 15 minutes. 

        

 
 

Fig.17: The Plexiglas holder used for the airborne samples measurements 
 
 

Many factors are of paramount concern in the design of a low background facility, such as the 
building materials of the laboratory, the inside self shielding in addition to the most important 
factor which is the close shield of the detector to reduce or eliminate streaming from the out side 
environment and inside self shielding. The semiconductor detectors are the most suitable 
detectors for gamma-rays detection applications, because their high energy resolution yields 
well-resolved spectral information [Ger86]. 

The samples were measured using a HPGe detector fig.7, model [GC1018] with a good 
resolution and a bias voltage of +2500 V. The volume of the crystal is 90cc with a relative 
efficiency of ≈ 14 %. A shield made of lead bricks of size 5x10x20 cm surrounds the detector. 
Two layers of bricks gave the detector a shield with minimum 10 cm of lead in all directions to 
stop most of the gamma rays from the background. A sheet of 1 mm thick copper covers the 
inside wall to reduce the X-rays from the lead shield. Fig.18 shows the detector inside its shield. 
The Ge detector is situated in a special room called the Low Level Activity Laboratory (LLL) 
designed especially for such measurements. This room is described in detail in paper no. 5. 



Novelty and Change Detection in Radiation Physics Experiments 28 

 
 

 
Fig.18: A HPGe detector in its pertinent lead shield. 

 
 
    

The low-level laboratory was built 2001 at the AlbaNova University Centre in Stockholm with 
dimensions of 3.3x6.6 m. The goal of this laboratory was to minimize the background radiation 
(BG) and other sources in addition to get high precision and accuracy for low level activity 
measurement. BG can be assigned to the following components: 
 

    a. Incompletely shielded external gamma rays. 

    b. Rn-222 and its daughters. 

    c. Cosmic-ray-induced radiation in the detector and the shield. 

    d. Intrinsic contamination of the detector and its shield materials. 

The LLL walls, floor and the roof are made of concrete with 0.6 m as a typical thickness.  
Concrete is often used in the construction of large volume shields but its activity is relatively 
high because of Potassium, Uranium, Thorium and other products (fallout) found in the 
composition of standard concrete. Raw materials with especially low content of radioactivity 
were chosen in all building parts. Radiation emanating from the concrete was further reduced by 
addition of an inner layer of 50 mm iron (see fig. 19). In the air gap of ~50 mm between the 
walls and the iron lining, air is sucked out with the intent that Radon emerging from the walls 
should not enter the room. Filtered air is let in at the middle of the room and let out through 
small openings on the floor to the air gap behind the lining. The forced airflow of .083 m3s-1 
corresponds to changing all the air inside the laboratory every 13 minutes. The welded 50 mm 
iron lining is enough to trap most of the released activity behind the lining and to stop X-rays 
and low energetic γ-rays and reduce the K-40 gamma background emitted from the walls by 
more than a factor of 3. Fig.19 shows a schematic drawing of the floor plan of the laboratory. 
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Fig.19: The Low Level Laboratory (LLL) of the AlbaNova University Centre 
 
 

Many experiments have been done to determine the reduction of the background detection in 
the laboratory as inside and outside the detector shield. Table3 present the count rate for three 
selected gamma transitions. As a result from those measurements one can conclude that BG 
inside the shield may receive contributions from incompletely shielded external γ-rays in 
addition to the intrinsic contamination of detector and cryostat.   
                        

