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INTRODUCTION

A multi-disciplinary country programme review and programming mission was

undertaken to the Republic of Cameroon, from 21 to 25 June 1993, with the following terms

of reference:

(i) to undertake an in-depth review of past and present technical co-operation

programmes in the country;

(ii) to assess the local infrastructure and current organisational arrangement

established by the national authorities for the implementation of projects funded

by the Agency; and

(iii) to identify priority technical co-operation projects, in which nuclear techniques

could be integrated to further national development efforts, in the preparation

of a medium-term TC programme, with particular reference to public health and

agriculture.

The mission visited various institutions in which nuclear technology projects either

are underway or might be carried out, and held intensive discussions with local scientists and

other competent authorities. A list of institutions visited is given in attachment 1 and persons

met in attachment 2.

This report reflects the findings and recommendations of the mission and falls into

four sections. The first section describes the country profile and includes information about

its economy and its development plans and policies. The second section reviews the

Agency's past and present technical co-operation programmes in Cameroon. The third

section deals with a sectoral programme and institutional review, and the fourth section

presents possible future technical co-operation activities.

The advisory nature of the mission's task should be stressed. The suggestions and

recommendations contained in this report are, therefore, for consideration by the

Cameroonian authorities, with whom rest all decisions for follow-up action.
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1. COUNTRY PROFILE

1.1 BACKGROUND INFORMATION

The Republic of Cameroon, with a totdl surface area of 475,442 square kilometers, lies

just north of the equator between latitudes 2°N and 13°N and longitudes 9°E and 16°E. It has

a coastline of 350 km on the Atlantic ocean in the South-West and shares common borders

with Equatorial Guinea, Gabon and the Congo Republic in the South, the Central African

Republic in the East, Chad in the North, and Nigeria in the West.

Cameroon may be divided into four main topographical regions, namely :

(i) the coastal plains and dense forests in the South;

(ii) the savannah zone in the central part of the country;

(iii) the sahelian plain in the North; and

(iv) the mountainous region in the West, where the highest peak, that of Mount

Cameroon, attains 4070 metres.

In terms of extent, land is not a constraint per se in Cameroon. The per capita

agricultural output however is very low. This is due to various constraints among which the soil

related ones need to be emphasized.

Humidity is very high in the South and in the neighbourhood of the town of Douaia,

where the rainy season lasts from June to November. The northern region is relatively dry but

very hot, with temperatures reaching up to 45°C in summer.

The population, estimated at 11.5 million in 1990, consists of more than 200 ethnic

groups and as many dialects are spoken. However, the official languages are English and

French, the latter being the predominant one.
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1.2 ECONOMIC AND SOCIAL CONDITIONS

Cameroon is endowed with a rich variety of natural resources, the most important of

which are crude oil, natural gas, bauxite, iron ore and timber. Besides, the country is self-

sufficient in several basic foodstuffs such as manioc, bananas, ground nuts, millet and palm

oil. Cocoa, coffee and cotton are grown mainly for export. Livestock production is well

established in the North but is considerably hampered by the prevalence of tsetse flies in the

southern part of the country.

The major industrial activities deal with food processing, beverages, tobacco, textiles,

footwear and wood products. In fact, the industrial sector accounts for 31 % of total GNP.

Apart from cocoa and coffee, the other major exports include crude oil, wood and

aluminium.

From 1970 to 1985, Cameroon experienced a steady economic growth resulting from

a substantial increase in oil revenues and in the export of agricultural products, mainly cocoa

and coffee. As a consequence, the balance of payment was favourable and major progress

in human development was achieved. Thus, the literacy rate went from 43.6 per cent in 1976

to 60 per cent in 1987, life expectancy at birth increased from 38 years in 1970 to 57 years

in 1990, and the gross national product (GNP) rose by an annual average of 3.6 per cent

between 1965 and 1985.

