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Summary

The government of Zambia has joined several international co-operatives in order to reduce poverty and improve public healthcare services. Activities concerning nuclear sciences and technology have gained greater importance in Africa during the past decade. Zambia has focused on upgrading the nuclear medicine capability and introducing in-vivo medical investigations using a gamma camera. The project's aim was to initialise a quality improvement project for the hot laboratory of the Lusaka University Teaching Hospital. For this purpose activities concerning the preparation of radiopharmaceuticals have been studied, optimized and recorded in procedure guidelines, taken the Zambian legislation concerning ionising radiation into account.

Due to the fact that the Zambian legislation on ionising radiation protection has not yet been enacted (March 2007), international regulations have been the guideline for this project. Especially regulations of the ICRP and IAEA have been taken into account which have also been the basis for the Zambian legislation.
In order to get an impression of the current situation of the hot laboratory of the department an observation of two (2) weeks has been carried through. Based on these data and the international regulation several hiatus have been identified. In co-operation with the department safety in handling radioactive material was given priority. To initialise a quality manual for the hot laboratory ten (10) procedure guidelines have been written; six (6) abstracts from these guidelines have been made in order to be put in marked places on the Nuclear Medicine department. Furthermore a report of recommendations has been written with argumentation and recommendation concerning the hiatus from the gap analyses. Although the report of recommendation, the procedure guidelines and their abstracts have been well received by the NM department, it is not clear if they will be authorised and implemented on a short term. It could take some time for the NM department to get acquainted with these guidelines and adapt the quality system.
To upgrade their capability and introduce in-vivo medical investigations using a gamma camera the department should expand and renovate, especially the hot laboratory. The current laboratory does not meet the international regulations. Since Zambian legislation is not yet adequate it is recommended to follow the regulation given by the ICRP and IAEA for quality improvement of the hot laboratory. Within this empowerment process it is recommended to continue to optimize and record in procedure guidelines the activities concerning the preparation of radiopharmaceuticals. Co-operation with the Radiation Protection Authority and international radiation safety organizations, like ICRP and IAEA, is necessary.
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Introduction

Cooperation with international bodies on programs has been initiated in Africa to reduce poverty. (Website 01). Agricultural development used to be highlighted as the engine for growth, but it was acknowledged that social agendas to promote human development and to help the poor, such as human health and water and sanitation issues, had to be specifically addressed. During the past decade, regional activities in the field of nuclear sciences and technology have assumed greater importance in Africa. This is especially the case in areas of common interest, such as radiation protection and safety, nuclear medicine, and maintenance of scientific instruments. (Website 02) Important activities are being carried out through a regional mechanism known as AFRA. This inter-governmental arrangement is concluded under auspices of the IAEA and established at the initiative of several African countries, including Zambia. (Website 02).
Zambia is landlocked in the tropics of southern Africa. It is shaped like a butterfly and covers about 752,610 km2 (Figure 1). That is slightly smaller than UK and France combined, and about 18 times bigger than the Netherlands (McIntyre, 2006). 
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Figure 1
Republic of Zambia

The country has a population of about 11.5 million (Website 01) with an average population density of about 14 people km2. The rural areas generally have a lower density. Zambia’s urban population is about 40% of the total; 10% of the total population lives in the capital Lusaka (McIntyre, 2006). 

With about 73% of Zambians living in poverty and suffering from lack of access to good quality social services (website 03), the country remains one of the world’s poorest countries (McIntyre, 2006). Despite progress in privatisation and budgetary reform, Zambia’s economic growth remained below the percentage needed to reduce poverty significantly. A tighter monetary policy will help cut inflation, but Zambia still has a serious problem with high public debt.
To reduce the poverty Zambia joined several technical co-operations. Through these initiatives Zambia receives support to improve on agricultural productivity and healthcare services. In order to stimulate the latter collaboration on the introduction of nuclear technology was initiated. The focus has been on upgrading the nuclear medicine capability and introducing in-vivo medical investigations using a gamma camera (Website 03).
This graduation project has been carried out as a final part of the BSc course Medical Imaging and Radiotherapy of Fontys University of Applied Sciences, Eindhoven the Netherlands in order to deepen the contents of the speciality and to gain experience broader than the daily activities on the department. The project has been carried out in cooperation with the Nuclear Medicine department of the University Teaching Hospital, Lusaka, Zambia.

The goal of this graduation project is to initialise a quality improvement project in order to optimize and record in procedure guidelines the activities concerning the preparation of radiopharmaceuticals, taken the Zambian legislation concerning ionising radiation into account.

In order to achieve this goal the following research questions had to be answered.

· How does the Zambian legislation read concerning receiving, preparation, storage, application and processing of ionising radioactive material?

· How does the Zambian legislation read concerning aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· How do the rules read concerning the activities in the preparation room ?

· How do the rules read concerning the checking for and dealing with contamination with radioactive material?

· How is the present situation concerning the above formulated questions?

This report contains five (5) chapters describing all the stages of this graduation project. In the first chapter the method of research is described and chapter 2 gives an overview of the relevant legislation. The third chapter deals with the Lusaka University Teaching Hospital and more specifically the Nuclear Medicine department. Chapter four gives into detail the used methods with their matching results. Conclusions and recommendations are given in the fifth chapter. At the end of this report there is a bibliography and some appendices.

1 Method of research

1.1 Situation

The University Teaching Hospital (U.T.H.) is the only hospital in Zambia with a department of Nuclear Medicine (NM). Recently a 'cancer disease centre' has been build next to the U.T.H.. This centre is equipped for radiotherapy and chemotherapy and will be opened in the near future. This new centre has a positive influence on the U.T.H., resulting in an upgrading of the Radiology department and promoting Nuclear Medicine in medical Zambia as a diagnostic tool.
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Figure 2
Lusaka University Teaching Hospital
1.2 Problem

The NM department currently does not meet international standards from e.g. ICRP and IAEA. Therefore the department has agreed to a project on quality improvement. After deliberation the NM department came up with several aspects which they would like to improve. Based on these aspects (imaging optimalisation, procedure guidelines, isotope handling hygiene and radioactive disposal) the focus was put on the hot laboratory, where the radiopharmaceuticals are being prepared. 

1.3 Goal

The goal of this project is to initialise a quality improvement project in order to optimize and record in procedure guidelines the activities concerning the preparation of radiopharmaceuticals, taken the Zambian legislation concerning ionising radiation into account.

1.4 Research questions

The following research questions have to be answered in order to be able to reach the goal of the project. 

· How does the Zambian legislation read concerning receiving, preparation, storage, application and processing of ionising radioactive material?

· How does the Zambian legislation read concerning aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· How do the rules read concerning the activities in the preparation room?

· How do the rules read concerning the checking for and dealing with contamination with radioactive material?

· How is the present situation concerning the above formulated questions?

With each research question a number of sub-questions has been formulated, which can be found in Appendix 1.

1.5 Research design
This research has had a developing structure aiming to assist in choosing and/or designing a qualitative solution to the problem.

First the problem has been identified and a literature study has been carried out concerning this problem. During this study no data have been found on the Zambian legislation concerning either ionising radiation or the aseptic preparation of (radio)pharmaceuticals. Therefore international regulations have been a guideline during the realisation. With these regulations in mind the present situation in the hot laboratory of the NM department has been observed. At the same time deliberation with the head of department took place in order to define the desired situation for the hot laboratory. After the observation a gap analyses between the present and the desired situation was carried out. Based on the results of this analyses a proposal was launched to initialise a quality manual on activities concerning receiving, preparation, storage, application and processing of ionising radioactive material. In cooperation with the NM department the most urgent matters have been determined. Beside the quality manual as well a report with recommendations has been written to stimulate further improvement of the quality on the NM department. 

During this research several sources have been used in order to gather the information. First of all literature concerning Zambian and international legislation concerning ionising radioactive material and aseptic preparation of (radio)pharmaceuticals has been studied. Furthermore experts on ionising radiation have been consulted. And last but not least employees of the NM department in Zambia as well as in the Netherlands have been asked for their input.

1.6 Documentation

The results of the gap analyses carried out in the hot laboratory of the NM department have been formulated in a report of recommendations. This report has been presented to the department before departure to the Netherlands. Out of the result of the gap analyses some urgent matters have been identified and concerning these matters procedure guidelines have been written. These procedure guidelines have been presented to the NM department as well and are the initialisation of a quality manual.

This report is the theoretical account of the whole project. Furthermore an article will be written for a (Dutch) professional journal. To conclude this project a presentation will be held on Fontys University of Applied Sciences in Eindhoven, the Netherlands.

1.7 Time pad

1.7.1 Orientation phase

In May 2006 Ms. Puck Borsboom and Mr. Willem van Prooijen discussed the possibility of a graduation assignment abroad. Due to the experience of Ms. Puck Borsboom in Nuclear Medicine a connection was made with the NM department of the U.T.H. in Lusaka, Zambia. Through correspondence the department welcomed the idea of an international project. In June 2006 Mr. Luc Jacobs expressed his interest in an international project concerning Nuclear Medicine and joined the project. Mrs. Josien Los-Graafland was assigned to the project in August 2006 by Fontys University of Applied Sciences. In the period August - September 2006 the problem has been defined in cooperation with the NM department of the U.T.H.  

1.7.2 Initialisation phase

Starting in October 2006 several research questions have been derived from the defined problem (Appendix 1). To answer the questions related to the stated problem a literature study was carried out concerning the Zambian legislation during the following months. However, there has been no data available to the project before departure to Zambia. Since the project decided to focus on the handlings concerning radioactive material, the study was paused. If data became available during the process, it would be included; otherwise these questions would be left unanswered. Furthermore literature concerning the hot laboratory has been collected as a resource for the realisation phase. Publications of the ICRP and IAEA have been briefly studied for relevancy and bound for reference in Zambia.

During this phase personal preparations for the visit to Lusaka, Zambia were started as well.

1.7.3 Definition phase

In the definition phase (November - December 2006) a detailed description of the final products with their accompanying requirements has been formulated (Appendix 2) Furthermore, the preconditions were determined and a risk analyses was carried out. 

1.7.4 Design phase

The design phase was used to determine the layout and contents of the different final products. However, the communication with the NM department in Lusaka was not on a regular base and the questions stated in these contacts were not always answered adequately. Therefore the project members decided, after deliberation with Mrs. Josien Los-Graafland, that further discussion on these items was going to be done in Lusaka, Zambia with the head of department. As a result before departure there was not a detailed design of each final product.

1.7.5 Realisation phase

From January to March 2007 the realisation phase has been carried out on the NM department of the U.T.H., Lusaka, Zambia (1.5 Research design). The documentation has been carried out in the Netherlands in the period of April to May 2007.

1.7.6 Communication phase

The article for a professional journal has been written in June 2007 as part of the communication phase. The conclusion of the project as a whole is a presentation held at Fontys University of Applied Science, Eindhoven, the Netherlands at the end of June 2007.

2 Legislation

2.1 International Commission on Radiological Protection 

The International Commission on Radiological Protection (ICRP) is a non-profit organisation established to advance science of radiological protection for the public benefit. Founded in 1928 by the International Society of Radiology the ICRP is an advisory body providing recommendations and guidance on all aspects of protection against ionising radiation.

In preparation of its recommendations, the ICRP considers the fundamental principles and quantitative bases upon which appropriate radiation protection measures can be established. In order to meet the needs of the individual countries, the ICRP leaves the responsibility of formulating the specific advice, codes of practices and regulations to the various national protection bodies. While ICRP has no formal power to impose its proposals, in fact legislation in most countries adheres closely to ICRP recommendations. (Website 04)
2.2 International Atomic Energy Agency

The International Atomic Energy Agency (IAEA) is an independent international organisation related to the United Nations. The IAEA is set up in 1957 as the world’s centre for cooperation in the nuclear field. The Agency works with its member states and multiple partners worldwide like the ICRP to promote safe, secure and peaceful nuclear technologies.

The IAEA assists the member states in planning for and using nuclear science and technology for various peaceful purposes. Furthermore the IAEA develops nuclear safety standards and promotes the achievement and maintenance of high-level safety in applications of nuclear energy, as well as the protection of human health and the environment against ionising radiation. Through inspection the IAEA verifies that its member states comply with their commitments to use nuclear material and facilities only for peaceful purposes.

In 1969 the Republic of Zambia agreed with the mission statement of the IAEA and signed the Agency’s membership. (Website 05)
2.3 African Co-operative Agreement

The African Co-operative Agreement for Research, Development and Training Related to Nuclear Science and Technology (AFRA) is an inter-governmental arrangement established at the initiative of several African countries, including Zambia. AFRA is concluded under auspices of the IAEA which supplies financial support to the participating countries. The members of AFRA aspire to build on achievements attained under national efforts or with IAEA assistance, so that available resources, facilities and expertise can be most effectively shared.

As the use of radioisotopes and radiation technologies has grown in AFRA states over the years, so has the IAEA’s assistance in areas of radiation protection and radioactive waste management. The basic infrastructure for radiation protection and radioactive waste management requires the setting up of a competent national authority, the establishment of a legislative and regulatory framework and the development of operational services for the proper enforcement of radiation safety standards. (Website 02)

2.4 Republic of Zambia

In the Republic of Zambia (Zambia) the Ministry of Health is responsible for the legislation concerning ionising radiation. In 2005 the Ministry formulated the Ionising Radiation Protection Act and the Ionising Radiation Protection Regulations. This Act and Regulations have not yet been enacted (March 2007), but are based on the ICRP recommendations. The IAEA and the Zambian Radiation Protection Board advised the Ministry on the formulation. The following statements are based on the intentions of both these document.

The Ionising Radiation Protection Act is going to replace the Ionising Radiation Act of 1972. It will provide for the protection of public, workers and environment from hazards arising from use of devices or materials capable of producing ionising radiation. Furthermore the Radiation Protection Authority will be established with enactment. This Authority shall replace the current Radiation Protection Board. The functions this Authority will be more elaborated as the current functions of the Board.

Since both the Ionising Radiation Protection Act and Ionising Radiation Protection Regulations have to be enacted, data derived from these documents could be subject to change. Due to the lack of national legislation relevant for the department of Nuclear Medicine of the U.T.H., the department strives to meet international regulations. 

Concerning the Zambian legislation on ionising radiation several issues have been raised in the beginning of this project. Because the Ionising Radiation Protection Act and the Ionising Radiation Protection Regulations are not enacted, the draft versions of those documents are no liable source to tackle the issues stated during this project. Taking into consideration the lack of national legislation and the striving of the department of Nuclear Medicine to meet international regulations, this project has decided to follow the recommendations from two major international organisations, namely the ICRP and IAEA.

3 Lusaka University Teaching Hospital

This chapter has been adapted from McIntyre (2006), Website 04, Website 05 and Website 06.
3.1 Introduction

The Lusaka University Teaching Hospital (U.T.H.) has a teaching and research mandate. Furthermore it is the only national referral hospital in Zambia. As a result of these multiple roles, as well as pressure from a growing population, hospital resources are overstretched. 
With approximately 1,800 beds it provides a full range of primary, secondary, and tertiary health and medical services on both an inpatient and outpatient basis. The hospital supports the mission of the School of Medicine, which focuses primarily on teaching and research, as well as the School of Nursing and other teaching programs in a number of technical areas. Academic medical centres, with their often conflicting missions of education, patient care, and research, have been cited by many authorities as the most complex institutions in existence and perhaps the most difficult to manage effectively.