 
Table3 

 
Count rates of the full energy peak of selected gamma-ray transitions measured inside the lead shield and 

compared to the count rates outside the shield using the same Ge-detector 
 

Gamma-ray  
Energy (keV) 

Nuclide
 

Count rate/s
and reduction 
factor inside 
lead shield  

Count rate/s 
in LLL 

609 214 Bi  1 0.00023(8) 
25 

 
 
 

0.0057(3)  
 
 1460 40 K 0.00034(5) 

86 
0.0293(4) 

 
 

2615 208 Tl 0.00030(4) 
28 

0.0083(2)  
 
 

The BG spectra are shown in fig.20. From those spectra one can deduce that there are 
virtually no significant gamma-peaks, except the gamma peaks at 1460 and 2615 keV. The peak 
at 511 keV originates from annihilation of positrons. Positrons are likely to be created by pair 
production of cosmic rays within the detector materials or shielding materials. In general it was 
found that the total BG is 5.4 S outside the detector shield and 0.37 S  inside it. The “total 
reduction factor” is 15.   

1− 1−

 
The10 cm of lead considerably attenuates 609, 1460 and 2615 keV. The expected 

transmission of 609 keV through 10 cm of lead shield is vanishingly small.  Therefore the counts 
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of 609 keV received in the measurements are from contamination inside the shield, eventually 
within the detector materials. The high reduction of 1460 and 2615 are in accordance with a 
transmission through ≥10 cm of lead.  
                               
 

 
 

Fig. 20: Gamma-ray spectra for three different energy intervals, recorded with the  
Ge-detector in the centre of the Low-level laboratory outside the shield (full line)  
and inside the lead shield (filled gray), for 250000sec to 411000sec, respectively. 
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4.3 Results and Discussions 

  
The Be-7 isotope  
 
The most abundant isotope to be studied by this method is Be-7 because it has a suitable half-

life (T 21 = 53.3 days) and good abundance (10.52%) [Ric96]. As mentioned it is considered to 
be a good indicator of solar events and periodicity of the solar system, i.e. sun cycles and sun 
eruptions as well as of vertical transport of air masses in the atmosphere of Earth. 

 
 The idea of this research was to measure the Be-7 fall down in Sweden and Finland 

simultaneously by collecting air for 24 hours from morning to morning in both countries. The 
results are shown in table 4 and in figures 21-23 for a period of about two months: July-
September 2005. The results show a good correlation between the collected Be-7 at both sites, 
clearly seen in fig. 21. The two measuring sites are located about 420 km apart at [60o, 10' N, 
24o, 57' E] for AlbaNova, Sweden and [60˚, 14 ' N, 24˚, 03' E] for Helsinki, Finland.  

 
Collection of airborne radioactivity has been performed by FOI in Sweden since1958. In the 

FOI method, weekly samples are collected at 4-5 stations, by taking ¾ of each filter (1/4 of the 
filter is left for the archive), and compressing them into a small disc of diameter 60 mm and 
thickness 13 mm. The samples are measured 3-4 days after collection. At the Kista station 12 
filters are produced per week, compressed into one circular disc of diameter 94 mm and 
thickness 16 mm, and six rectangular bricks, 77 mm x 48 mm x 13 mm. Simultaneous but less 
frequent results from the Kista station are included in Table 4. 

In our present study of airborne radioactivity the collection time was ~24 hours every day 
from 7 am to 7 am next day except during weekends. The collection was directly followed by 
gamma spectroscopic measurements of the radioactivity of the filter samples compressed as 
described in 4.2. The collection and analysis done by FOI runs on a weekly basis and is therefore 
probably less sensitive to weather conditions. The same start and end time for collection of air 
filters was used in Finland (Helsinki) and the experiments were run in parallel and continuously 
for the whole period 11 July-31 August.  

The results for Be-7 obtained in our studies in Finland and Sweden and the parallel 
measurements done by FOI at Kista are presented in table 4. The results from AlbaNova and 
Helsinki are also shown graphically in Fig 21. The most striking observation is that the collected 
Be-7 activity in Finland and Sweden seem to mainly differ by a proportionality constant 
allowing for differences probably due to local weather conditions. On the whole the 
measurements in Stockholm gave higher levels of Be-7 than those in Helsinki.           

