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Unsealed sources of radionuclides are widely used in hot laboratories of medical centers 
and hospitals which can be easily dispersed and may be taken undue into the body. The 
presence of radioactive substances inside the human body generates risk of internal intakes of 
radionuclides and organ's tissue retention. In order to make control for any contamination 
occurring from unsealed sources, an AHP programme (PC programme) has been developed so 
that it includes all data of most unsealed sources used in the hot laboratories of nuclear 
medicine units at hospitals/medical centers. Sequence of questions are retrieved by the 
programme in relevance to the place address, uses, activity and half life of the unsealed 
radioisotopes that may cause contamination. The programme will also give information 
output about the hospital that use the unsealed source and its location which facilitate 
emergency planning and contamination control to the environment. 

INTRODUCTION 

Ionizing radiation and radioactive materials are widely used in medicine, industry, 
agriculture, environmental studies, pollution control and research. These uses benefit each of 
us individually and the community as a whole. 

Unsealed sources used in many laboratories for different application are easily dispersed 
and may cause contamination of the skin and may be taken into the body. 

Radioactive contamination of persons, clothing , tools, instruments, benching, etc. 
contributes to the hazard from external radiations and also provides a route for radioactive 
material to be ingested or inhaled thus creating a hazard from internal radiation.1*2 

If a worker, people, or any place becomes contaminated from any isotope 
decontamination method used depend upon the location, the isotope type, half life, mode of 
radiation and the form of contamination. Normal cleaning techniques for externa) 
decontamination usually involve washing with soap and lake warm water, although the aid of 
other techniques and medical personnel may be needed. 

Reduction of internal contamination depends on the radiation half life of the isotope 
(physical, biological and effective)and to follow the source of contamination. Planning the 
response to radiological emergencies arising from unsealed source is the aim of this paper. 

Medical Uses 
Around 100 radioisotopes are used in medical diagnosis, sterilization of medical 

products, radiotherapy, and research in nuclear medicine. 
Diagnostic uses include gamma-ray scintillation imaging and positron-emitting 

imaging. Radioisotopes used for diagnosis are selected for their ability to provide useful 
clinical information while exposing the patient to minimal radiation. Thus, they need to have 
a short half-life appropriate to the investigative procedure. From a possible 2,300 
radioisotopes only a few satisfy the selection criteria for diagnostic use. Of these, none 
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present a significant security risk because these radioisotopes are too short-lived, not very 
abundant, or not very radioactive. 

Radiotherapy, the primary therapeutic application of nuclear radiation, destroys 
unwanted or malfunctioning tissue, such as cancerous cells, in the body. External radiotherapy 
is called teletherapy. 

Typical teletherapy sources contain 4995 x 10l° to 999 x 10 i : Bq. Other therapeutic 
applications include the irradiation of blood for transfusion and the treatment of clogged 
blood vessels. Like diagnostics, radiotherapy employs various radioisotopes. Unlike 

. diagnostics, which does not use high security risk sources, radiotherapy uses some radioactive 
sources that are worrisome from the security standpoint because of their prevalence and 
radioactivity levels. These sources contain Co-60 and cesium-137 (Cs-137), Radiotherapy 
makes extensive use of remotely controlled Co-60 sources. According to the IAEA, Co-60 is 
the roost common radioisotope used in radiotherapy with over 10,000 teletherapy sources in 
use worldwide, followed by Cs-137.3 Table 1 shows the most important radioisotopes used in 
Egypt and its medical applications. 

Table 1. Medical Radioisotopes & Applications* 

ISOTOPE 
1-125 

1-131 

Tc-99m 

Tl-201 

Co-60 

Ga-67 

HALF-LIFE 
59.9d 

8.04d 

6.0ih 

73.1h 

5.27y 

78.3h 

APPLICATIONS 
Osteoporosis detection, diagnostic imaging, tracer for drugs, 
monoclonal antibodies, brain cancer treatment (1-131 
replacement), SPECT imaging, radiolabeling, tumor imaging, 
mapping of receptors in the brain, interstitial radiation therapy 
(brachytherapy) for treatment of prostate cancer. 
Lymphoid tissue tumor/hyperthyroidism treatment, antibody 
labeling, brain biochemistry in mental illness, kidney agent, 
thyroid problems, alternative to Tl-201 for radioimmunotherapy, 
imaging, cellular dosimetry, scintigraphy, treatment of graves 
disease, treatment of goiters, SPECT imaging, treatment of 
prostate cancer, treatment of hepatocellular carcinoma, treatment 
of melanoma, locate osteomyelitis infections, radiolabeling, 
localize tumors for removal, treatment of spinal tumor, locate 
metastatic lesions, treat-neuroblastoma, internal (systemic) 
radiation therapy, treatment of carcinoma of the thyroid. 
Brain, heart, liver (gastoenterology), lungs, bones, thyroid, and 
kidney imaging, regional cerebral blood flow, equine nuclear 
imaging, antibodies, red blood cells, replacement for Tl-201. 
Clinical cardiology, heart imaging, less desirable nuclear 
characteristics than Tc-99m for planar and SPECT imaging, 
myocardial perfusion, cellular dosimeoy. 
Teletherapy (destroy cancer cells), disinfect surgical equipment 
and medicines, external radiation cancer therapy. 
Imaging of abdominal infections, detect Hodgkins/non-Hodgkins 
lymphoma, used with In-Ill for soft tissue infections and 
osteomyelitis detection, evaluate sarcoidiodis and other 
granulomaous diseases, particularly in lungs and mediastiusim. 