3.2 Department of Nuclear Medicine

3.2.1 Introduction

At this moment there is only one nuclear medicine department in Zambia. This department is part of the Radiology department of the U.T.H. The relevancy, availability and possibilities of nuclear medicine (NM) as an imaging technique are relatively unknown in medical Zambia. Therefore the frequency of requests for nuclear medicine examinations is low.

3.2.2 Equipment

The NM department has two single head gamma cameras. For these cameras several collimators are available (Low Energy General Purpose, Medium Energy General Purpose and Pinhole). Unfortunately the hard disc and memory of one of these cameras has been stolen. Therefore the NM department currently has only one (1) working gamma camera.

3.2.3 Hot laboratory
The hot laboratory is equipped with a chemical hood and a fume hood dedicated to Iodine-131. The radiopharmaceuticals are prepared in the chemical hood. Of this hood the gas & water supply and the ventilation of the hood are not installed. Placed within the hood is the dose calibrator. The fume hood for Iodine-131 is not being used, since Iodine-131 treatment has not yet started in Zambia. On the workbench the lead castle where the preparations formerly were carried out, is still in place, but not being used. 

The cold kits are placed in the refrigerator in the hot laboratory while radioactive sources are placed in a lead-shielded cabinet which is placed in the hot laboratory as well. 

Waste from the hot laboratory is separated into sharp and solid. No distinction is being made between (non-)radioactive. The NM department has at ones disposal a decay room. This room is dedicated to radioactive waste. However, upon arrival, most used generators are left in the hot laboratory for decay.
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Figure 3
Hot laboratory

Unfortunately the NM department is not well equipped with lead shielding for syringes and vials. In total there are three (3) lead shielding for syringes (2cc, 5cc and 10cc), three (3) shielding for vials and three (3) casings for transport. Only the later are used frequently; the use of the other lead shielding is not clearly explained to the NM department and therefore they are not standard being used .

For measurements the NM department has three (3) survey meters. All three of them work on batteries, but have been out of use for a while. The calibration of them dates back to 2005. After installing new batteries, two (2) survey meters are functioning. 
In the present situation the NM department orders from South Africa one (1) Technetium-99m (Tc-99m) generator per one or two months. The supply for a generator depends on the number of requests for examinations and the financial means of the U.T.H.. About a week in advance patients are called for an appointment. The generator can be used for one and a half week. Every day the Tc-99m elution is extracted from the generator for 3 to 8 patients. After a week only low dose examinations (like thyroid) can be performed due to the decay of the generator. 

Together with the generator the cold kits are delivered. Depending on the expectance for examinations different kits are ordered. Since currently thyroid- and bone scintigraphy are the most frequent examinations, MDP (bone scintigraphy) is generally the only cold kit that is being delivered to the NM department.
3.2.4 Patient flow

About half of the scheduled patients do not come to the appointment. This can be due to long travel distances or because they do not have the financial means for transport to the hospital or even to pay for the examination itself. A number of these patients comes to the department some days later. As a result the NM department does not have a regular patient flow.
3.2.5 Staff

In March 2007 the NM department employs three (3) nuclear medicine technologists and one (1) nuclear physician. The training of the technologists is mainly by practice. All technologists have a Radiology background, but only one (1) has had a training course on nuclear medicine in South Africa.

3.2.6 Development

The NM department strives to expand the number and diversity of examinations. In order to achieve this the facilities and man power has to be expanded as well. In the coming months a dual head gamma camera will be delivered to the NM department. This camera enables the department to carry out SPECT-examinations in the near future.

Together with the IAEA the NM department prepares for the initiation of treatment  of thyroids with Iodine-131 in the near future. When the NM department of the U.T.H. has been fully developed a sister-department will be opened in the Copperbelt.

4 Method and Result
4.1 Literature study

During the entire project different literature has been studied.

The project started with a literature study concerning the legislation on radioactive material. Unfortunately no literature was found on Zambian legislation. Therefore the Dutch legislation was studied to get an idea of the contents of this subject (Website 07). At the end of the time in Zambia a draft version of the Zambian Radiation Protection Act and Ionising Radiation Protection Regulations was obtained. This literature was studied while back in the Netherlands. Since only drafts were available, these data could not be used to answer the research questions on legislation.

A literature study concerning the hot laboratory has been carried out as well. Publications concerning Dutch hot laboratories Furthermore Dutch quality manuals concerning the hot laboratory have been studied (Atrium MC, 2006; Radboud University Hospital, 2006) as well as international publications from the ICRP and IAEA have been studied on relevancy (Website 04; Website 05) . After deliberation with the NM department only the international publications have been studied more into detail. These publications were taken to the U.T.H. and left on the NM department for further study. 

During the attachment to the NM department of the U.T.H. the available data concerning the hot laboratory has been carefully studied and included in the project.

In preparing for the attachment to the Zambian NM department as well publications concerning Zambia as a nation have been read (McIntyre, 2006; Website 02). Publications dealing with the role of nuclear medicine in Africa have been studied to improve the view on the subject (Website 01; Website 03).
4.2 Observation

The first two weeks of the attachment to the NM department of the U.T.H. have been used to observe the present situation in the hot laboratory. All activities concerning radioactive material have been documented in writing and with pictures. During this observation no feedback has been given to the local technologists. The most conspicuous matters are described below.
The generator arrived at the airport on Sunday but was only collected by the NM department on Tuesday afternoon, due to paperwork necessary for approval and finance. For transportation a vehicle without appropriate shielding was used. During the transport from the airport to the NM department (30 minutes), on 30 cm distance of the box, there was measured a total dose of 20 µSv with a peak dose rate of 142 µSv/h. The box was transported from the vehicle to the department within close range (arm length) of the technologist. In hot laboratory there was no operating survey meter available, so no the box was not check for contamination. Hand gloves were worn during the handling, but no clothing dedicated hot laboratory was worn over personal clothing. The generator was not directly placed in the special lead shielding; and when eluted only the activity was measured with a not calibrated dose calibrator. The data were written down in the logbook.

Overall the most important thing we noticed during observing the local technologists is the unnecessary high dose they receive during the overall work in the hot laboratory, especially when handling the radioactivity with almost no shielding. The measurements in the unattended cupboard were unnecessarily high as well. The factors time, distance and shielding are not properly being implemented. Furthermore several minor missteps have been noticed, adding up and thus leading to confusions. The lead shielding present on the NM department is not appropriately used. The use of the vial lead shielding is basically unknown. 
Only for the receiving and elution of the generator a procedure guideline has been written. For none of the other activities concerning working in the hot laboratory procedure guideline have been developed.

Entrance to the hot laboratory is not regulated and everybody visiting can enter the hot laboratory. 

For entering the hot laboratory no clothing procedure is in place. Gloves are worn but not changed between procedures or when leaving the hot laboratory. A protective lab coat dedicated to the hot laboratory is not worn and most of the times the worn lab coat has short sleeves. Jewellery and mobile phones are carried inside the hot laboratory and even used.

When delivering syringes, no lead shielding is put on the syringe. Prepared syringes and vials are only occasionally being labelled. Although lead casing are being used for transporting the syringes, these casing are not cleaned regularly; contamination of these casings is common.

A lot of data is entered in logbooks. However, the relevance of the data, but as well the combination of data in the logbooks should be carefully reviewed. For example, the drawn activity is entered in combination with the injection time. Furthermore the half-life of Technetium-99m is not being considerate when calculating volumes. Calculated and drawn volumes do not match, maybe due to the fact that the technologists have difficulties reading the different scaling on syringes.

The survey meters are not being used. Three (3) survey meters are available on the NM department, of which two (2) still function when batteries are installed. The technologists show little knowledge of the survey meters; the reading and interpretation of the scaling gives serious trouble and how to handle the meter in case of a contamination is unfamiliar. Contamination and waste measurements are not being carried out, at the moment due to not working material.
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Figure 4
Survey meters
4.3 Deliberation

Deliberation has played an important role in this project. All through the different phases the project members have consulted Mrs. Josien Los-Graafland to determine the most effective approach of quality improvement of a hot laboratory in a developing country. 

Furthermore deliberation with the NM department has taken place throughout the whole project. Using email was an effective way of communication between the Netherlands and Zambia. In cooperation with the head of department and the technologists the goal of this project was formulated. 

During the attachment to the NM department deliberation took place with the head of department. During one of the discussions with the head of department it was stated that the NM department wants to meet the international regulations since Zambia does not yet have an adequate legislation concerning ionising radiation. Taken this into account a gap analyses has been carried out. With the results of this analyses and taken the project's goal into account the most urgent matters have been determined in cooperation with the head of department. Safety in handling radioactive material was given priority. 

Although the local technologists were asked for their input as well, little response was given by them. Therefore their opinion has only taken a small part of the process.

4.4 Gap analyses
After the observation on the hot laboratory and the deliberation with the head of department a gap analyses has been carried out. During this process the current situation and the situation described in international regulations, more specifically ICRP Publication 57 and IAEA Safety Reports No. 40 are compared.
Based on the result of this analyses a plan of actions has been formulated for the last four weeks of the attachment to the NM department.

According to international regulations (ICRP, 1990; IAEA, 2005) radioactive material should be appropriately shielded to avoid unnecessary irradiation of technologists. Observations showed that shielding material was available but seldom used during the handling of radioactive material. Therefore technologists receive unnecessary irradiation during the overall work in the hot laboratory.

A label that clearly describes the contents is required to be attached to syringe or shield by international regulations (ICRP, 1990; IAEA, 2005). At the NM department of the U.T.H. labeling is poor and not always executed.

Upon receiving and/or removing radioactive material from a controlled area, the material should be checked to ensure that there is no contamination. (ICRP, 2990; IAEA, 2005). At the NM department the survey meters are not working and therefore not being used. Contamination measurements are not being carried out. 

Radiopharmaceuticals should be prepared in a dedicated area, preferably a fume hood with the correct pressure and air outlet (ICRP, 1990; IAEA, 2005). During the project's visit to Zambia the radiopharmaceuticals were prepared in a chemical hood that did not meet the international standards. The chemical hood in the hot laboratory is not designed for working with radioactive material. 
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Figure 5
Chemical hood
Transportation of radioactive material has to take place in a vehicle with appropriate shielding (ICRP, 1990; IAEA, 2005). For the transport of the Molybdenum-generator the NM department of the U.T.H. uses a vehicle without shielding. 

According to the regulations given by ICRP (1990) and IAEA (2005) hand gloves have to be changed after each handling session with radioactive material. The technologists wear hand gloves but do not change them between different activities inside and outside the hot laboratory.

Clothing dedicated to the hot laboratory should be worn by everybody entering the hot laboratory (ICRP, 1990; IAEA, 2005). Currently there is no clothing procedure for the hot laboratory of the U.T.H.

Procedure guidelines have to be written in order to ensure uniformity in the activities (ICRP, 1990; IAEA, 2005), but only for the receiving and elution of the Molybdenum-generator a procedure guideline has been written.

Entrance to the hot laboratory is reserved for authorized people (ICRP, 1990; IAEA, 2005). when arriving to the department this project found no entrance procedure in place, meaning everybody visiting could enter the hot laboratory. 

Although data has to be recorded according to international regulations (ICRP, 1990), the data that is currently being recorded by the NM department should be carefully reviewed for relevancy. 

In the hot laboratory an aseptic preparation area should be available with laminar airflow (ICRP, 1990). At this moment there is no dedicated aseptic area on the NM department, and preparations of radiopharmaceuticals take place in the chemical hood.

4.5 Documentation

4.5.1 Quality Improvement manual

A manual has been written to stimulate the approach of quality improvement as a project. This manual gives guidelines on how to perform a quality improvement project. It deals with topics as how to start a project, means and tools, data collection, defining conclusions and guidelines on how to write a report.

The quality improvement manual is included in this report under Appendix 3.
4.5.2 Report of recommendations

During the last four weeks of the attachment to the NM department of the U.T.H. a report of recommendations has been written. The recommendations given in this report are a result of the gap analyses and are based on the observations carried out in February 2007 in the hot laboratory. With each recommendation an argumentation is given as well. These argumentations are extracted from ICRP Publication 57 and IAEA Safety Reports Series No. 40. The report deals with eight (8) different topics concerning the activities in the hot laboratory, namely general aspects, working in the hot laboratory, technologists, entrance to the hot laboratory, the fume hood, contamination and waste disposal. The report of recommendations can be found in this report as Appendix 4.
4.5.3 Procedure guideline

To initialize a manual concerning a quality system for the hot laboratory several procedure guidelines have been written. The topics dealt with in these procedure guidelines have been based on the gap analyses and have been determined in cooperation with the head of department. The data available on the NM department of the U.T.H. has been studied and adapted in the procedure guidelines. In total ten (10) procedure guideline have been written (Appendix 5); from six (6) an abstract has been made to be placed on marked locations on the NM department. These abstracts can be found in Appendix 6.
4.5.4 Presentation

For optimising the implementation of a project based approach to quality improvement of the hot laboratory, the written manual was presented to and discussed with two local technologists. This presentation was executed as a discussion and adjustments were made to meet the needs of the department. 

To explain the report of recommendations an official presentation was held at the department. Two technologists and the head of department were present for the presentation (Appendix 7). A week in advance each one of them was given a draft version of the report in order to stimulate the dialog between the NM department and the project members. With a laborious start the discussion began, but after a while the local technologists gave some comments on the report. Those comments were mainly focused on the refusal of the chemical hood. However, the project members were able to take away the doubts by referring to the used international publications (ICRP, 1990; IAEA, 2005). At the end the technologists were satisfied with the recommendations.

During this last presentation the procedure guidelines were discussed, but the technologists admitted that they did not have studied those guidelines yet. Therefore it is not clear if the procedure guideline will be implemented on the NM department.
5 Conclusions and recommendations
5.1 Conclusions

During the preparation for this project it was not rly describes the contents to be attachedg of radioactive material. ation of possible to obtain the Zambia legislation concerning preparation, storage, application and processing of ionising radioactive material. Therefore the project used the regulations given by the ICRP (1990) and IAEA (2005) as a guideline.

Furthermore it was not possible to study the Zambian legislation concerning aseptic preparation of (radio)pharmaceuticals. International and Dutch publication concerning this topic have been read before leaving to Zambia. Unfortunately the required data was also not available on the NM department of the U.T.H.. With the co-operation of the NM department it was decided to strive to meet the international requirements for the hot laboratory given by the ICRP(1990) and IAEA (2005).

Although the goal of the project was broad, during the time in Zambia it became clear that the subject had to be narrowed down. Therefore the project's main focus was on the handling of radioactive material in the hot laboratory. 

While a research questions has been formulated concerning aseptic working in the hot laboratory of the NM department, the hot laboratory in present situation is not designed and equipped to be able to work aseptically. If this project was to answer this question, it should be concluded that the hot laboratory should be closed entirely. Therefore this project dropped this research question and focused on the activities with radioactive material in the hot laboratory.

5.2 Recommendations
To upgrade their capability and promote in-vivo medical investigations using a gamma camera the NM department should expand and renovate. Especially the hot laboratory need attention to meet the international regulations. As long as the Zambian government has not enacted the Ionising Radiation Protection Act with its matching Regulation, formulated in 2005, it is recommended to follow the regulation given by the ICRP and IAEA. Within this empowerment process it is recommended to continue to optimize and record in procedure guidelines the activities concerning the preparation of radiopharmaceuticals. Again, co-operation with the Radiation Protection Authority and international radiation safety organizations, like ICRP and IAEA, is necessary.