One advantage of the present study is the immediate gamma measurement of a collected 
sample for 10 hrs. This procedure gave gamma spectroscopic information also for more short-
lived radioactivity, like radon progeny [Ern06].  
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Table 4. The Activity of the Be-7 samples measured 
in Sweden and Finland as discussed in the text 
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Fig.21: The Be-7 activity in Sweden and Finland for a short period from July to September2005 
 
 

 
 

Fig.22: FFT of the measured radioactivity of Be-7 for the period July to September 2005 at the Alba 
Nova Physics Center in Stockholm Sweden 

 

 
 

Fig.23: A FFT of the intensity measured radioactivity of Be-7 for the short period July to September 
2005. The measuring station is located at Helsinki in Finland 
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In our short time study the statistical accuracy is 1%, see Table 4. Allowing for ~5 % error 
due to individual differences of filters and absolute efficiency calibration of detectors one can 
conclude that the differences observed between Finish and Swedish data and results are 
significant. Therefore one can conclude that the level of Be-7 activity is higher in Stockholm, but 
that the long time trend is the same. The Fourier transforms differ significantly. Periodic 
structures are not found. Consequently the short time variation of colleted Be-7 activity that is 
observed must be of local origin. 

 
Our study led us to examine earlier studies of Be-7 radioactivity. Measurements from 1983-

1999 show a strong correlation between the airborne radioactivities of Be-7 found both in 
Sweden and Finland. The explanation of the simultaneous changes in the collected Be-7 
activities is that they originate in periodicity of sun and sudden changes and effects like eruptions 
at the sun. Seasonal variations in the atmosphere of the Earth also seem to be highly correlated in 
both countries. Both the production of Be-7 and seasonal weather conditions vary with latitude. 
Therefore the similarity between Helsinki and Stockholm might partly be explained by their 
north-south location. Fig.24 also shows a higher activity of the Be-7 always found in Sweden 
compared to Finland.  The FFTs done for the monthly measurements of the long period for both 
countries are shown in figures 25 and 27.  

 
The DFT was done also for the long time study of Be-7 intensities.  As seen in figures 26 and 

28 the resolution is improved. Periodicity caused by the sun is more clearly seen. The strong 
peak at frequency number 17 is due to annual variation. The 11 year cycle is found close to 
frequency number 1. In between 2 and 3 year cycles are visible in the DFT done on Swedish data 
(fig. 26).  
 

 
 

Fig.24: Activity (μBq/m3) of Be-7 in Sweden (upper curve) and Finland (lower curve) for long period 
1983-1999 
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Fig.25: The FFT of the monthly measurements of the Be-7 intensity for the period 1983-1999 in Sweden. 
The intense peak at “Frequency = 10” corresponds to a period of 1 year. 

 

 
     Fig.26: The DFT of the Be-7 intensities versus frequency number in Sweden for the period 1983-1999 
 

        
Fig.27: The FFT of the monthly measurements of the Be-7 intensity for long period 1983-1999 in 

Finland 
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 Fig.28: The DFT of the Be-7 intensities versus frequency number in Finland for the period 1983-1999. 
The strongest peak (at frequency number = 17) corresponds to a period of 12 months  

 
 