However, since 1986, Cameroon has been facing a severe economic crisis brought

about mostly by a sharp decline in the world prices of oil, cocoa and coffee. The external

debt rose from 857 billion CFA francs in 1985-86 to nearly 2000 billion CFA francs in 1991,

representing 47.3 % of the gross domestic product (GDP). The balance of payment deficit

increased substantially and the unemployment rate grew as a result of staff cutbacks in semi-

public enterprises and a recruitment freeze in the civil service.
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1.3 DEVELOPMENT PLANS, PROGRAMMES AND POLICIES

In an attempt to curb the financial crisis and promote economic recovery, the

Government, in 1987, launched an austerity plan based on a) the reform of public and para-

statal enterprises, b] substantial cut-down of government expenditure, and c) stabilisation of

the financial and banking sectors.

Subsequently, a document entitled "Declaration of a Strategy for Development" was

prepared by the Government and approved in 1988 by the International Monetary Fund (IMF)

and the World Bank, in support of a Structural Adjustment Programme (SAP) as well as a

programme for economic management. The African Development Bank and several bilateral

donors joined in the mobilisation of additional resources necessary for the implementation of

the identified programmes for economic recovery.

In the industrial sector, the plan is meant to consolidate industrial development through

the promotion of small and medium scale enterprises and the establishment of an industrial

free zone.

In the agricultural sector, the plan aims at a higher degree of food self sufficiency

through an increase in livestock and food crop production. It should be noted that, at

present, considerable amounts of rice, wheat flour, and milk are imported.

The plan also includes a comprehensive strategy for enhanced natural resources

management with a view to preserve the integrity of the country's ecosystem.
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2. REVIEW OF PAST AND PRESENT IAEA TECHNICAL COOPERATION ACTIVITIES

Cameroon became a member state of the IAEA in 1964, but the Agency's technical

cooperation activities in the country only started in 1978. The level of activities remained low

up to 1986, but has been growing steadily since 1987 to reach the present figure of about US$

250,000 annually (annex 1). The total amount disbursed up to December 1992 adds up to US$

1,527,800, with the Technical Assistance and Co-operation Fund (TACF) accounting for 90 %,

extrabudgetary contributions 8 %, and assistance-in-kind 2 % of the total. Most of the

assistance has been provided in the form of equipment (61 %), followed by expert services

(24 %) and training (15 %).

With regard to project disbursements by sector, the four major areas have been

nuclear physics and chemistry (38 %), agriculture (23 %), nuclear medicine (14 %) and

hydrology (13 %), as shown in annex 2.

As from 1982, four technical cooperation projects had been completed and by the

end of 1992 nine were still operational (annex 3). A sectoral overview of the Agency-

supported projects is given below.

NUCLEAR PHYSICS

The technical assistance of the Agency to Cameroon started in 1978 with a project

entitled "Nuclear Physics" (CMR/0/002), which had the objective of setting up a central nuclear

laboratory at the Institute of Geological and Mining Research. The project, which was

completed one year later, laid the foundation for the subsequent establishment of

geochemical analytical facilities at the same institute.

Several years later, in 1987, a multi-year project was initiated with a view to introduce

nuclear physics into the curriculum of the Department of Physics of the University of Yaounde

through the provision of laboratory equipment, expert services and fellowship training. This

project has just been completed.

AGRICULTURE

Three technical co-operation projects have been promoted by the Agency in

Cameroon in Food and Agriculture, with a total allotment of US$ 239,914 and a disbursement

at the end of 1992 of US$ 207,903, as follows :



- 6 -

a) Establishment of an agricultural laboratory (CMR/5/004) with a total allotment of

US$ 145.864 and a disbursement by 10 May 1993 of US$ 155,793;

b) Improvement of rubber tree (Hevea) productivity (CMR/5/005) with a total project

allotment of US$ 21,150 and a disbursement at completion (1992) of US$ 8,198;

c) Nuclear techniques in animal diseases (CMR/5/006) with a total allotment of US$

73,500 and a disbursement on 10 May 1993 of US$ 66,555.