To gain professionalism of the technologists on all the mentioned topics it is advisable to offer (extra) training on Nuclear Medicine. Due to the activities of Fontys International in co-operation with Fontys University of Applied Sciences the link between the U.T.H. and Fontys already exists. It is recommended to explore the possibilities for co-operation on the NM department.
Bibliography
Quoted literature

· Atrium Medical Centre - 2006 - Kwaliteitshandboek afdeling Nucleaire Geneeskunde - Heerlen: Atrium M.C.

· ICRP Publication 57 - 1990 - Radiological Protection of the Worker in Medicine and Dentistry - Oxford: The International Commission on Radiological Protection

· McIntyre, Ch. - 2006 - 3rd edition -  Zambia, the Bradt Travel Guide - Connecticut: The Globe Pequot Press Inc

· Radboud University Hospital - 2006 - Kwaliteitshandboek afdeling Nucleaire Geneeskunde - Nijmegen: Radboud University Hospital 

· Website 01 - 2007 - www.cia.gov/cia/publications/factbook/geos/za.html
· Website 02 - 2007 - www.sasnm.com/Afra.htm
· Website 03 - 2005 - www-tc.iaea.org/tcweb/regionalsites/africa/documents/ZAM2005.pdf
· Website 04 - 2007 - www.icrp.org
· Website 05 - 2007 - www.iaea.org
· Website 06 - 2007 - www.idrc.ca/en/ev
· Website 07 - 2007 - www.wetten.nl
· Kernenergiewet (1963)

· Regeling GMP (2006)

Background literature

· Fontys - 2005 - Studentenhandleiding: Afstudeerproject MBRT-duaal  - Eindhoven: Fontys University of Applied Sciences 

· Grit, R. - 2005 – Project management - Groningen: Wolters –Noordhoff

· Kor, R. -1997 - 2e druk, 2e oplage - Werken aan projecten: een handreiking - Deventer: Kluwer

· Ministerie VROM/ SZW - 2002 - Bijlage Richtlijn Radionuclide Laboratoria
· Ministerie VROM/ SZW - ??? - Richtlijn Radionuclide Laboratoria
· Wijnen, G., e.a - 2000 - 14e druk - Projectmatig werken - Utrecht: Het Spectrum

Appendices
Appendix 1.
Research questions
Appendix 2.
Final products
Appendix 3.
Quality Improvement manual
Appendix 4.
Report of recommendations
Appendix 5.
Procedure guidelines
Appendix 6.
Procedure guidelines – abstracts
Appendix 7.
Presentation – Zambia


Appendix 1. Research questions
· How does the Zambian legislation read concerning receiving, preparation, storage, application and processing of ionising radioactive material?

· Which Zambian acts, decrees and/or guidelines apply to the receiving, preparation, storage, application and processing of ionising radioactive material

· Which ministry(s) is in charge of the supervision on the receiving, preparation, storage, application and processing of ionising radioactive material?

· Which requirements have to be met before a permit is granted for the receiving, preparation, storage, application and processing of ionising radioactive material?

· Which regulations are attached to these requirements?

· Which requirements have to be met concerning the receiving, preparation, storage, application and processing of ionising radioactive material?

· Which requirements have to be met concerning the preparation room for the receiving, preparation, storage, application and processing of ionising radioactive material?

· What is the annual dose limit of ionising radiation for technologists of the NM department?

· How does the Zambian legislation read concerning aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· Which Zambian acts, decrees and/or guidelines apply to the aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· Which ministry(s) is in charge of the supervision on the aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· Which requirements have to be met concerning the preparation room for aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· Which requirements have to be met concerning the documentation of all activities for aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· Which requirements have to be met by a qualified preparation technologist?

· Who is responsible in the end for the prepared pharmaceuticals and more specially radiopharmaceuticals?

· Which quality controls have to be carried out concerning aseptic preparation of pharmaceuticals and more specially radiopharmaceuticals?

· How do the derived rules read concerning the activities in the preparation room?

· Which administrative activities should be carried out concerning the receiving, preparation, storage, application and processing of ionising radioactive material?

· How do the general guidelines read concerning aseptic preparation of radiopharmaceuticals?

· How is the entrance procedure that should be followed before entering the preparation room?

· Which quality controls should be carried out before delivering a prepared radiopharmaceutical?

· Under which conditions should the preparation of radiopharmaceuticals take place?

· Which information should be attached to the radiopharmaceutical upon delivery?

· How do the rules read concerning the checking for and dealing with contaminations with radioactive material?

· How is the definition of 'external contamination of a NM technologist'?

· Which procedure should be followed by a NM technologist in case of external contamination?

· How is the definition of 'contamination of a surface'?

· Which procedure should be followed in case of a contamination of a surface?

· Which administrative activities should be carried out in case of a contamination of a surface?

· How is the present situation concerning the above formulated questions?

· How is the annual received dose of the NM technologists monitored?

· What are the consequences to an exceeded annual dose limit?

· Which administrative activities are carried out concerning the receiving, preparation, storage, application and processing of ionising radioactive material?

· Which procedures, protocols, specifications and guidelines are being used for documentation of all activities concerning the preparation of radiopharmaceuticals?

· How is the training to become a qualified preparation technologist?

· Are there any guidelines and/or instructions on aseptic working?

· Is the preparation of radiopharmaceuticals carried out in a certified fume hood?

· Is there an entrance procedure to the preparation room? (clothing, washing of the hands, shoes, authorisation, etc.)

· Which equipment is available for quality control concerning aseptic preparation of (radio) pharmaceuticals)?

· How are the radiopharmaceuticals labelled upon delivery?

· How is the storage of radiopharmaceuticals and rest products arranged?

· Are the used guidelines and instructions unambiguous and clear formulated so that each preparation technologist carries out the preparation activities in the same way?

· Are the used guidelines and instructions unambiguous and clear formulated so that each preparation activity is documented?

· How is the check-up for external contamination of NM technologists?

· Which procedure is carried out in case of an external contamination of a NM technologist?

· How is the check-up for contamination of a surface?

· Which procedure is carried out in case of a contamination of a surface?
· How is a contamination of a surface registered?
Appendix 2. Final products

Product a.
Theoretical account

Motivation
In the theoretical account all phases of the graduation project are describes. Attention is being paid to the theoretical as well as the practical aspects.

Target group

· Supervisor Mrs. Josien Los-Graafland

· Nuclear Medicine department of the Lusaka University Teaching Hospital

· Head of Department Dr. Mukamba

· Technologists of the Nuclear Medicine department

Requirements

· Contents

· Cover

· Front page

· Summary

· Acknowledgement

· ​Contents

· Core part

· Conclusions and recommendation

· Bibliography

· Appendices

· Format

· Size: Max. 30 pages

· Language: English

· Font: Arial size 11 for standard

Product b.
Logbook
Motivation
The logbook contains a report of all activities and the group process. It gives an overview of the decision moments and the co-operation between the project members. As well a time registration is included.

Target group

· Supervisor Mrs. Josien Los-Graafland

Requirements
· Contents

· A broad chronological overview of all activities, agreements and decision moments.

· Eventual problems with their corresponding solutions

· Dilemmas with their corresponding choices

· Co-operation and division of tasks

· Motivation of each project member

· Reflection of the graduation process

· Minutes of conversations with third parties

· Time registration

· Format

· Language: Dutch

· Font: Arial size 11 for standard

Product c.
article

Motivation
In order to promote the results of the graduation project an article for a (Dutch) journal will be written.

Target group

· Specialists

· Other interested.

Requirements

· Contents

· Problem, goal and research questions

· Summary

· Conclusions and recommendations

· Bibliography

· Format:

· conform the journal's requirements

· Language: Dutch or English

· Font: conform the journal's requirements

Product d.
Procedure guidelines for the hot laboratory

Motivation
Based on the proposed quality improvements at least three (3) procedure guidelines for the hot laboratory will be written. Deliberation with the Nuclear Medicine department concerning these procedure guidelines will take place. The procedure guidelines written within this graduation project shall be the initiation of a quality manual for the hot laboratory.

Target group
· Technologists of the Nuclear Medicine department of the Lusaka University Teaching Hospital

· Management of the Nuclear Medicine department of the Lusaka University Teaching Hospital

Requirements
· Layout

· The layout will be determined in co-operation with the local technologist. The procedure guidelines of the Nuclear Medicine department of the Atrium Medical Centre, Heerlen and the Radboud University Hospital, Nijmegen shall act as an example 

· Contents with a fix order

· Unambiguous

· Format

· Size: max. 5 pages per procedure guideline, excluding appendices

· Language: English

· Font: Arial size 11 for standard

· Accepted by the management of the Nuclear Medicine department o the Lusaka University Teaching Hospital

Product e.
Procedure guidelines for the hot laboratory - abstracts

Motivation
Based on the procedure guidelines abstracts will be derived. These abstract shall be placed on marked locations.

Target group
· Technologists of the Nuclear Medicine department o the Lusaka University Teaching Hospital

Requirements
· Layout

· The layout will be determined in co-operation with the local technologist. Abstracts of the procedure guidelines of the Nuclear Medicine department of the Atrium Medical Centre, Heerlen and the Radboud University Hospital, Nijmegen shall act as an example 

· Contents with a fix order

· Unambiguous

· Format

· Size: max 2 A4 pages per abstract

· Language: English

· Font: Arial size 11 for standard

· Accepted by the management of the Nuclear Medicine department o the Lusaka University Teaching Hospital

Product f.
Information session concerning the (new) procedure guidelines

Motivation
In order to improve the implementation of the procedure guidelines an information sessions will be held. During this session goal and practical application will be discussed with the technologists.

Target group

· Technologists of the Nuclear Medicine department o the Lusaka University Teaching Hospital

· Management of the Nuclear Medicine department o the Lusaka University Teaching Hospital

Requirements
· Presentation

· Structure

· Contents

· Execution

· Based on the procedure guidelines

· Handout of the procedure guidelines and the abstracts

· Language: English

· Time: max 45 minutes

Product g.
Quality Improvement manual
Motivation
In order to stimulate the continuation of the quality improvement a manual has been written concerning quality improvement projects. This manual will be tested during the attachment to the Nuclear Medicine department of the Lusaka University Teaching Hospital and will be adjusted by the projects members when necessary.

Target group
· Graduation project members

· Technologists of the Nuclear Medicine department o the Lusaka University Teaching Hospital

· Management of the Nuclear Medicine department o the Lusaka University Teaching Hospital

· Requirements 

· Contents

· Cover

· Front page

· Summary

· Acknowledgement

· Contents

· Core part

· Conclusions and recommendation

· Bibliography

· Appendices

· Format

· Size: Max. 30 pages

· Language: English

· Font: Arial size 11 for standard

Product h.
Information session concerning quality improvement projects 

Motivation
 In order to improve the application of the quality improvement manual an information session will be held. During this session goal and practical application of this manual will be discussed with the technologists.

Target group

· Technologists of the Nuclear Medicine department o the Lusaka University Teaching Hospital

· Management of the Nuclear Medicine department o the Lusaka University Teaching Hospital

· Requirements
· Presentation

· Structure

· Contents

· Execution

· Based on the procedure guidelines

· Handout of the procedure guidelines and the abstracts

· Language: English

· Time: max 45 minutes
Product i.
Report of recommendations concerning hiatus from the gap analyses

Motivation

There are possibilities that a number of matters will surface that are sensitive to quality improvement.  It could be impossible to tackle all these matters. Therefore a report of recommendations will be written for the Nuclear Medicine department in order to initiate quality improvement project on these matters.

Target group

· Graduation project members

· Technologists of the Nuclear Medicine department o the Lusaka University Teaching Hospital

· Management of the Nuclear Medicine department o the Lusaka University Teaching Hospital

Requirements
· Contents

· Cover

· Front page

· Summary

· Acknowledgement

· Contents

· Core part

· Conclusions and recommendation

· Bibliography

· Appendices

· Format

· Size: Max. 30 pages

· Language: English

· Font: Arial size 11 for standard

Appendix 3. Quality Improvement manual

Quality Improvement

A Manual
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Lusaka, February 2007

Project Apollon-2007

Puck Borsboom

Luc Jacobs

Fontys University of Applied Sciences
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Introduction

This manual is written as part of the graduation assignment from the dual course of the MBRT at the Fontys University of Applied Sciences, Eindhoven, the Netherlands. The purpose of this manual is to give guidelines on how to perform a quality improvement project. 

The first chapter deals with two types of quality improvement, the dynamical and systematical approach. The best way to approach systematical quality improvement is project based. Therefore how to carry out a project is described in chapter two. Topics are how to start, means and tools, collecting data and defining conclusions. Everything is gathered and published in the form of a report as described in chapter 3. At the end of this manual the used literature is presented. 

6 Quality improvement

6.1 Introduction

There are two approaches to quality improvement. It could be a dynamical process or systematical. Depending on the involved parties and circumstances either one can be chosen.
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6.2 Dynamical or spontaneous quality improvement

Dynamical or spontaneous quality improvement does not follow a specific method. Improvements are engineered as difficulties occur. This type of quality improvement is mostly an individual process; quality improvement on group level requires deliberation.

6.3 Systematical quality improvement

Systematical quality improvement contains activities which focus on more general quality improvement. This type is phased and is an ongoing process of adjustment and improvement. The goal is a conscious and purposeful quality improvement. Phased decision-making and a broad basis are necessary for the proposed changes. The best way to approach a systematical quality improvement is project based. 

When choosing for a systematical approach several standards can be used. First of all there is the quality cycle. This cycle is divided into the following components:

1. formulation of the criteria or norms: desired situation

2. exploration of the present situation

3. planning of actions to improve the present situation

4. implementation of the actions to improve the present situation

5. evaluation of the result and if necessary start over with these actions

Another standard which can be used is the circle of Deming. This cycle is a simplified version of the previous mentioned quality cycle. The circle of Deming is divided into four steps (Figure 2). 
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Figure 2
Circle of Deming

7 Project

7.1 Characteristics of a project

A project is the whole of actions and their results concerning a specific practical problem defined within a time pad. This means:

· an irregular activity

· has an unique character

· is carried out by a specific group which is responsible for the result

· limited means

· within a specific time

· aimed at resolving a practical problem

· aimed at achieving products for resolving the practical problem

· performed for one contractor

7.2 How to start?

7.2.1 Orientation phase

In this phase the project group is being formed and the subject is described.

7.2.2 Initiation phase

During this phase the problem is described and questions are being derived. It is important to start immediately at the beginning of the project with keeping up a logbook, where agreements, choices, and problems are being recorded.

7.2.3 Definition phase

During this phase the end products are defined. This could be a report. Next to that the criteria which the products have to meet are described. This is also the phase where the requirements are being formulated.

7.2.4 Design phase

All the preparations take place during this phase. A detailed design of the end product, such as a table of contents, is made. Furthermore the division of task within the project group is made. The group itself is responsible for the internal communication as well as to involved third parties.

7.2.5 Realization phase

The realization of the project takes place during this phase. This involves collection of data, literature study, carrying out measurements, etc. As well the processing of all the data into the formulated end products, described in the design phase is part of this phase.

7.2.6 After care phase.

This phase involves an eventual presentation of the projects end results.

7.2.7 Project evaluation phase

During this phase the project as a whole and the collaboration of the project members are being evaluated. Are the goals being met? How was the communication between the group members? Did there any problems arise and how are these handled? Etc.

7.3 Means and tools

Decision making is an essential part of a quality improvement project. Since it is not always an easy process, several tools have been developed.