There are three or four modulation frequencies of the production rate of the Be-7, mainly the 
amplitude modulation due to the solar wind increasing density by the 11 year cycle which is 
about 40% at mid latitudes and increases with geometric latitude and height [Lal67, Bro91, 
Her89]. The galactic cosmic rays (GCR) and solar energetic particles (SEP) interacts with earth’s 
atmospheric nuclei and produce many different isotopes through nuclear interactions, 
particularly Be-7 radioisotope, the Be-7 production rate depends on the 11 year cycle of the solar 
activity because there is an anti correlation between the GCR flux and the solar activity. The 
difference in the Be-7 production between the minimum and maximum sunspots is 7% in the 
lower equatorial atmosphere and 10 times more in the polar region [Yos03]. Strong correlations 
between Be-7 activity and the solar protons events are shown by NASA LDEF experiments 
[Phi01]. The other main source of variability is the terrestrial phenomena corresponding to 1 year 
and 2-3 years cycles [Koc96, Bal01], the one- year period corresponds to the seasonal variations 
that affect the stratosphere-troposphere transport. The last short modulation is caused by the 27 
days cycle due to the rotation period of the sun. Not all of these modulation patterns are 
presently fully understood.  It can be seen clearly from the activities of Be-7, its FFT and DFT 
figures. From the figures one can see clearly the high peak of the 1 year sun cycle period, which 
corresponds to the seasonal variations, that is an effect of annual exchange of air between the 
stratosphere and troposphere transportation. The 2 smaller peaks at lower frequency number are 
known from other studies. An interpretation of those peaks i.e. the second and the third peaks in 
the spectra is that they are related to 2-3 years sun cycles [Bal01, Koc96].  
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The Cesium-137 isotope  
 

The Cs-137 study is a totally different case, although the collection and measurement of the 
radioisotope are similar to the previously described Be-7 one. The Cs-137 is a radionuclide, 
which was introduced in the atmosphere following the first atmospheric nuclear explosions. 
Because of its long half-life (30.07 year), it has been the predominant anthropogenic 
radionuclide. If the Cs-137 measured in our samples has entered the troposphere from the 
stratosphere, once in the troposphere, the same processes that affect the Be-7 would affect the 
Cs-137. The concentration of the Cs-137 in the surface air over Sweden varies in the same 
pattern as the Chernobyl fallout. The Cs activity is decreasing in accordance with its half-life but 
shows seasonal variations. The level of activity increased in the southern part of Sweden because 
of nearness to the more affected areas in Eastern Europe. In the areas around Gävle and Umeå 
where the fall out of Cs-137 was high because of weather conditions (of Sweden with higher 
deposition of Cs-137) local farming activities such as ploughing and harrowing can lead to 
momentarily higher activity levels in the air caused by resuspension of Cs-137 from the soil. 
This is mainly seen as high activity in the surface air during spring and summer time. Fig.29 
shows the variations of the Cs-137 concentration from 1986-2005, for two stations at Umeå and 
Stockholm [FOI06]. Table 5 gives the measured Cs-137 activities in Sweden and Finland. The 
results are also shown in fig.30. The level in summer in the Stockholm area (Kista and 
AlbaNova) is ≈1 μBq/m3 as seen in figures 29 and 30. The activity level in Helsinki is slightly 
higher. The fluctuations seen are mainly statistical.  

 

 Fig.29: The Cs-137 activities in Sweden measured by the FOI 1986-2005. The upper curve 
shows the activities measured at Umeå and the lower curve in Stockholm 
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Fig.30: The Cs-137 activity in Sweden and Finland for short period July to September 2005 
                                           The upper curve in Finland and the lower in Sweden 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Novelty and Change Detection in Radiation Physics Experiments 39 

 
 
 
 
 

Table 5  
Measurements of Cs-137 Activity in Sweden and Finland 
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4.4 Detection of Radioactivity Flying an UAV 

Although stationary big fans and low-level counting is one way of monitoring radioactivity in 
the air, it may need some complementary techniques in certain cases. One such case is the search 
for a site with houses or lets our radioactivity. Another case is when you want to map the 
radioactivity as a function of time and place. Then a mobile counter is required and if the 
radioactivity is high, then an unmanned vehicle may be needed. This could be the case in a 
nuclear power-plant accident [Kar02, Ker02].  
 

A small unmanned aerial vehicle (UAV) flying a Geiger-Muller (GM) counter could be one 
solution. Hence we have made some tests by having such a device flown by the small UAV 
operated by Nils Hollman and analyzing the data on the return of the UAV. The results are 
shown in fig.’s.31 and 32. The former shows the measurement in the air and the second one 
shows a similar measurement on the ground. In this case there is very little, if any, difference 
between the measurements (as expected). However, it shows that it is possible to have a cheap 
GM-counter flown by a small UAV. When connected to the GPS of the autopilot of the UAV 
one will get a time and position stamp on each measure value.  
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Fig.30: Radioactive events measured by the UAV. 