From the total project allotment in agriculture, US$ 132,168 were used for equipment

(Packard gas chromatograph - model 417; Packard Tri-Carb liquid scintillation spectrometer;

1000Tri-Carb liquid scintillation analyzer; Shimadzu spectrometer UV-120-02; Shimadzu sample

oxidizer amongst others), US$ 49,599 for expert services and US$ 26,136 for training.

Expert services were provided by five well-qualified scientists for the establishment of

an agricultural laboratory, by one expert for the improvement of rubber tree (Hevea)

productivity and two for nuclear techniques in animal diseases.

Five fellows were trained under the Agency TC projects in agriculture in Belgium,

Canada, France, Ivory Coast and Austria (Seibersdorf) for a total duration of 23 months and

13 days. A staff member from the CATEN Agricultural Laboratory spent 12 months at the

University of Ghent, Belgium under CMR/5/004; the chief counterpart of CMR/5/004 spent four

months in Belgium and participated in three training courses organized by the Agency: (1988
1 "The Use of Isotopes in Studies of Biological Nitrogen Fixation", in Ghana; 1990 - regional

seminar on "The Nuclear Science for Peace and Development", in Uganda; and 1991 on

"Design, Management and Evaluation Techniques", in Ghana). The number of Cameroon

participants in the Agency's training courses on "The Use of Nuclear Techniques in Agriculture"

totals seven so far.

In spite of all the efforts made by the IAEA to develop the use of nuclear techniques

in Cameroon's agriculture, the output from these efforts is unfortunately not as expected - in

fact, not much has been achieved so far. Until now, neither positive results from CMR/5/004

(establishment of an agricultural laboratory), nor any popularization of isotopes and nuclear

techniques could be achieved. The equipment provided by the IAEA under CMR/5/004 was

not even in use. Besides, some of the existing equipment items are broken down and have

been left abandoned. The chief counterpart who was also the official IAEA co-ordinator, left

the laboratory. It is of the utmost importance that the staff be considerably strengthened now



-7 -

if it is desired to achieve any meaningful results. One team member of the mission gave a

three-hour seminar at the Institute of Agricultural Research (IRA) on "The Use of Nuclear

Techniques in Agriculture". Thirty researchers participated in the seminar. Many of them were

very interested in the use of stable and radioactive isotopes and related techniques in

soil/plant relationship studies as well as in breeding and genetic activities.

The project "Improvement of Rubber Tree (Hevea) Productivity" (CMR/5/005) does not

seem to have been active and no information on the progress of work has been received by

the Agency. The project CMR/5/005 was completed in 1992. Mr. Ekoto Abete, with a three

months fellowship under this project, left Ekona's Buea Research Centre in 1992. Mr. S.N.

Lyonaga, first counterpart, left the Centre in 1990, and Mr. D. Roussel, the second counterpart,

left the Centre in 1991.

The only efficient project is the one entitled "Nuclear Techniques in Animal Diseases"

(CMR/5/006). which started in 1991 ai the Laboratoire National Veterinaire (LANAVET) in

Garoua. Seromonitoring of rinderpest is progressing well and the FAO/IAEA rinderpest ELISA

is now used on a routine basis. Problems with the test because of low ODs resulted from

menisci in the wells and therefore improper coating. So far, 9000 sera were collected in a

countrywide survey using a stratified random sampling frame with 328 heifers. 1000 sera were

tested and 2000 more sera are expected to be collected until the end of August. Parallel to

the rinderpest survey, about 800 small ruminants were sampled in the Northern Provinces and

tested for PPR antibodies.

NUCLEAR MEDICINE, RADIATION THERAPY AND HUMAN NUTRITION STUDIES

The Agency's assistance to Cameroon in the medical field covers areas of in-vitro

nuclear medicine, radiation therapy and human nutrition studies. Project CMR/6/003 was

initiated in 1991 for the purpose of establishing a radioimmunoassay service for the diagnosis

of thyroid and thyroid-related diseases at the General Hospital of Yaounde. The basic

equipment items have already been provided and the local staff trained mainly through the

provision of expert services.