7.3.1 Flowchart

In this kind of schedule decision and actions are visualized. It is an analysis of decisions which lead to a specific result. A flowchart can be used to visualize possible alternatives, as well as the decisions that don’t come to mind at once. Of each decision as much results as possible are thought of. These decisions can be tested with existing or self formulated criteria.
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Figure 3
Example of flowchart

7.3.2 Ishikawa diagram / Fish bone diagram

With the help of this kind of diagram a relation between a quality problem and the cause of this problem can be found. The quality problem can be seen as a result of one or more influencing factors. This Ishikawa diagram is a tool to visualize these factors and can be used after a brainstorm session to order the outcome.

The building up of this type of diagram is explained using an example. The data mentioned are not the results of a research carried out on the department of Nuclear Medicine of the U.T.H.

One starts with drawing a line with at the end of this line the quality problem (Figure ). For example, the low patients flow at the Nuclear Medicine Department of the U.T.H. 
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Figure 4
Ishikawa diagram: step 1
The next step (Figure 5) is to define the different categories that possibly cause the quality problem. These categories are added to the diagram as bones of a fish. 
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Figure 5
Ishikawa diagram: step 2

The next step is to look for causes per category on a more detailed level (Figure ). It is possible to even detail things further per fish bone and to narrow it down per item.

[image: image73.jpg]A atrium

J J J medisch centrum parkstad parkstad




Figure 6
Ishikawa diagram: step 3

The idea behind the Ishikawa diagram is that one is able to find concrete items to work on for solving the problem. Therefore it is sometimes necessary to find the cause that is most frequent. The Pareto-analyses can be used for this.

7.3.3 Pareto-analyses

In practice a problem can have more causes, but often only one or few have the most influence. This is called the Pareto-effect, meaning 80% of the effects come from 20% of the causes. By making a frequency chart the influence of each cause is visualized. 

For example:

	Causes per year
	Frequency (in %)
	Cumulative (in %)

	No generator
	50
	50

	Patients not arrived
	25
	75

	Camera not working
	15
	90

	Staff not available
	5
	95

	No syringes
	4
	99

	Staff sick at home
	1
	100
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Figure 7
Pareto-analysis

The Pareto-diagram shows in one overview which cause is the most prominent to the quality problem. Tackling this cause contributes the most to decrease the quality problem.

7.3.4 Rumba-criteria

The explicit quality criteria for the project have to be formulated carefully. Using the RUMBA-formula can be helpful for this:

· Relevant: are the criteria relevant for the subject and goal

· Understandable: are the criteria understandable for all participants

· Measurable: are the criteria measurable

· Behavioural: are the criteria described in actions

· Attainable: Are the criteria attainable under the given circumstances.

Explicit criteria cannot be too vague or too unrealistic. It is important to include in the formulation of the criteria measurable actions.

7.4 Collecting data

7.4.1 Introduction

After formulating the criteria (see previous chapter) the collection of data starts. The following eight questions can be used for planning the collection of the data:

1. What do you want to know?
The answer to this question is derived from the goal and formulated criteria.


2. Where can the information be found or who can provide the wanted information?
Several sources can be used for collecting the data: document, files, persons (clients, colleagues etc.)


3. Which data are already available?
Retrospective data analyses mean that data is already available, and is being used.
Prospective data analyses mean data is not yet available and is collected from this point on.


4. How can the data being collected (tools)?
There are several means how to collect information. These are discussed in paragraph 2.4.3


5. How long are the data being collected?
In order to prevent collecting data for too long or too short, a time span should be agreed. When the frequency is low, this time span should be longer in comparison to a high frequency.


6. Is the data collection randomly or including all possibilities?
Depending on the frequency and homogeneity of the studied subject a random approach of data collection can be considered.


7. How is the chance of mistakes being reduced?
The data collection is reliable when it is not influenced by any extern factors. Repetition of the data collection should provide the same kind of information to be called reliable.


8. Who has to be involved for collecting, analyzing and processing the data?
Before data collection can start one has to take into consideration whether or not a third party has to be involved. If this is so, this third party has to be informed.

There are three kinds of approaches to data collection:

Measuring to measure → pure scientific approach 

Measuring to know → applied scientific approach

Measuring to change → evaluation approach

7.4.2 Inventory / comparison

Before acting the present situation has to be inventoried. Furthermore the preferred situation has to be defined. The next step is to carry out a gap analyses. This means a comparison between the present and the preferred situation. Only these so called gaps have to be tackled in the project.

7.4.3 Tools for collecting data

Observation

A second person observes the actions and makes a report. 

Advantages:

· good tool for complex situations

Disadvantages:

· time consuming

· objectivity

· threatening to the person being observed

Interview

A questioning takes place concerning a specific subject.

Advantages:

· good tool for questioning patients or colleagues from another department

Disadvantages:

· time consuming

· threatening to the person being interviewed

Checklist

The formulated criteria are being presented into a checklist.

Advantages:

· time sparing

· non-threatening

Disadvantages:

· not applicable in complex situations

Question form

It is important that the question form is structured into categories and provide a realistic view. A question form can include open and multiple choice questions. Multiple choice questions can be interpreted easily, but don’t give any additional information. Open question can provide more information, but are more difficult in to interpret and summarize.

Tips for formulation a question form:

· Use appropriate language concerning the persons being questioned. For example, don’t ask children questions the same way as adults.

· Questions are not threatening or shocking to the persons being questioned.

· Questions have to be objective.

· There is only one way to interpret the questions.

· The order of the questions has to be logic: first general questions, before specifying. When there is an abrupt change, this has to be introduced.

· The length of the question form has to be considered.

7.5 Defining plan of action

Based on the gap analyses an action plan can be installed. This plan has to contain the following aspects:

· Nature of the action

· Date of implementation of the action

· Phase within the process: make a time pad

· Eventually: which third party has to be involved

· Date of evaluation of the action

7.6 Defining conclusions

7.6.1 Introduction

After acting conclusions can be made. Some questions can be used as guideline to be able to define conclusions, for example:

· What the most important things that are noticed?

· How are things handled?

· Are agreements being implemented?

When making conclusions one has to be aware of the possibility that:

· things are not handled as agreed

· the questions used for collecting data are not formulated correctly/clearly

· the criteria are not formulated correctly

When the score is low on one of those three items, it can be difficult to give proper conclusions to the defined goal.

7.6.2 Interpretation of conclusions

When interpreting conclusions there are some key points:

· What are the possible causes of the previous mentioned low scores?

· Is there a relation between the score and the criteria?

It is important not only to pay attention to the score on one of the three items, but as well take into consideration the importance of the criteria!

8 Report

8.1 Introduction

Most projects will be accompanied by one or more reports. In this report a description of all the phases of the project is given. Together with the criteria and collected data the conclusions and eventual recommendations are being described. A report also helps with the communication to interested third parties.
8.2 Contents of a report

The contents of a report are described within the next paragraphs.

8.2.1 Front-page

On the front page title, place and date and the authors are mentioned.

8.2.2 Summary

In the summary the report is summarized concerning subject, results, conclusions and recommendations. It is not allowed to enter new information in the summary.

8.2.3 Table of contents

This table contains all chapters, paragraphs and page numbering. 

8.2.4 Introduction

The introduction states the frame in which the project has been carried out. Furthermore the problem and the derived questions are being described. A global content of each chapter is given as well. 

8.2.5 Core part

These chapters and paragraphs describe the course which is being followed to reach the results coming from the problem. An answer to the derived questions has to be given in this part as well.

8.2.6 Conclusion

An answer to the projects problem is given based on the information derived for the literature study, carried out measurements and other actions undertaken to collect data. If necessary, recommendations are given as well. It could occur that new questions has aroused during the process.

8.2.7 Literature

All used literature sources are mentioned in this list, including author, title of the book, year of publishing, edition number (if mentioned) and publisher. All used internet sites are being mentioned in this list as well.
8.2.8 Appendix

Complementary information that consume a lot of space, like tables and graphs, can be recorded using appendices

Literature

· Fontys University of Applied Sciences - Module Kwaliteitszorg MBRT Duaal
(2005) 


· Fontys University of Applied Sciences – Module Projectmatig Werken MBRT Duaal
(2005) 


· Fontys University of Applied Sciences – Presentatie: Kwaliteitszorg 2
(2005) 

· Fontys University of Applied Sciences – Presentatie: Kwaliteitzorg
(2005) 

· Grit, R.  – Project management
(2005, 3e editie) Wolters Noordhoff
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9 Introduction

This report has been written as part of the Apollon-2007 project that has been carried out on the department on Nuclear Medicine of the University Teaching Hospital (U.T.H.). The Apollon-2007 project covers the graduation assignment for the study Medical Imaging and Radiotherapeutic Techniques of Fontys University of Applied Sciences. The recommendations written in this report are based on observations carried out in February 2007 in the hot laboratory of the department of Nuclear medicine. The argumentations are extracted from the reports available to Apollon-2007. The first one is ICRP Publication 57 Radiological Protection of the Worker in Medicine and Dentistry, referred to as ICRP. Furthermore, IAEA Safety Reports Series no. 40 Applying Radiation Safety Standards in Nuclear Medicine has been used and is referred to as IAEA. References to either of the publications are given in footnotes; the number between brackets ( ) refer to the corresponding paragraph numbers of the publications.

This report contains 9 chapters, each concerning a different topic of the activities on the hot laboratory. The first chapter deals with some general aspects of the hot laboratory. Chapter 2 focuses on safety regarding working on the hot laboratory. The third chapter gives some argumentations and recommendations concerning the technologist working in the hot laboratory. Chapter four involves the entrance to the hot laboratory. The fifth chapter deals with the fume hood, present in the hot laboratory of the U.T.H.  Recommendations concerning contamination are dealt with in chapter six. In the seventh chapter argumentation and recommendations are given on waste disposal. The final chapter concludes all the recommendations in a summary style. At the end of this report there is a literature list and some appendices.

10 General

10.1 Argumentation

During the project Apollon-2007, carried out in February - March 2007, the activities on the hot laboratory of the Nuclear Medicine department of the U.T.H. have been observed and discussed with Dr. Mukamba. It became clear that many of these aspects are not yet up to international standards, given by the ICRP and/or IAEA. Dr. Mukamba stated that the department of Nuclear Medicine of the U.T.H. should meet these international standards. Therefore the given recommendations are adapted from the ICRP and/or IAEA.

After deliberation with de Nuclear Medicine department of the U.T.H. the Apollon-project focused on the handling, storage, use and disposal of radionuclides on the Nuclear Medicine department of the U.T.H.. Although some aspects are dealt with in this report, the subject is not completely covered. 

As part of the Apollon-project  procedure guidelines have been written. These guidelines are the beginning of a manual concerning a quality system for the hot laboratory. The format has been accepted by the department and a template has been created for these procedure guidelines, which is available on the department.

The foundation of Apollon-2007 is a project based approach generally used by the industry and several education systems throughout the world.

10.2 Recommendation

It is highly recommended to study international publications from e.g. ICRP, IAEA, WHO and World Federation of Nuclear Medicine and Biology for guidelines on all aspects of the hot laboratory. Apollon-2007 used ICRP Publication 57 Radiological Protection of the Worker in Medicine and Dentistry and IAEA Safety Reports Series No. 40 Applying Radiation Safety Standards in Nuclear Medicine. A copy of both these publications is available on the Nuclear Medicine department.

Also it is recommended to study ‘The Ionizing Radiation Protection Act, 2005’ as soon as it is implemented by the government of Zambia. The draft is available at the Radiation Protection Board.

In this report several procedure guidelines are mentioned and added as appendices. A copy of these guidelines is also available on the Nuclear Medicine department. The ICRP Publication 57 and IAEA Safety Report Series no. 40, as well as procedure guidelines of the department of Nuclear Medicine of the UTH and two hospitals in the Netherlands are used as sources. It is recommended to authorize and implement the written guidelines as soon as possible. Furthermore, the project has no intention of being complete, so further procedure guidelines have to be developed. International publications, like the ones being used in Apollon-2007 can be helpful.

The continuation of the quality improvement on the hot laboratory could be carried out in the same project based method as Apollon-2007. A manual has been written and could act as a guideline. A copy of ‘Quality Improvement – a manual.’ Is available on the Nuclear Medicine department. 

11 Safety

11.1 Argumentation

The main risk of working in the hot laboratory of the Nuclear Medicine department is exposure to radiation. External exposure of the worker refers to sources of radiation outside the body, like gamma rays emitted by radionuclides. Internal exposure of the worker may arise when radionuclides enter the body by ingestion, inhalation, through wounds or by direct absorption through intact skin 
.

The aims of radiation protection are:

· to prevent nonstochastic effects

· to limit the probability of stochastic effects to levels deemed to be acceptable

· to ensure that practices involving radiation exposure of persons are justified by ensuring that the benefits overweigh the detriment 
.

Dose-equivalent limits for individual organs and tissues have been set to prevent nonstochastic effects. To limit the probability of stochastic effects all justifiable exposure has to be kept as low as reasonably achievable (ALARA) and within the set limits for the effective dose-equivalent 
.

Under normal circumstances a technologist working at the Nuclear Medicine department is categorized in working condition B 
. According to ICRP Publication 57 individual monitoring is not required. However, individual monitoring is simple to implement, provides a continuous check and is easy to adopt. By carrying out individual monitoring radiation standards and individual practices can be confirmed to be satisfactory 
.

In case a female technologist is diagnosed as being pregnant arrangements have to be made to ensure that the technologist is not exposed to irregularities in dose rates and the dose to the foetus should be kept as low as reasonable achievable 
.

Radiation incidents are unplanned events during which potential or actual exposure of staff is likely to be more than normal for the operation. Such events may occur from improper handling, mislaying of sources, incorrect administration of large activities of radionuclides, and from fire and explosion. It is important that such radiation incidents and accidents are recognized quickly and that the necessary emergency procedures are instituted promptly 
.

In case of fire, the hazard associated with radioactive material is relatively small. The first concern is for the safety of patients and staff 
. Fire-fighting teams should be informed on the nature and level of any hazard.

The most effective protection measures are those applied at or near the source. The shielding of the primary source is therefore of major importance. Further protective measures include limiting the time spent by workers in the vicinity of radioactive sources 
.

Adequate education and practical training in radiological protection should be provided for all Nuclear Medicine staff. This training should include a broad knowledge of radiation biology, dosimetry and radiation physics 
.

11.2 Recommendation

In order to monitor the annual dose-equivalent it is recommended to have a personal dosimeter available for all staff of the Nuclear Medicine department working with radioactivity.

An emergency plan has to be developed. This plan should delineate lines of responsibility, required training, written procedures and periodic rehearsal. Simple instructions on how to act in case of an emergency are to be posted in each room where radionuclides are handled 
.

There should be liaison with the local/internal fire fighting services in order to advise them in advance of the nature of radiation hazards. In deliberation with the fire fighting service the adequate fire fighting equipment should be discussed and brought into place 
.

The lead shielding for syringe and vial should be used. The department has three (3) lead containers with lead glass for vials, three (3) lead shielding for syringes (2cc, 5cc and 10 cc) and three (3) lead carriers. It is recommended to extend the number of syringe shielding so every syringe can be handled with a shielding. Since the department aims at an average of 5 patents per day, 5 shielding for every size is recommended. Furthermore it is recommended to extend the number of lead carriers as well to 5. Depending on the number of different exams that will be carried out on the department in the near future, extra lead containers for vials have to be purchased.

The knowledge of radiation protection concerning Nuclear Medicine is low. A training program has to be developed and implemented. If there are no means to achieve this locally, contact can be made with Fontys University of Applied Sciences to work on cooperation between the U.T.H. and Fontys.

Based on the current situation a procedure guideline concerning safety in the hot laboratory has been written by Apollon-2007. It is recommended to authorize and implement this guideline ‘Safety (QS01-001)’ as soon as possible. 