In the present study, we gathered the data concerning all Egyptian medical centers 
which uses unsealed sources either for radiotherapy or radio diagnosis (around 72 Centers). 
These data include: Type of the unsealed sources used the medical applications & the half 
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life, the activity and mode of radiation emitted for the radioactive unsealed sources, the 
centers location and governorate and the person incharge 

AHP (Analytic Hierarchy Process) script provides with a range of possible solutions in 
ranking order have been developed. By asking series of questions and obtaining preferences, 
AHP script can determine which radioactive isotope has induced the evolving environmental 
contamination and laboratory's name to which this isotope is belonged, the activity of the 
isotope in a very short time without need any experience to run the programme. This facilitate 
the early identification of any missing unsealed sources and determine its possible health 
hazards, initiating a valid plan for decontamination and redirect any diversion.5 

PROGRAMME DESCRIPTION 

Creating an AHP script involves two basic steps: 
1 - Data table that lists the laboratories, the isotopes used in each laboratory and 
characteristics that will be compared 
2 - The tree that will run the comparison by asking the user a series of questions (Figure 1 

Root 
Unevaluated 

introduction 
devaluated 

MyQuery 
Function 

MyOutput 
Function 

Figure 1. 

Radiation rescues* Selection Guide 

This application will help you select a radiation 
resowce by gauging the importance you assign to 3 key 
resources features: HaS Life Time, Activity Sq and 
Mode of Radiation 

After asking you a series of questions about the 
relative importance you assign to each of these 
features, this appfcaticn wA present you with a 1st 
of avaleWe resources. 

To begin, press Next.. 

Ne** I Cancel I 

Figure 2. 
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The data used to create the script is shown in Figure 2. The following example 
illustrates the steps used to run the AHP script. The user will be trying to answer the questions 
that appear according to the data that needed. User will rank the importance of the features: 
half life, mode of radiation, etc, as in Figures 3., 4, and 5. This information is combined with 
the performance of each laboratory in the feature categories to find the laboratories and all its 
knowledge for the particular user's needs as in Figure 6. 

Which of these radotkjrt tesouices features 
it more important to you? 
MedecfRadwfcmC CCCCGCCCCC Activity BBq/month 
More Important I EquatV Important | Mote Important 

Figure 3. 

Figure 4. 

Figure 5. 

Back Next Cancel 

Which of thesa radiation resources (natures 
is mere important to you? 
Mode o! Radiation P r C C C P T C C C r HaBUeThe 
More Important ( Equaly Important I More Important 

Back Next | Cancel I 

Which of these radiation resources features 
a more important to you? 
Activity QBtj/monlh r r C T r p r c r C C HaTfLifeTiri 
More Important | Equity Important I Mote Important 

Back J Next | Cancel | 

Finally AHP script described as a fancy form of weighted average ranking. By asking 
the user a series of pair- wise comparisons between each of the ranking criteria {half life-
mode of radiation,) then an AHP script will calculate the relative importance the user places 
on each criteria. This information is combined with an expert's rating of each product or 
alternative in each of the categories and a weighted average score is computed. 
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C t t w * e d ™ heads to ttSIhe (ebb tylhal (sabre 

1 S B W | Rriaftin Resource | CwferiGantei| M«feofR«iafon[ Adrvity G9q ^nofrfi / H a l l M i r a | Ucerat Start Date taontywr 

1 1-125 21 3 0.004 SO.H 20M*(M 
1 1131 41 3 0.007 304 28 Feb 04 
1 1-135 13 3 0004 $0.14 28U04 

Back N«m Cancel 

Figure 6, 

SURFACE CONTAMINATION MEASUREMENTS 

In monitoring for the surface contamination, one of the following methods may be 
adopted. 

In the direct method, the probe of the conventional contamination monitor is used to 
scan the area which is suspected contamination and the reading so obtained provide a direct 
measurement of the depee of contamination. Where the surface areas involved are very large, 
it may not be practicable to monitor the entire surface and in such cases it will be sufficient to 
monitor representative areas. Where such direct measurements are impossible, a swab 
technique should be used. This involves rubbing a filter paper lightly over the contaminated 
surface, usually covering an area of up to 100 cm2. This filter paper is then assessed for 
activity, using the contamination monitor. 

DECONTAMINATION 

Decontamination is the process of removal of radioactive contamination from the skin 
or from surface such as the wall or floor of working areas. Decontamination can prove to be 
an expensive operation, in terms of both time and money, and hence the main aim in the 
design and operation of any working place for radioactive substances should be to reduce the 
possibilities of any contamination to the absolute minimum. Nevertheless, whenever work 
with radioactive material is carried out, a certain amount of contamination will inevitably 
arise and one of the principal objective in the design of a radioisotope laboratory must be to 
prevent the attachment of contamination to surface and to facilitate the removal of 
contamination with the least possible damage to the affected surfaces. 

Radioactive contamination may exist in loose from or may be more or less fixed as a 
result of physical and chemical factors. All loose contamination should be removed for 
obvious reasons, but the effort involved in removing any fixed contamination may be 
considerable. Ideally, all contamination should be removed; however there are certain 
considerations which should be taken into accouni in determining the damage of 
decontamination required. 
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The focus on radiation safety is rising proportionally but changes the attitude and action 
is needed. The data base can be used to follow the contamination and determine every thing 
about the source pollution but it is difficult in use and need specific training. 

CONCLUSION 

In this paper an Analytic Hierarchy Process has been developed to follow the 
contamination and determine the isotope, the laboratory which uses it and its Medical 
application in a very short time without need to prior experience. 

The developed AHP Programme was found to be easy and efficient tool for unsealed 
sources contamination control of the environment. 
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