However, it is important to point out that, although there is a potential demand in

Cameroon for this kind of analyses, the reagents supplied by the Agency are not much used

for clinical purposes and the workload of the laboratory is very poor. The major reason

appears to be the relatively high cost, US$ 20 per assay, that the patients are required to pay.

In the opinion of the mission it would be highly advisable to reduce this cost, particularly as
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the bulk reagents supplied regularly to the laboratory by the Agency, cost only US$ 0.50 per

assay. Such a decision would contribute to the improvement of health services in Cameroon.

The objective of project CMR/6/002, which became operational in 1991, is to introduce

intracavitary brachytherapy in the treatment of cancer at both the General Hospital of

Yaounde and the General Hospital of Douala. So far, only the latter hospital has been fully

equipped. Implementation has been and is still being hampered by a lack of proper

radiation protection legislation in the country.

A new project, CMR/6/004, which was approved under the 1993-1994 programme

cycle, will become operational in 1994. The aim is to replace the cobalt-60 sources of the

radiotherapy units at both the General Hospital of Yaounde and the General Hospital of

Douala.

The TC project CMR/2/002, which has been on-going since 1989, has enabled the staff

of the Institute for Medical Research and Studies of Medicinal Plants (IMPM) to study, through

the application of isotope techniques, the role of local nutritional patterns in relation to

mineral deficiencies.

IMPM is also benefitting from the Agency's regional project on the radioimmunoassay

of thyroid-related hormones.

RADIATION PROTECTION

The Agency provided assistance to Cameroon in the field of radiation protection

through a Radiation Protection Advisory Team (RAPAT) mission in 1989, the provision of expert

services to assist in drafting the radiation protection law and regulations in 1990, and the

implementation of TC projects on Radioactive Waste Management (CMR/9/002) during 1988-

89 and Radiation Protection (CMR/9/003) as from 1991.

NUCLEAR RAW MATERIALS

Not less than four IAEA-supported TC projects have dealt with the subject of nuclear

raw materials. The first one, CMR/3/004, was initiated in 1980 and consisted in the provision

of geophysical equipment and expert advice on uranium prospection. This was followed in

1982 by a project, CMR/3/005, based at the Institute of Geological and Mining Research,

which project focused primarily on the geochemical analysis of thorium, uranium and
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potassium samples. The follow-up project, entitled "Nuclear Analytical Laboratory"

(CMR/3/006) covered the period 1983-85 and enabled the local staff to be trained mainly

through the provision of expert services. The present on-going project, which started in 1987,

aims at an expansion of activities to cover the analysis of biological samples.

HYDROLOGY

Following an expert preparatory mission in 1989, a TC project, CMR/8/002, was initiated

in order to introduce isotope techniques in hydrology and sedimentology studies. The

recipient organisation was the Institute of Geological and Mining Research (IRGM), which also

benefitted from a sub-regional project, RAF/8/012, entitled "Isotope Hydrology Techniques in

the Sahelian Countries".

These two projects, which have just been completed, led io the establishment at the

"Centre de Recherche Hydrologiques", IRGM, of basic facilities for the analysis of major

elements. The studies were centred around the Yaeare semi-arid zones and the underground

water in the Garoua region of Northern Cameroon, and provided valuable data regarding

feeding of underground water in these areas.

Several local scientists were trained through expert services as well as through the

award of fellowships and should now be in a position fo pursue the studies with minimal

outside assistance.



- 10-

3. SECTORAL PROGRAMME AND INSTITUTIONAL REVIEW

The following sectoral programme and institutional review is based on visits to the

various institutions and intensive discussions with the relevant authorities during the mission, as

well as on available written information.