12 Technologist

12.1 Argumentation

Protective clothing should be used when handling radioactivity. The clothing serves both to protect the technologist and to help to prevent the transfer of contamination to other areas. The clothing should be monitored and removed before leaving the hot laboratory. Protective clothing should include laboratory coats, waterproof gloves, overshoes or shoes dedicated to the hot laboratory, and caps for aseptic work 
.

After handling radionuclides, gloves should be monitored before other work inside the hot laboratory is undertaken. When the gloves are contaminated they have to be changed  carefully to avoid contamination, and placed in the radioactive waste container. Before putting on a new pair of gloves, the hands have to be monitored; in case of contamination the decontamination protocol has to be carried out.

Before leaving the hot laboratory the gloves have to be monitored and the hands have to be washed and monitored. The gloves have to be deposited in the appropriate waste bin. If hands are contaminated the protocol for decontamination has to be carried out. A mild liquid soap should be used 
. The liquidity prevents the soap getting contaminated.

12.2 Recommendation

For the work in the hot laboratory it is recommended to wear lab coats with long sleeves, preferably with elastic wristbands, and shoes dedicated to the hot laboratory. An area in the hot laboratory has to be created where this protective clothing can be safely put on and off. This area has to be kept free from any radioactive sources to prevent contamination of the clothing.

Since all the handling of radionuclides has to be done wearing gloves, a sufficient amount of gloves has to be present in the hot laboratory. At least two (2) boxes of gloves have to be present in the hot laboratory; one (1) in use, the other is stored.

To be able to monitor the hands for contamination at least one (1) working and calibrated contamination monitor has to be present on the hot laboratory. It is also recommended to have one (1) spare set of batteries available in the hot laboratory.

A procedure guideline for decontamination of the skin is written (‘Decontamination of the skin (QS03-001)’. It is recommended to have this authorized and implemented as soon as possible. 

For carrying out the decontamination protocol mild liquid soap has to be used. At least two (2) flacon liquid soap with dispenser has to be in the hot laboratory. One (1) is in use, the other is stored.

13 Access to the hot laboratory

13.1 Argumentation

The hot laboratory should have locks fitted to the entrance, in order to prevent access by unauthorized persons. Occupancy of this room by authorized personnel (staff of Nuclear Medicine department) should be limited to the time required for source preparation and manipulation. Other than making of appropriate entries in record log books, all other administrative work should be performed outside this room 
.

Before entering, visitors have to have authorization from the Nuclear Medicine staff. When visitors entering for the first time they have to be accompanied by a member of the Nuclear Medicine staff. Visitors have to follow the safety and hygiene regulation of the hot laboratory. Entrance has to be registered in record log books. 

Protective clothing should be worn by the visitor. This includes laboratory coats, waterproof gloves, overshoes and caps when aseptic work is carried out  
. The clothing should be monitored and removed before leaving the hot laboratory. When there is a contamination the visitor has to follow instructions from the technologist.

13.2 Recommendation

The doors to the hot laboratory should be kept closed all the time to prevent unauthorized persons entering. When no staff of the Nuclear Medicine department is present the doors to the hot laboratory have to be closed and locked.

Since all visitors have to register before entering the hot laboratory a hard cover notebook should be available. This ‘Visitors logbook’ should be kept in the office. The data entered in the logbook should include date and time of visit, visitors name, reason for visiting, name of the technologist accompanying the visitor and result of the contamination monitoring.

Protective clothes as mentioned above have to be available for visitors on the department of Nuclear Medicine.

A procedure guideline has been written to regulate the entrance to the hot laboratory. This guideline (‘Entrance to the hot laboratory (QS01-002)’) should be authorized and implemented as soon as possible.

14 Fume hood

14.1 Argumentation

A fume hood should have impervious surfaces that can be easily cleaned 
, designed to carry the weight of shielding and have to be free from cracks. Benches and cabins where activity is handled should be equipped with shielding 
 to protect not only workers standing close by but also workers in other parts of the room and surrounding areas. For certain preparation procedures operating under negative pressure is necessary  
. 

Shielding close to the source of radioactivity is preferred, and appropriate shielding should be considered for any radioactive source. This includes vials that have been prepared with radiopharmaceuticals. To reduce exposure a lead castle should be build into the fume hood 
.

14.2 Recommendation

The fume hood currently present on the hot laboratory is a chemical hood, not designed to work with radionuclides. 

The cabin ventilation is not being used and the exhaust is directly in the room. In order to be able to make use of the ventilation system of the fume hood, the exhaust has to be connected to a charcoal filter and discharged outside as described in ICRP 57 (6.1.2 General Principles, 251).

Due to the heavy weight of the ionization chamber standing inside the hood, the bottom plate of the fume hood is broken. The bottom plate is not water level anymore and the watertight seal is broken so radioactive fluids might leak under the cabin. 

The fume hood has to be repaired and strengthened with a built-in bottom lead shield to protect the worker 
.

Under the given circumstances the fume hood should not be used until it is properly repaired by experts. In the mean time the lead castle should be used. A small lead castle should be built in the castle to shield the vials in use.

15 Contamination

15.1 Argumentation

A radionuclide activity meter and equipment for workplace and contamination monitor should be available and working. Their calibration should be maintained by a regular quality control program. The manufacturer’s operating manual should be available in a language understood by the technologists 
. 

Measurements of contamination of surfaces of the body should be averaged over the most appropriate area, but should not exceed 100 cm2. For floors, walls and ceilings, the measurements should be averaged over an area up to 1000 cm2. Any area that is contaminated has to be decontaminated to the level specified by the ICRP 
 
. 

Contaminated skin should be washed with a mild, liquid soap if contamination is suspected, on completing work with unsealed radioactive substances and on leaving the hot laboratory. The protocol for decontamination has to be carried out in case of contamination of the skin 
.

Technologist should be trained in methods of washing contamination from the mouth and eyes 
. 

Contaminated clothes should be removed as soon as practicable, taking care not to spread contamination 
. The clothes have to be put into a plastic bag that carries a label. This label mentions the name of the person the clothes belong to, date of the contamination, type of radionuclide, and measured contamination in counts per minute (cpm). The plastic bag should be stored behind a lead castle in the hot laboratory until the contamination has decayed (measurement < 2*background).

A routine monitoring survey for contamination of all areas where radioactive substances are being handled should be carried out at regular intervals. These areas include the hot laboratory, acquisition rooms, waiting room for patients and the patient toilet. A record should be kept of this survey in order to maintain an overview of the eventually contamination and to keep all staff of the Nuclear Medicine department informed 
.

15.2 Recommendation

In order to be able to monitor for contamination, at least one (1) working and calibrated contamination monitor has to be present on the hot laboratory. It is also recommended to have one (1) spare set of batteries available.

Special equipment for decontamination of eyes and mouth should be available on the hot laboratory and the technologist should receive proper instruction on how to use this.

For the storage of contaminated clothes plastic bags have to be present in the hot laboratory. These bags should be stored in the laboratory in order to prevent any spread of contamination outside the hot laboratory.

For the decontamination of the skin a procedure guideline has been written. This guideline (‘Decontamination of the skin (QS03-001)’) should be authorized and implemented as soon as possible.

The procedure for decontamination of surfaces has been describes in the procedure guideline ‘Decontamination of surfaces (QS03-002)’ which should be authorized and implemented as soon as possible.

A procedure guideline has been written for carrying out routine monitoring survey of all areas where radioactive sources are handled. This guideline (‘Survey (QS03-003)’) should be authorized and implemented as soon as possible.

16 Waste

16.1 Argumentation

All waste should be removed from the working area without unnecessary delay, monitored for contamination and discharged in appropriate waste bins. All solid radioactive waste, including unbroken glassware, gloves and swabs, should be placed in a shielded waste bin. Contaminated syringes, needles and broken glassware have to be placed in a shielded waste bin reserved for sharp objects. All non radioactive waste can be deposited like normal waste. 

Each waste bin has to be impervious to leakage and of adequate strength to contain the weight of its contents without risk of leaking or bursting 
. 

Before being transferred to the decay room, all bags and containers have to be securely sealed and labelled. The label should clearly indicate whether the container is for radioactive waste of short or long half-life, activity at a given date and time and expire date and time should be added as appropriate. Records of the waste should be kept 
.

16.2 Recommendation

Concerning waste disposal a procedure guideline has been written. It is recommended to have this guideline (‘Radioactive waste (QS05-001)’) authorized and implemented as soon as possible.

It is necessary to have at least one (1) working and calibrated contamination monitor in the hot laboratory with one (1) spare set of batteries available.

In order to keep records of the waste disposal a hard cover notebook should be available in the hot laboratory. In this ’Radioactive waste logbook’ the data mentioned in the procedure guideline (‘Radioactive waste (QS05-001)’) should be entered.

17 Conclusion

17.1 Introduction

In this chapter all recommendation made in this report are summarized and formulated as actions.

17.2 General

· Study international publications from e.g.:

· International Commission on Radiological Protection

· International Atomic Energy Agency

· World Health Organization

· World Federation of Nuclear Medicine and Biology

· Study ‘The Ionizing Radiation Protection Act, 2005’ as soon as it is implemented by the government of Zambia.

· Authorize and implement the following procedure guidelines as soon as possible:

· QS01-001_safety

· QS01-002_entrance to the hot laboratory

· QS02-001_receiving of radiopharmaceuticals and kits

· QS02-002_elution of the Molybdenum-generator

· QS02-003_Tc-99m calculator

· QS03-001_decontamination of the skin

· QS03-002_decontamination of surfaces

· QS03-003_survey

· QS04-001_quality control of radiopharmaceuticals – introduction

· QS05-001_radioactive waste

· Develop further procedure guideline dealing with the different aspects of the hot laboratory.

17.3 Safety

· Have a personal dosimeter available for all staff of the Nuclear Medicine department working with radioactivity in order to monitor their annual dose-equivalent.

· Develop an emergency plan delineating lines of responsibility, required training, written procedures and periodic rehearsal.

· Post simple instructions on how to act in case of an emergency in each room where radioactive material is handled.

· Deliberate with the local/internal fire fighting service.

· Purchase adequate fire fighting equipment.

· Use the present lead shielding for syringe and vial.

· Extend the number of lead shielding for syringes to 5 for each size (2cc, 5cc and 10cc).

· Extend the number of lead carriers to 5.

· Depending on the number of different exams that will be carried out on the department in the near future, extra lead containers for vials have to be purchased.

· Install an education or training program on radiation protection concerning Nuclear Medicine. If there are no means to achieve this locally, contact can be made with Fontys University of Applied Sciences to work on cooperation between the U.T.H. and Fontys.

· Authorize and implement the mentioned procedure guideline as soon as possible.

17.4 Technologist

· Wear lab coats with long sleeves, preferably with elastic wristbands, and shoes dedicated to the hot laboratory when working in the hot laboratory.

· Create an area within the hot laboratory where the protective clothing can be safely put on and off. 

· Keep this area free from any radioactive sources to prevent contamination of the clothing.

· Have a sufficient amount of gloves present in the hot laboratory, because all handling of radionuclides has to be done wearing gloves. 

· Have at least two (2) boxes in the hot laboratory. One (1) is in use, the other is stored.

· Have at least one (1) working and calibrated contamination monitor present on the hot laboratory to be able to monitor the hands for contamination.

· Have one (1) spare set of batteries available for the contamination monitor.

· Authorize and implement the procedure guideline for decontamination of the skin as soon as possible.

· Have at least two (2) flacons liquid soap with dispenser for carrying out the decontamination protocol. One (1) is in use, the other is stored. 

17.5 Access to the hot laboratory

· Keep the doors to the hot laboratory closed all the time to prevent unauthorized persons entering.

· Have the doors to the hot laboratory closed and locked when no staff of the Nuclear Medicine department is present.

· Install a hard cover notebook in the office for keeping record of visitors to the hot laboratory.

· Have protective clothes available for visitors on the department of Nuclear Medicine.

17.6 Fume hood

· Don’t use the fume hood under the given circumstances.

· Until the fume hood is properly repaired by experts use the lead castle. Build in a small lead castle to shield the vials in use.

· Repair and strengthen the fume hood with a built-in bottom lead shield to protect the worker.

· Connect the exhaust of the fume hood to a charcoal filter and discharge the exhaust as described in ICRP 57 (6.1.2 General Principles, 251).

17.7 Contamination

· Have at least one (1) working and calibrated contamination monitor present on the hot laboratory in order to be able to monitor for contamination.

· Have one (1) spare set of batteries available.

· Purchase special equipment for decontamination of eyes and mouth and instruct the technologists properly.

· Have plastic bags present in the hot laboratory for the storage of contaminated clothes.

· Authorize and implement the procedure guideline that has been written for carrying out routine monitoring survey of all areas where radioactive sources are handled as soon as possible.

17.8 Waste

· Authorize and implement the procedure guideline concerning waste disposal as soon as possible.

· Have at least one (1) working and calibrated contamination monitor in the hot laboratory.

· Have one (1) spare set of batteries available.

· Have a hard cover notebook installed in the hot laboratory in order to keep records of the waste disposal.
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1. Goal

In this procedure guideline standard operating procedures for safe working in the hot laboratory are described

2. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

3. Definitions

· average background = 50 count per minute (cpm)

4. Procedure

General

The management as well as the individual employee is responsible for the safety in the hot laboratory. Risks and hazards cannot always be prevented, but the chance on occurring can be kept as small as possible by education, experience and common sense. The following procedures are meant to guard the safety in the hot laboratory

Presence

In principle there is a technologist available to carry out the work in the hot laboratory between 08:00 and 16:00. When activities in the hot laboratory take place outside these hours, the head of department should be informed.

Clothing and personal belongings

A. During visit or working in the hot laboratory protective clothing must be worn. This includes a laboratory coat, overshoes or shoes dedicated to the hot laboratory, caps for aseptic working. The laboratory coat must have long sleeves and sleeves of personal clothing may not be visible.


B. During visit or working in the hot laboratory disposable gloves must be worn. To prevent the spread of contamination gloves should be monitored for contamination after each activity with radionuclides. In case of contamination the gloves have to be removed carefully and the hands have to be monitored. In case of contamination of the hands, the procedure guideline for decontamination of skin has to be carried out.


C. Personal belongings, including study material, are left outside the hot laboratory as much as possible. When personal belongings are brought into the hot laboratory these have to be monitored for contamination before leaving the laboratory.


D. During visit or working in the hot laboratory no jewellery may be worn in order to prevent contamination.


Personal hygiene

A. Eating, drinking, smoking and applying cosmetics are forbidden in the hot laboratory.


B. Handkerchiefs should never be used in the hot laboratory; instead tissues should be in adequate supply.


C. Cuts or breaks in the skin should be covered before entering the hot laboratory.


D. Don’t touch face, skin or unprotected clothes with hand or gloves as they might be contaminated. Always check for contamination first and carry out the procedure guideline ‘Decontamination of the skin (QS03-001)’ when contaminated.


E. Hands should be washed thoroughly before leaving the hot laboratory. Always monitor hands on possible contamination before leaving the hot laboratory. In case of any contamination, follow the procedure guideline ‘Decontamination of the skin (QS03-001).
Inform the head of department in case of a personal contamination

Visitors

A. Visitors receive explicit oral explanation concerning the safety precautions and handling radioactive material. This explanation is given to the visitor by a member of the Nuclear Medicine staff.


B. Authorization to enter the hot laboratory must be given by a member of the Nuclear Medicine staff and before entering the hot laboratory visitors have to enter details in the ‘Visitors logbook’.