 
 

Ground Level GM-counter
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Fig.31: Radioactive events measured on ground. 
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A Geiger-counter works by detecting the ionization produced by a radioactive particle. It has 
a very high efficiency but does not do any energy discrimination. The next, logical step would be 
to fly a small NaI(Tl) counter. 

When flying a NaI(Tl) detector a pertinent analog-to-digital converter (ADC) is needed. 
Small, low weight ADCs are available from e.g. Amptek in the United States. A system using a 
2” x 2” NaI(Tl) and Amtek ADC is shown in fig.32. The ADC is communicating by a RS-232 
serial port with the measuring computer. In our case this is a Motorola 68332 EyeBot [EyeBot] 
system. 

 

Fig.32: The 2” x 2” NaI(Tl) detector and pertinent ADC discussed in the text. 
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5. SUMMARY AND CONCLUSIONS 
 
In the present exploratory study we have made use of several techniques in order to find very 

small quantities of radioactive and stable substances. The main tools are the high energy-
resolution Ge counter and the high efficiency NaI(Tl) and Geiger Muller counters. However, at 
low intensities, the natural background is equal or larger than the quantity we want to measure. 
Hence, shielding becomes very important and this has indeed been demonstrated in this thesis. 
The low-level counting laboratory and the pertinent lead shield at the AlbaNova University 
Center have been proven to be very valuable. This is also the case of the completely set-up, fan, 
filter and the flow meter at the top floor of AlbaNova, which was used for the studies of airborne 
radioactivity. 

  
Using the above tools and pertinent experimental methods (spectroscopy, extended 

calibration, etc) data have been collected and analyzed. The results have been compared to 
similar measurements performed by FOI in Sweden and FMI in Finland. We have found good 
correlations of Be-7 activities for short and long period of time represented by the peaks 
according to different phenomena at the solar system. The production of Be-7 is quite complex 
since there are Be-7 induced both by particles from the sun and from the galactic plane. The 
latter are most likely modulated by the solar winds, i.e. the magnetic field of the earth changes 
and modulates the particle flow from the galactic plane. This is one problem. The other problem 
has to do with the weather and how the Be-7 reaches the ground. Since the Be-7 has to come 
down with some aerosol, it will also depend on the pollution in the air. 

  
An exploratory, preliminary study of a small expendable UAV has also been performed. 

The UAV was carrying a logging GM-counter and the plans were to include an additional NaI 
(Tl) spectrometer in a subsequent study. It is expected that when an energy spectrometer is 
flown, then separate payload and flight computers are needed. This is due to the extensive 
computer time needed to do the spectrum analysis. Still the two computers need to “talk to each 
other”, i.e. a small network is needed on-board the UAV. Alternatively, the counting rate from 
the GM-detector may be all the information the flight computer needs. This still needs to be 
investigated. However, to our knowledge, this is the first experiment with a low-cost, long 
duration expendable UAV flying a GM-counter. 

  
Part of the present thesis was performed in Baghdad at the Iraqi IRT 5000 reactor using 

neutron activation techniques. The studies included the contents of Iodine in camel milk. We 
found that its concentration was between 21 ppm and 53 ppm, which exceeds more than 50 times 
compared to milk from other animals, e.g. cows. These findings are suggestive for actions to be 
taken if there is an outlet from nuclear power station in the area. 

 
Combining discrete measurements, global surveillance and directed task measurements may 

serve as a reasonable way to qualitatively find out about small amounts of radioactive outlets. 
The present thesis has hopefully shown that this is the case and also presented some ideas for 
future studies. 
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