C. Visitors must be accompanied by a member of the Nuclear Medicine staff and must obey their instructions on radiation safety.


D. Always check first to see if the reason for visit and handling radioactive material can be separated in time.

Safety precautions

A. Before carrying out an activity with radioactive material the technologist has to be convinced all safety regulations are into place. If a visitor is in the hot laboratory while radioactive materials are handled, the technologist is responsible that the visitor keeps a safe distance to the radioactive source and instructions are being followed.


B. A personal dosimeter must be worn in the approved manner at all times.


C. Students and trainees must work under the supervision of a qualified member staff.


D. New technologist should have read and understood the procedure guidelines in the Quality System Manual. New technologist should receive training for handling radioactive material. Furthermore they should practice the activities using water for injection to get a feeling on shielded syringes and vials. 


E. Make sure there is enough working space. Clean up first if necessary. 


F. Always clean the hot laboratory after finishing the handling of radioactivity. Check the lead castle, work benches and eventually the equipment for contamination and clean them properly with water and soap.


G. Report any risks, calamities or problems in writing to the head of the department.


H. Deposit all waste according to the procedure guideline ‘Radioactive waste (QS05-001)’.

Specific safety precautions for working with radioactive material

A. Prepare the hot laboratory and preparation area in advance. Think all the actions through and make sure every thing is available before handling the radioactive material.


B. Keep the amount of radioactivity in the hot laboratory limited


C. Limit the time of exposure to radiation


D. Enlarge the distance to the radioactive source. 


E. Tongs or forceps must be used to handle radioactive sources whenever practicable to maximize the distance to the technologist’s hands.


F. Use the appropriate shielding in relation to the radiation. Syringe shields should be used whenever practicable. Arrangements should be made to minimize the number of time the syringe shields are removed.


G. Always prepare the radiopharmaceutical in the allocated area.


H. Drip trays must be used when handling liquid sources. Place a disposable absorbent material on the work area while handling radioactive material.

Monitoring for contamination

A. The department should have a working and calibrated contamination monitor suitable for the radioisotopes used.


B. The contamination monitor must be tested and calibrated on an annual basis and function checks carried out at frequent intervals.


C. Change contaminated gloves immediately and dispose them in the appropriate waste bin.


D. Personal monitoring of hands and clothing must be carried out before leaving the hot laboratory.


E. A survey must be carried out at the end of each working session.


F. Mark every contamination immediately after the contamination has been detected. Appropriate action must be taken to reduce contamination that exceeds a measurement of twice the background (average background = 50 cpm). The standard operation procedures are described in ‘Decontamination of surfaces (QS03-002)’.


G. Store a contaminated object in the lead castle. Label the object, mentioning: date and time, radionuclide, measured activity in counts per minute (cpm).


H. In addition, a full contamination survey of all areas where radioactivity is handled must be carried at the end of every day and the results have to be recorded in the ‘survey logbook’, even if negative. Standard operating procedures are written in the procedure guideline ‘Survey (QS02-002)’.
Domestic and maintenance staff

A. Domestic and maintenance staff may not enter while radioactive material is being handled.


B. They may not handle radioactive material, radioactive waste or contaminated objects.


C. The technologist of the Medicine department must ensure that the area has been monitored for contamination and that radioactive sources have been removed or shielded as far as practicable. All sources must be labelled.


D. If the hot laboratory or acquisition room is not safe to enter for domestic or maintenance staff, the staff of the Nuclear Medicine department will make this clear on the outside of the room using the appropriate warning signs.


E. Before carrying out the cleaning activities domestic staff has to review the ‘survey logbook’ to see if any area is or has been contaminated the previous day. In case of a contaminated area, the cleaning procedure has to be postponed until the area is declared safe by a technologist.


F. Cleaning material will be left in the hot laboratory in a plastic bag. A technologist has to monitor the bag for contamination before releasing the cleaning material. If the cleaning material is contaminated (measurement > 2* background), the bag is stored behind a lead castle until the contamination has decayed.


G. Maintenance staff is only allowed in the hot laboratory after a member of the Nuclear Medicine department has given his/her authority. The maintenance staff is not allowed to enter the hot laboratory unaccompanied by a staff of the department.


H. Domestic staff is not allowed to clean the workbenches in the hot laboratory (e.g. lead castle interior, generator area)

5. Responsibilities

All persons entering the hot laboratory are responsible to follow the safety regulations as mentioned in this procedure guideline

6. Accompanying documents

· Appendices
-

· Literature
· ICRP Publication no. 57

· IAEA Safety Report Series no. 40

· Local Rules for Nuclear Medicine at the University Teaching hospital

· History
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7. Goal

The goal of this procedure guideline is to regulate the entrance to the hot laboratory.

8. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

9. Definitions

· -

10. Procedure

General

The entrance to the hot laboratory is strictly allowed to:

· Technologist of the Nuclear Medicine department

· Physicians detached to the Nuclear Medicine department

· Domestic staff which have received instructions

· Maintenance attached to the Nuclear Medicine department

The mentioned members of the staff of the Nuclear Medicine department are allowed to enter the hot laboratory during working hours (08:00 – 16:00). The remaining of the day the doors to the hot laboratory are locked. 

No other persons have access to the hot laboratory.

Visitors

Visitors are not allowed into the hot laboratory until they have authorization from a technologist from the Nuclear Medicine department. They must receive explicit oral explanation concerning the safety precautions as mentioned in procedure guideline ‘Safety (QS01-001)’. Visitors are not allowed in the hot laboratory while radioactive materials are being handled, except as required for the observations relevant to the purpose of the visit. Before entering the hot laboratory visitors have to enter details in the ‘visitor logbook’. A member of the Nuclear Medicine staff must accompany visitors which have to obey the technologist instructions on radiation safety.

Trainees and work experience students
Trainees and work experience students are not allowed into the hot laboratory until they have authorization from a technologist from the Nuclear Medicine department. They must receive explicit oral explanation concerning the safety precautions and handling radioactive material as mentioned in procedure guideline ‘Safety (QS01-001)’. Before entering the hot laboratory they have to enter details in the ‘visitor logbook’. A member of the Nuclear Medicine staff must accompany trainees and work experience students which have to obey the instructions on radiation safety given to them by the technologist..

Personal hygiene

In the hot laboratory a strict procedures concerning clothing and personal hygiene has to be followed. This procedure is  given in the procedure guideline ‘Safety (QS01-001)’.

The following items are never allowed in the hot laboratory: overcoat, umbrella, bags, books, administration supplies except for recording the necessary data in the logbooks.

All persons entering the hot laboratory have to obey the procedure concerning clothing and personal hyghiene.
11. Responsibilities

All members of the staff of the Nuclear Medicine department and visitors to the hot laboratory are responsible to obey the procedures concerning the entrance to the hot laboratory. Otherwise access to the hot laboratory can and will be denied.

12. Accompanying documents

· Appendices
-

· Literature

· ICRP Publication no. 57

· IAEA Safety Report Series no. 40

· Local Rules for Nuclear Medicine at the University Teaching hospital

· History
02-March-2007
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1. Goal

The goal of this procedure guideline is to describe the standard operating procedure while receiving radiopharmaceuticals and kits. 

2. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

3. Definitions

(
-

4. Procedure

General

A technologist receives the radioactive material and kits that are derived directly from the supplier by the department of Nuclear Medicine. 

The radioactive material is placed in a lead shielding packed in a box. 

Receiving radioactive material

A. Check each box on the following items:

· Accurate address.

· Damages: box clean and intact?

· Leakage: visible?

· Information about nuclide and activity. Do not open a box with an unknown nuclide!

· Use a radiation monitor to determine if there is any contamination on the surface of the box. 

B. Next, open the box and check the following items:

· Presence of delivery details.

· Undamaged and readable labels on the shielding.

· Is the information in the delivery details consistent with the information on the labels? The following data have to match: name radiopharmaceutical, nuclide and activity.

· Check the expiration date of the kits.

C. Place the radiopharmaceutical in the allocated storage location.
Exception:

· Install the generator immediately in the generator shield.

· Place the kits in the allocated storage location.


D. Enter delivery details in procurement book. Enter the following information:

· Date of receiving.

· Received activity in MBq.

· Calibration date and time.

· Expiration date and time.

· Batch or lot number.


E. Clear the box:

· Remove all radioactive signal labels.

· Remove the box from the hot laboratory.

5. Responsibilities

The technologist is responsible for the monitoring, correct administration and storage of the received radiopharmaceuticals and kits. 
6. Accompanying documents

· Appendices
-

· Literature
· IAEA Safety Reports Series no. 40

· ICRP Publication 57

· Procedure guideline Nuclear Medicine department University Teaching Hospital, Lusaka, Zambia

· Procedure guideline Nuclear Medicine department Atrium Medical Centre, Heerlen, the Netherlands

· History
02-March-2007
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1. Goal

The goal of this procedure is to describe the standard operating procedure for the elution of the Molybdenum-generator. 

2. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

3. Definitions

(
-

4. Procedure

General

A technologist carries out the elution under very clean circumstances and in accordance to the procedure guideline ‘Safety (QS01-001)’.

Elution

F. Clean the eluvial shield before use.


G. Press the white plug firmly into the filter.


H. Remove the centre of the seal of an eluvial, swab the septum and place the eluvial into the eluvial holder. Close the eluvial holder. 


I. Remove the needle cap from the eluate needle and discard. Invert the eluvial holder and press firmly on to the needle


J. When the vial reaches 12 ml. remove the plug from the filter.
Usually the result of elution is more than 85% in the first few ml. Therefore, to obtain a higher concentration the white plug can be removed before 12 ml. has been reached.


K. Remove the eluvial holder and immediately press a swabbed sterivial firmly but carefully onto the needle.


L. Close the lid of the container to maintain aseptic conditions.


M. Close the lid of the generator shield to shield for radiation.


N. Measure the Tc-99m radioactivity of the generator eluate. Use a forceps to place the eluvial in the ionization chamber. Record the following information in the ‘Procurement book’:

· Date and time of elution

· Volume eluted

· Measured Tc-99m radioactivity in MBq.

· Specific radioactivity in MBq/ml

· Expiration time

· Signature of the technologist who performed the elution

O. Perform the quality controls as mentioned in standard operating procedure ‘Quality Control of Radiopharmaceuticals (QS04-001)’. 

5. Responsibilities and authorizations

The technologist is responsible for carrying out the elution. 

6. Accompanying documents

· Appendices
-


· Literature
· Operation instructions PELTEK-F


· History
02-March-2007
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13. Goal

This document gives instructions on how to use the Tc-99m calculator, installed on Gateway 2000.

14. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

15. Definitions

· Gateway 2000: computer in the hot laboratory

16. Procedure

General

When turning on the computer Tc-99m calculator will start automatically. When calculated, write the values in the ‘Procurement book’. 

How to get started

A. Turning on the computer will start the Tc-99m calculator automatically


B. If the program is closed, chose either option:

	· Click the START-button
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	· Go up and click
	

	· The program will start
	

	
	

	OR
	

	
	

	· Click the icon of the desktop
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How to use

· Figure  shows the view which pops up when the program is started.


C. Fill in the blanks in the blue fields.

· Instructions

Block A: General

· Time elution: time of elution

· MBq elution: measured radioactivity at time of elution in MBq.

· ml elution: volume of elute in mls.

· Spec. Act Elution: calculated specific activity at the time of elution in MBq/ml

Block B: Thyroid

· Time draw: time of drawing the syringe for a thyroid scan

· Time injection: estimated time of injection

· MBq at injection: wanted radioactivity at the time of injection in MBq. fixed at 200 MBq.

· ml to draw: calculated volume to draw in mls.

· MBq. to draw: calculated radioactivity corresponding with the calculated volume, given in MBq.

· Acquisition time: time when the acquisition has to start.

Block C: Bone

· Time draw: time of drawing the syringe for a bone scan

· Time injection: estimated time of injection

· MBq at injection: wanted radioactivity at the time of injection in MBq. fixed at 800 MBq.

· ml to draw: calculated volume to draw in mls.

· MBq. to draw: calculated radioactivity corresponding with the calculated volume, given in MBq.

· Acquisition time: time when the acquisition has to start. Time is depending on type of scan (three phase or whole body). For both cases the time to start the acquisition is given.
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5. Responsibilities and authorizations
The technolagist is responsible for an accurate entering of the required data

6. Accompanying documents
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Figure 1
17. Responsibilities

The technologist is responsible for an accurate entering of the required data.

18. Accompanying documents

· Appendices
-

· Literature
-

· History
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19. Goal

The goal of this guideline procedure is to describe the standard operating procedure when skin is contaminated with a radioactive nuclide. 

20. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

21. Definitions

· -

22. Procedure

General

In case of contamination with a radionuclide ‘Decontamination of the worker’ has to be carried out. However, the measures described in that section might not be adequate to deal with severe skin contamination and the following more detailed procedures may need to be considered to deal with contamination arising from the use of radionuclides in medicine. Namely ‘Decontamination of intact skin’ and ‘Contaminated wounds and burns’. If contamination cannot be dealt with by the measures described in these procedures, the worker should be referred for specialist treatment.
Decontamination procedures should preferably be carried out near the entrance to a controlled area or in an area set aside for this purpose. All washings should be treated as radioactive liquid waste and disposed of appropriately.

Anyone assisting in decontamination procedures should wear impervious disposable gloves and other appropriate items of protective clothing (e.g. apron, cap, mask, foot cover).

Decontamination of the worker 

Contaminated skin should be washed with mild soap and water, particular attention being paid to cleaning under the fingernails. If this fails to reduce contamination to an acceptable level, washing with an appropriate decontamination solution is recommended.


If the skin is accidentally broken, or a wound is sustained and this is also contaminated then the injury should be irrigated immediately. If it is suspected that the wound is still contaminated then the measures described in ‘Contaminated wounds and burs should’ be taken.


Workers should be trained in appropriate methods of washing contamination from the mouth and eyes. Training should also be given in methods of administering blocking and ion exchange materials, in accordance with standing instructions from medical adviser; this is of particular importance in locations where delays may arise in obtaining medical assistance. In the event of extensive contamination of the surface of the body, external decontamination should be completed as soon as possible in order to permit any subsequent assessment of internal contamination.

Decontamination of intact skin

Monitor body surfaces and clothing carefully to identify areas of contamination. Remove clothing carefully to avoid spreading contamination. Note any wounds or abrasions and cover these immediately with an adhesive waterproof covering, give these priority treatment as described below. 


First remove contamination from around body orifices, particularly the nose and mouth. Start decontamination procedures from the periphery of the contaminated area and work gently towards the centre. Avoid allowing contamination to spread to uncontaminated areas of the body.


Commence treatment with mild soap and water. Do not rub too hard. Use a soft nailbrush for fingernails; after use thoroughly wash nailbrush and check for contamination. If brush is significantly contaminated, dispose it as radioactive waste. If soap and water fails, use a weak solution of detergent. A stronger detergent solution may be used as a shampoo for contaminated hair.


In the event of extensive body contamination, it may be necessary to shower. This should be delayed until after any areas of heavy contamination have been dealt with, and the shower should not lead to significant contamination of unaffected parts of the body.

For persistent contamination carefully use a saturated solution of potassium permanganate, but ensure that no undissolved crystals of potassium permanganate come in contact with skin. Do not use this substance near the eyes or on hair. Leave the permanganate solution for a few minutes only, until the skin is deeply coloured, then wash off and allow drying. Subsequently threat the pigmented areas with a 10% solution of sodium metabisulphite to remove coloration. If contamination still persists, the occupational health physician should be informed. This procedure may be repeated, but pay particular attention at all times to the condition of the skin. Stop immediately if redness or tenderness develops. The area may then be covered with lanolin and the treatment repeated the following day.

An alternative method of dealing with fixed contamination is to cover the affected area with adhesive plaster and leave for one or two days. The contamination may be removed when the plaster is removed. However, if all else fails, and the level of, or nature of, contamination justifies further attempts at removals, use abrasive powders with extreme care.

Contaminated wounds and burns

Treat contaminated wounds and abrasions urgently and make as accurate an assessment as possible of the type and quantity of radionuclide in order to decide whether surgical intervention is required. Irrigate the wound with sterile water or sterile saline. Encourage free bleeding to about 1 minute. Subsequently use bioassay and more sophisticated monitoring techniques to establish more accurately the extent of the radionuclide intake. 

Abrasions and chemical burns on skin surfaces may be more susceptible to the entry of radionuclides into the body. Treat these with extreme care; surface-acting anaesthetic agents may be needed to relieve pain during decontamination procedures.

23. Responsibilities

The head of department is responsible for the training concerning decontamination of the technologist as described. The technologist is responsible for taken the adequate actions in case of a contamination.

24. Accompanying documents

· Appendices


· Literature

· ICRP Publication 57 (299-302)
· ICRP Publication 57 Appendix A (A1-A12)

· History
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25. Goal

In this procedure guideline the standard operating procedure concerning contamination of surface is described.

26. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

27. Definitions

· Average background = 50 counts per minute (cpm)
28. Procedure

General

While carrying out the decontamination procedure for surfaces the following actions always have to be followed.

D. Warn colleagues to prevent accidental spread of the contamination.

E. Gather everything for the decontamination procedure: tissues, decontamination fluid, gloves, plastic bags for collecting the tissues when not in the hot laboratory.


F. Wear protective clothing as described in procedure guideline ’Safety (QS01-001)’.


G. Localize the contaminated area with a calibrated contamination monitor.


H. Mark the borders of the contaminated area.


I. Avoid spreading of the contamination to uncontaminated areas. Cover uncontaminated or already decontaminated areas with impermeable plastic foil to prevent their contamination.


J. Start decontamination procedure from the periphery of the contaminated area.


K. In one stroke work gently towards the centre of the contaminated area. 


L. Use the tissue only for one stroke!


M. Measure the used tissue and deposit it in the radioactive waste bin. Use a new tissue for the next stroke. In case of contamination outside the hot laboratory, depose the used tissue in a plastic bag, which has to be deposited in the SOLID radioactive waste bin after the decontamination procedure.


N. The decontamination procedure can be stopped when no contamination larger than 2* background is absorbed by the tissue.


O. Cover the contaminated area with plastic foil to prevent spreading of the contamination. Record on the foil date of contamination, radionuclide and measured counts per minute (cpm) and sign with initials.


P. Place a warning sign outside the room, and record in the ‘survey logbook’ when the contamination effects the whole room.


Q. Inform the head of department.


R. Check the material used for decontamination for any contamination and deposit them according to the procedure guideline ‘Radioactive waste (QS05-001)’.


S. Check the protective clothing. In case of contamination, store it according to the procedure guideline ‘Safety(QS01-001)’ section ‘Monitoring for contamination’.


T. Make sure the contamination monitor does not get contaminated. This means do not place the monitor on the surface but gently move the monitor just above the surface.

Contamination as a result of some drops on floor or workbench

U. When the drops are still visible, let the tissues absorb the drop and dispose them carefully in the SOLID radioactive waste bin

V. Moisten the tissues with an appropriate decontamination fluid.


W. Deposit the tissue in the waste bin or plastic bag and repeat the procedure when necessary.


Contamination of material and equipment

X. Check material and equipment for contamination.

Y. If the material or equipment is contaminated try to decontaminate it according to the procedure described in the section ‘Contamination as a result of some drops on floor or workbench’.

Z. If the material of equipment cannot be decontaminated store it in the lead castle, provided with a label mentioning date of contamination, radionuclide, measured counts per minute (cpm) and initial of the technologist.


Broken glassware or solid substances (powder) on the floor or workbench.

AA. Act slowly near the glassware or powder

AB. Deposit glass carefully using forceps and deposit it in the SHARP radioactive waste bin.


AC. Moisture a tissue with decontamination fluid.


AD. Absorb the powder with this moisturized tissue and deposit them in the SOLID radioactive waste bin.


29. Responsibilities

The technologist is responsible for carrying out the procedure guideline ‘Decontamination of surfaces’.

30. Accompanying documents

· Appendices
-

· Literature

· ICRP Publication 57
· IAEA Safety Report Series no. 40
· Procedure guideline Nuclear Medicine department Atrium Medical Centre, Heerlen, the Netherlands.
· History
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31. Goal

The goal of this procedure guideline is to give a standard operating procedure concerning a weekly contamination survey that has to be carried out weekly.

32. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

33. Definitions

34. Procedure

General

At the end of every day a contamination survey has to be carried out in all rooms where there is a chance on contamination. This means the following rooms have to be monitored:

· Hot laboratory

· Acquisition rooms

· Waiting area

· Patient toilet

In every room specific location have to be monitored for contamination. The results, even if negative have to be recorded in the ‘survey logbook’. The background is measured and recorded as well as the initials of the technologist carrying out the survey.  In case of a contamination the procedure guideline ‘Decontamination of surfaces (QS03-002)’ has to be carried out. A warning sign has to be placed outside the room when the contamination affects the whole room. The data recorded in this book are mentioned in 0 - 0.

Hot laboratory
The areas that have to be monitored are the following:

Location A. Workbench inside the lead castle

Location B. Floor in front of the lead castle

Location C. Workbench in the generator area

Location D. Floor in front of the generator

Location E. Non-radioactive waste bin

Location F. Door handle

Acquisition rooms
Within the acquisitions rooms the following areas have to be monitored:

Location A. Workbench

Location B. Floor in front of workbench

Location C. Chair where radiopharmaceutical is administered

Location D. Floor in front of this chair

Location E. Acquisition table

Location F. Floor around acquisition table

Location G. Waste bin

Location H. Door handle

Waiting area

The waiting area where patients are gathering who have not yet been injected with the radiopharmaceutical does not have to be monitored. Only the isolated waiting area should be surveyed for contamination. The location in that area are:

In the isolated are:

Location A. Benches

Location B. Floor in front of the benches

Location C. Waste bins

Patient toilet
Since a part of the radiopharmaceutical leaves the body through the urine there is a chance the patient toilet is contaminated. Therefore the technologist have to monitor this toilet as well on a weekly base. The following locations have to be surveyed:

Location A. Toilet

Location B. Floor around the toilet

Location C. Sink

Location D. Waste bin

Location E. Door handle

35. Responsibilities

The technologist working in the hot laboratory is responsible for carrying out the contamination survey at the end of the day. This has to be done before leaving the department.

36. Accompanying documents

· Appendices

Appendix A
Hot laboratory

Appendix B
Acquisition rooms

Appendix C
Waiting area

Appendix D
Patient toilet

· Literature

· ICRP Publication no. 57

· IAEA Safety Report Series no. 40

· Local Rules for Nuclear Medicine at the University Teaching hospital

· History
02-March-2007
Formulation version 1.0.

Appendix A
Hot laboratory
	Date
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Location A. Workbench inside the lead castle

Location B. Floor in front of the lead castle

Location C. Workbench in the generator area

Location D. Floor in front of the generator

Location E. Non-radioactive waste bin

Location F. Door handle

Appendix B
Acquisition rooms

	Date
	A
	B
	C
	D
	E
	F
	G
	H
	Background
	Initials

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Location A. Workbench

Location B. Floor in front of workbench

Location C. Chair where radiopharmaceutical is administered

Location D. Floor in front of this chair

Location E. Acquisition table

Location F. Floor around acquisition table

Location G. Waste bin

Location H. Door handle

Appendix C
Waiting area

	Date
	A
	B
	C
	Background
	Initials

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Location A. Benches

Location B. Floor in front of the benches

Location C. Waste bins

Appendix D
Patient toilet

	Date
	A
	B
	C
	D
	E
	Background
	Initials

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Location A. Toilet

Location B. Floor around the toilet

Location C. Sink

Location D. Waste bin

Location E. Door handle
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1. Goal

The goal of this procedure guideline is to describe the different procedures concerning quality controls of radiopharmaceuticals.

2. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

3. Definitions

· -

4. Procedure

General

The radiation absorbed dose to a patient is a function of the type and amount of radionuclide administered together with the biological behaviour of the radiolabelled compound or radiopharmaceutical and the physical aspects of the organs and tissues in the body. Therefore, the chemical and radiochemical suitability of radiopharmaceuticals have a critical impact. Radiopharmaceuticals must comply with both radiation and pharmaceutical standards in order to ensure their safe and efficacious use. The in vivo behaviour of the radiopharmaceutical is dependent upon its quality, which demands high standards of radionuclide, radiochemical and chemical purity or particle sizing of suspensions. Injections must satisfy additional standards for sterility, apyrogenicity and freedom from foreign particulate matter.

Whenever possible, radiopharmaceuticals are to be manufactured according to good manufacturing practice, as applicable, and must comply with relevant international standards for:

· Radionuclidic purity
· Radiochemical purity
· Chemical purity
· Chemical and radiochemical purity: Standards and procedures
· Pharmaceutical aspects
· Documentation


Radionuclide purity

Radionuclide purity is defined as the percentage of the radioactivity of the required radionuclide to the total radioactivity of the source. Standards for radionuclide purity are included in various national and international pharmacopoeias. The primary reasons for seeking radionuclide purity in a radiopharmaceutical are to avoid unnecessary radiation dose to the patient, to avoid degradation of image quality and to limit errors in measurements in vivo. It is therefore extremely important to strictly control the levels of radionuclide impurities in radiopharmaceuticals.

It should be noted that measured radionuclide purity will not be constant, but will depend on the half-lives of the radionuclides involved. Contaminants with longer half-lives than that of the specified radionuclide are potentially more hazardous because they will progressively reduce the radionuclide purity and may significantly affect the radiation dose to the patient. They may also affect detection and imaging processing.

The responsibility must remain with the manufacturer to examine its products in detail, and especially to examine preparations of short lived radionuclides for long lived impurities after a suitable period of decay. However, in accordance with good practice, users will perform their own impurity analyses whenever feasible.

When a parent–daughter generator system is used, a check must be made on each eluate to ensure that, at the time of patient administration, any breakthrough of the parent into the eluate is below the limit specified in the appropriate pharmacopoeia. 

Radiochemical purity

Radiochemical purity is defined as the percentage of the radionuclide present in the desired chemical form. Standards for radiochemical purity are included in various national and international pharmacopoeias. Radiochemical impurities are detected using a two step process. First, radiochemical species are separated based on differences in chemical characteristics (e.g. using chromatography), then the radioactivity associated with each chemical species is assayed using an appropriate radiation measuring device.

It should be noted that radiochemical purity may not be constant, but may change owing to radiolytic decomposition, oxidation–reduction reactions, interactions with contaminants or stopper/container components, or other factors.

The responsibility must remain with the manufacturer to examine its products in detail and especially to examine preparations of radiopharmaceuticals for chemical stability over time to ensure that appropriate radiochemical purity is maintained throughout the stated shelf life. However, in accordance with good practice, users will perform their own impurity analyses whenever feasible.

Chemical purity

Chemical purity refers to the proportion of the preparation that is in the specified chemical form, regardless of the presence of radioactivity; it can be determined using normal methods of analysis. Standards for chemical purity are included in various national and international pharmacopoeias.

In general, chemical impurities in preparations of radiopharmaceuticals are objectionable only if they are toxic, cause undesired interactions (e.g. precipitation) or modify the physiological processes that are under study.

It should be noted that chemical purity may not be constant, but may change owing to oxidation–reduction reactions, interactions with contaminants or stopper/container components, or other factors.

The responsibility must remain with the manufacturer to examine its products in detail and especially to examine the chemical purity of preparations. However, in accordance with good practice, users will perform their own impurity analyses whenever feasible.

Chemical and radiochemical purity: Standards and procedures

Working in accordance with standard setting bodies, practice guidelines and regulatory agencies, qualified personnel must establish and document criteria for determining the chemical and radiochemical purity of radiopharmaceuticals prepared for clinical use prior to their administration to patients and based on documented or anticipated biological activity.

Nuclear medicine facilities must develop, implement and document standard written procedures for determining the chemical and radiochemical purity of radiopharmaceuticals prepared for clinical use prior to their administration to patients. These procedures are used to establish the chemical form and purity, radiochemical form and purity, amount of the radionuclide in the desired radiochemical form, characterization of major radiochemical impurities and pH of a radiopharmaceutical. In many cases, these purity tests will be defined in accompanying packaging information. If such tests are indicated, then the laboratory must follow the procedures, making certain to document that they are to be followed. Failure to maintain the required radiochemical quality may result in poor tissue specificity, with subsequent decreased image quality, and avoidable irradiation of non-target tissues or organs.

Chemical and radiochemical purity testing must be completed on each batch or on a statistically significant and relevant sample of each production lot. The results of end product and/or in-process testing must be documented. These results must be evaluated for conformance with established criteria for acceptance of radiopharmaceuticals prepared for clinical use. Acceptance or rejection of a batch must be documented, especially when the product is intended for administration to humans.

Owing to the short physical half-life of radiopharmaceuticals used in nuclear medicine, procedures are carried out using extemporaneous radiopharmaceutical preparations. Typically, an aliquot of a short lived radionuclide such as 99mTc sodium pertechnetate is combined with a reagent kit to produce the finished radiopharmaceutical for clinical use. This extemporaneous radiolabelling requires that radiochemical analysis be performed on each preparation before any dosages are administered to patients.

Pharmaceutical aspects

Because not every individual dosage of short lived radiopharmaceuticals, including Tc-99m pharmaceutical preparations, can be tested for all pharmaceutical parameters (e.g. sterility) prior to administration, emphasis must be placed on quality control of the process and procedures. Thus all operating procedures must be documented and strictly observed, and accurate records must be kept. The production environment needs to be routinely monitored for microbiological, particulate and radioactive contamination. All equipment used in the radiopharmacy must undergo routine planned preventive maintenance, and all instruments must be calibrated regularly.

Documentation

Documentation for a radiopharmacy ideally will cover pharmaceutical, physical and safety aspects. It must include records of starting materials, stocks of radioactivity, the production process and the distribution of products, and the disposal of radioactive waste. Records of environmental particulate monitoring, radiation monitoring, workstation performance and the calibration of radiation monitors and staff radiation doses are also necessary.

5. Responsibilities

The technologist is responsible for carrying out the necessary quality controls concerning radiopharmaceuticals.
6. Accompanying documents

· Appendices
-

· Literature
· IAEA Technical Reports Series no. 454 


· History
02-March-2007
Formulation version 1.0.
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37. Goal

The goal of this procedure guideline is to describe the standard operating procedure for handling radioactive waste. 

38. Area of interest

Department of Nuclear Medicine U.T.H., hot laboratory

39. Definitions

· Average background radiation: 50 counts per minute (cpm)

40. Procedure

General

Only a technologist of the Nuclear Medicine department is allowed to handle radioactive waste.

Radioactive waste procedure

A. Under the fume hood there are two lead bins, both have to contain a leak free plastic waste container. 

· The SHARP labelled bin is reserved for sharp radioactive waste possible contaminated with Tc99m like needles and broken glassware.

· The SOLID labelled bin is used for solid non-sharp radioactive waste possible contaminated with Tc99m like gloves, swaps and paper.


B. When installing a new waste bin write down the following data in ‘radioactive waste book’ (0) and on the label (Label 1& Label 2) for the container and for the bin:

· assign an unique number

· date of installation 

· type of waste: sharp / solid 

· half-life of waste: short or long

· initials of technologist installing

Put the labels on the plastic waste container and on the corresponding lead bin. Install the plastic waste container in the corresponding lead bin.


C. When a plastic waste container is full or the last activity for this week is handled the containers have to be transferred to the decay room. Before transporting, check the container on possible leaking, seal it watertight and measured it with a calibrated contamination monitor from the top to the bottom. Extract the corresponding label from the lead bin and attach to the sealed waste container. 

The following data is written down in the ‘Radioactive Waste book’ and on the sealed and labelled plastic waste container.

· date of transfer to decay room

· the highest measured value in cpm

· estimated end date of decay (Chart 1)

· initials of technologist discharging the waste to the decay room

Check if the estimated end date of decay of previous waste containers has been reached. If this is reached proceed with the waste disposal-procedure described in E. 


D. Transport the sealed and labelled waste container in a leakage free transport box to the decay room and place them in a lead shielded decay box. Place the waste container with readable label visible in the decay box.


E. If the estimated end date of decay is reached measure the container with a calibrated contamination monitor from the top to the bottom. When readings are less then twice the background radiation (the average background radiation is 50 cpm) remove the label and discharge the container to the normal waste according to hospital regulations. Otherwise keep the container inside the decay box. 

F. If the waste is discharged, write down in the ‘Radioactive Waste book’:

· date of removal

· initials of technologist discharging the waste


G. Install a new waste container as described in B.

Generator (Peltek-F)
A. When the generator is not being used any more, discharge it as soon as possible to the decay room for further decay. Before transporting, check the generator on possible leaking, and measured it with a calibrated contamination monitor from the top to the bottom. Check the label and record the following data in the ‘Radioactive Waste book’:

· calibration date

· reference activity

· expire date

· batch or lot number

· date of transfer to decay room

· the highest measured value in cpm

· estimated end date of decay

· signature of technologist discharging the waste to the decay room


B. Record the date of transport to the decay room in the ‘Procurement book’.


C. Transport the generator in a leakage free transport box to the decay room.


D. Place the generator with readable label visible in the decay room.

41. Responsibilities

The technologist is responsible for the monitoring, correct administration and storage of the received radiopharmaceuticals and kits.

42. Accompanying documents

· Appendices

Appendix A.
Contents of radioactive waste book
Appendix B.
Label for SOLID radioactive waste container
Appendix C.
Label for SHARP radioactive waste container
Appendix D.
Chart with decay of Technetium 99m


· Literature

· IAEA Safety Reports Series no. 40

· ICRP Publication 57

· Procedure guideline Nuclear Medicine department University Teaching Hospital, Lusaka, Zambia

· Procedure guideline Nuclear Medicine department Atrium Medical Centre, Heerlen, the Netherlands
· History
02-March-2007
Formulation version 1.0.

Appendix A
Contents of radioactive waste book
· unique number

· date of installation 

· type of waste: sharp / solid 

· half-life of waste: short or long

· initials of technologist installing

· date of transfer to decay room

· highest measured value in cpm

· estimated end date of decay

· initials of technologist discharging the waste to the decay room

· date of removal

· initials of technologist discharging the waste

Appendix B
Label for SOLID radioactive waste container

	SOLID
	
	SOLID

	radioactive waste
	
	radioactive waste

	[image: image11.png]
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	Container number:
	
	Container number:

	__________
	
	__________

	Date of installation:
	
	Date of installation:

	__________
	
	__________

	Contaminated with:
	
	Contaminated with:

	Short / Long life
	
	Short / Long life

	Initials technologist:
	
	Initials technologist:

	__________
	
	__________

	Activity:
	
	Activity:

	_______  cpm
	
	_______  cpm

	Date start decay:
	
	Date start decay:

	__________
	
	__________

	End date decay:
	
	End date decay:

	__________
	
	__________

	Initials technologist:
	
	Initials technologist:

	__________
	
	__________


Label 1
Radioactive SOLID waste

Appendix C
Label for SHARP radioactive waste container

	SHARP
	
	SHARP

	radioactive waste
	
	radioactive waste
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	Container number:
	
	Container number:

	__________
	
	__________

	Date of installation:
	
	Date of installation:

	__________
	
	__________

	Contaminated with:
	
	Contaminated with:

	Short / Long life
	
	Short / Long life

	Initials technologist:
	
	Initials technologist:

	__________
	
	__________

	Activity:
	
	Activity:

	_______  cpm
	
	_______  cpm

	Date start decay:
	
	Date start decay:

	__________
	
	__________

	End date decay:
	
	End date decay:

	__________
	
	__________

	Initials technologist:
	
	Initials technologist:

	__________
	
	__________


Label 2
Radioactive SHARP waste

Appendix D
Chart with decay of Technetium 99m
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Chart 1
Decay of Technetium 99m

Appendix 6. Procedure guidelines – abstracts

· Decontamination of surfaces

· Decontamination of the skin

· Elution of the Molybdenum-generator

· General rules

· Radioactive waste

· Receiving of radioactive material and kits

General

	Warn colleagues to prevent accidental spread of the contamination.
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	Gather everything for the decontamination procedure: 

· Tissues

· decontamination fluid

· gloves

· plastic bags for collecting the tissues when not in the hot laboratory.
	

	Wear protective clothing.
	

	Localize the contaminated area with a contamination monitor.
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	Mark the borders of the contaminated area.
	

	Avoid spreading of the contamination to uncontaminated areas.
	

	Cover uncontaminated or already decontaminated areas with impermeable plastic foil to prevent their contamination.
	

	Start decontamination procedure from the periphery of the contaminated area.
	

	In one stroke work gently towards the centre of the contaminated area.
	

	Use the tissue only for one stroke!
	

	Measure the used tissue and deposit it in the radioactive waste bin.
	

	Stop the decontamination procedure when no contamination larger than 2* background is absorbed by the tissue.
	

	Cover the contaminated area with plastic foil to prevent spreading of the contamination.
	

	Record on the foil the following data:

· date of contamination

· radionuclide

· measured counts per minute (cpm)

· initials
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	Place a warning sign outside the room and record in the ‘survey logbook’ when the contamination effects the whole room.
	

	Inform the head of department.
	

	Check the material used for decontamination for any contamination and deposit them appropriately.
	

	Check the protective clothing.
	

	In case of contamination, store it appropriately.
	

	Make sure the contamination monitor does not get contaminated.
	


Contamination as a result of some drops on floor or workbench

	When the drops are still visible, let the tissues absorb the drop and dispose them carefully in the SOLID radioactive waste bin.
	

	Moisten the tissues with an appropriate decontamination fluid.
	

	Deposit the tissue in the waste bin or plastic bag and repeat the procedure when necessary.
	


Contamination of material and equipment

	Check material and equipment for contamination.
	

	If the material or equipment is contaminated try to decontaminate it according to the procedure described in the section ‘Contamination as a result of some drops on floor or workbench’.
	

	If the material of equipment cannot be decontaminated store it in the lead castle.
	

	Label the item:

· date of contamination

· radionuclide

· measured counts per minute (cpm)

· initials
	


Broken glassware or solid substances (powder) on the floor or workbench.

	Act slowly near the glassware or powder.
	

	Deposit glass carefully using forceps and deposit it in the SHARP radioactive waste bin.
	

	Moisture a tissue with decontamination fluid.
	

	Absorb the powder with this moisturized tissue and deposit them in the SOLID radioactive waste bin.
	


Literature

· ICRP Publication 57
· IAEA Safety Report Series no. 40
· QS03-002_decontamniation of surfaces.
History
02-March-2007
Formulation version 1.0.

Decontamination of the skin

	Carry out decontamination procedures near the entrance to a controlled area or in a area set aside for this purpose. 
	

	Treat all washings as radioactive liquid waste and dispose it appropriately.
	

	Wear impervious disposable gloves and other appropriate items of protective clothing (e.g. apron, cap, mask, foot cover) when assisting a decontamination procedures.
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	Monitor body surfaces and clothing carefully to identify areas of contamination.
	

	Remove clothing carefully to avoid spreading contamination.
	

	First remove contamination from around body orifices, particularly the nose and mouth.
	

	Wash contaminated skin with liquid mild soap and water.
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	Start decontamination procedures from the periphery of the contaminated area and work gently towards the centre.
	

	Pay particular attention to cleaning under the fingernails.
	

	Monitor the decontaminated area after washing.
	

	Note any wounds or abrasions and give these priority treatment.
	

	Irrigate broken skin or a wound until contamination isn’t decreasing anymore; cover it immediately with an adhesive waterproof covering.
	


Literature

· ICRP Publication 57 (299-302)
· ICRP Publication 57 Appendix A (A1-A12)
· QS03-001_decontamination of the skin

History
02-March-2007
Formulation version 1.0.

Elution
	Clean the eluvial shield before use.
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	Press the white plug firmly into the filter.
	

	Remove the centre of the seal of an eluvial, swab the septum and place the eluvial into the eluvial holder. Close the eluvial holder.
	

	Remove the needle cap from the eluate needle and discard. Invert the eluvial holder and press firmly on to the needle
	

	When the vial reaches 12 ml. remove the plug from the filter.
Usually the result of elution is more than 85% in the first few ml. Therefore, to obtain a higher concentration the white plug can be removed before 12 ml. has been reached.
	

	Remove the eluvial holder and immediately press a swabbed sterivial firmly but carefully onto the needle.
	

	Close the lid of the container to maintain aseptic conditions.
	

	Close the lid of the generator shield to shield for radiation.
	

	Measure the Tc-99m radioactivity of the generator eluate. Use a forceps to place the eluvial in the ionization chamber. Record the following information in the ‘Procurement book’:

· Date and time of elution

· Volume eluted

· Measured Tc-99m radioactivity in MBq.

· Specific radioactivity in MBq/ml

· Expiration time

· Signature of the technologist who performed the elution
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	Perform the quality controls.
	


Quality Control
	Molybdenum-breakthrough
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	Measure the Tc-99m radioactivity of the eluate.
	

	Reset the ionization chamber to measure Mo-99 radioactivity.
	

	Place the empty 7mm lead shield in the ionization chamber.
	

	Record the readings
	

	Transfer the eluate vial to the 7mm lead shield.
	

	Place the lead shield in the ionization chamber.
	

	Record the readings
	

	Calculate the percentage Mo-99 radioactivity present.
	


Literature
· Operation instructions PELTEK-F

· Generator-SOP from department of Nuclear Medicine of the U.T.H. Lusaka, Zambia

· QS02-002_elution of the Molybdenum-generator


History
02-March-2007
Formulation version 1.0.

Entrance to the hot laboratory
	Don’t eat, drink, smoke, use handkerchiefs or apply cosmetics in the hot laboratory.
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	Leave personal belongings and jewellery outside the hot laboratory.
	

	Cover cuts or breaks in the skin before entering the hot laboratory
	

	Don’t touch face, skin or unprotected clothes.
	

	Wear a laboratory coat, personal dosimeter, overshoes or shoes dedicated to the hot laboratory, disposable gloves, caps for aseptic working.
	


Working in the hot laboratory
	Be convinced all safety regulations are into place before starting the work.
	

	Make sure there is enough working space. Clean up first if necessary.
	

	Prepare the hot laboratory and preparation area in advance.
	

	Carry out the safety precautions (shielding, distance and time) while handling radioactive material.
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	Use a drip tray with disposable absorbent material when handling liquid sources.
	

	Change contaminated gloves immediately and dispose them in the appropriate waste bin.
	

	Check the lead castle, work benches and eventually the equipment for contamination
	



Leaving the hot laboratory
	Always clean the hot laboratory after finishing the handling of radioactivity.
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	Deposit all waste according to the procedure guideline.
	

	Monitor and wash hands thoroughly
	



Literature
· ICRP Publication no. 57

· IAEA Safety Report Series no. 40

· Local Rules for Nuclear Medicine at the University Teaching hospital
· QS01-001_safety
· QS01-002_entrace to the hot laboratory

History
02-March-2007
Formulation version 1.0.

Installation of radioactive waste bins

	Write the following data in ‘radioactive waste book’:

· assign an unique number

· date of installation 

· type of waste: sharp / solid 

· half-life of waste: short or long

· initials of technologist installing
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	Write the following data on the label:

· assign an unique number

· date of installation 

· type of waste: sharp / solid 

· half-life of waste: short or long

· initials of technologist installing
	

	Install the plastic waste container in the corresponding lead bin.
	


Discharging of the radioactive waste bins
	Check the container on possible leaking, seal it watertight and monitor it the top to the bottom.
	

	Extract the corresponding label from the lead bin and attach to the sealed waste container.
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	Record the following data in the ‘Radioactive waste book’ and on the label:

· date of transfer to decay room

· the highest measured value in cpm

· estimated end date of decay

· initials of technologist discharging the waste to the decay room
	

	Transport the sealed and labelled waste container in a leakage free transport box to the decay room.
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	Place the waste container in a lead shielded decay box. Make sure the label is readable.
	

	At the estimated end date of decay measure the container from the top to the bottom. 
	

	When readings ≤ 2* background radiation remove the label and discharge the container to the normal waste according to hospital regulations. 
	

	Record in the ‘Radioactive waste book’

· date of removal

· initials of technologist discharging the waste
	

	Install a new waste container
	


Discharging the Molybdenum-generator (Peltek-F)

	Discharge the generator as soon as possible after use.
	

	Before transporting, check the generator on possible leaking, and monitor from the top to the bottom.
	

	Check the label and record the following data in the ‘Radioactive Waste book’:

· calibration date

· reference activity

· expire date

· batch or lot number

· date of transfer to decay room

· the highest measured value in cpm

· estimated end date of decay

· signature of technologist discharging the waste to the decay room
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	Record the date of transport to the decay room in the ‘Procurement book’.
	

	Transport the generator in a leakage free transport box to the decay room.
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	Place the generator with readable label visible in the decay room.
	


Literature

· IAEA Safety Reports Series no. 40

· ICRP Publication 57

· QS05-001_radioactive waste

History
02-March-2007
Formulation version 1.0.

Receiving radioactive material
	Check each box on the following items:

· Accurate address.

· Damages: box clean and intact?

· Leakage: visible?

· Information about nuclide and activity. Do not open a box with an unknown nuclide!

· Use a radiation monitor to determine if there is any contamination on the surface of the box. 
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	Next, open the box and check the following items:

· Presence of delivery details.

· Undamaged and readable labels on the shielding.

· Is the information in the delivery details consistent with the information on the labels? The following data have to match: name radiopharmaceutical, nuclide and activity.

· Check the expiration date of the kits.
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	Place the radiopharmaceutical in the allocated storage location.
	

	Exception:
· Install the generator immediately in the generator shield and close the shield.

· Place the kits in the allocated storage location.
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	Enter delivery details in procurement book. Enter the following information:

· Date of receiving.

· Received activity in MBq.

· Calibration date and time.

· Expiration date and time.

· Batch or lot number.
	

	Clear the box:

· Remove all radioactive signal labels.

· Remove the box from the hot laboratory.
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Literature
· IAEA Safety Reports Series no. 40

· ICRP Publication 57

· QS02-001_receiving of radiopharmaceuticals and kits


History
02-March-2007
Formulation version 1.0.

Appendix 7. Presentation – Zambia
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Figure 1	Quality improvement: dynamical vs. systematical
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