3.1 FOOD AND AGRICULTURE

3.1.1 AGRICULTURAL SECTORS

Agriculture dominates the economy of Cameroon, employing about 80 % of the labour

force. In spite of Cameroon's tremendous agricultural potential, the country suffers from a

stagnant economy, inadequate infrastructural facilities, continuous environmental

degradation and declining productivity in the agricultural sector. In the 1970's until 1985,

Cameroon experienced a steady economic growth resulting from a dramatic rise in

agricultural exports, mainly cocoa and coffee. As a consequence, Cameroon's balance of

payments was favourable and the surplus was invested in different sectors of the national

economy. Since 1986, Cameroon has been facing a major economic crisis brought on by

the collapse of cocoa, coffee and oil prices, which had disastrous repercussions on

agriculture and also on public finance.

This extremely wide range of the climatic conditions and the geography of Cameroon,

varying from the dry, almost Sahelian north to the fertile plateau in the west and the humid

rain forests in the south, means that the country is endowed with an equally wide range of

agricultural resources. However, the share of agriculture in GDP fell from 31,5 % in 1978 to

26,6 % in 1989. Nearly all of the cash crops have suffered from depressed world market

prices since the mid 1980's.

The main food crops are millet and sorghum (about 400,000 tons/year) and maize

(about 500,000 tons/year). The output or nee has expanded from 63,000 tons in 1981/82 to

approximately 120,000 tons presently, mainly under the impetus of SEMRY society at Yogoua

in North and Far North provinces. Cotton has been a big success in terms of output, with a

record crop of 168,400 tons (581 kg/ha) in 1988/89 and the second highest yield in

francophone Africa. Rubber, with a production of 11,000 to 17,000 tons/year and Palm oil with

80,000 to 90,000 tons/year are also important for Cameroon's agriculture.
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Coffee, cocoa and bananas are the three leading cash crops. Cameroon is the

world's fifth largest producer of cocoa, with 124,200 tons in 1988, and 124,900 tons in 1989,

117,000 tons in 1990 and about 100,000 tons in 1991 and 1992. Based on information

available to date, the cocoa harvest for 1992/93 will also be around 100,000 tons. This would

mean an export revenue of cocoa for Cameroon of around US$ 90 million based on experts

of 80 % of the final output. The coffee production was 126,200 tons in 1988 and decreased

to 86,000 tons in 1990. In 1993, the coffee export earnings for Cameroon should be in the

region of US$ 93 million. Bananas are now firmly established as Cameroon's leading cash

crop, and they are projected to bring in US$ 132 million in 1993, against US$ 120,000 million

in 1992 and an estimated US$ 150,000 million in 1994.

Concerning the forest resources, despite a global concern over environmental

damage to Africa's tropical forest, a recent study carried out by the "Organisation Africaine

du Bois" (OAB) concludes that Cameroon is one of the few countries which has the potential

to exploit its forests further, without undermining the rate of regeneration of trees, assuming

that a well-thought forestry policy is implemented. Cameroonian forestry is, according to the

study, a typical example of underutilization and underexploitation of such resources. It should

be mentioned that the country has one of the highest rates of foreign participation in the

sector, with foreign companies controlling more than 70 % of the licensed forest area, 80 %

of the local production and 90 % of the log exports. In 1990, timber export reached US$ 165

million.

Cameroon ranks fourth among the African countries in terms of forestry resources.

Forests cover some 20 million hectares, with exploitation licences for 7 million hectares. In the

long run, Cameroon's forest resources could become a major source of foreign exchange

along with banana, coffee and cocoa.

3.1.2 INSTITUTIONAL REVIEW

The Institute for Agricultural Research (IRA) located at Nkolbisson (near Yaounde) is a

governmental research organization, responsible for agricultural research throughout

Cameroon. IRA consists of four centres, namely, Karoua, Ekona, Foukbot, and Nkolbisson, 18

experimental stations and 24 experimental sub-stations (annex 4). However, the Agricultural

Laboratory, established by TC project CMR/5/004, for the use of nuclear techniques in

agriculture, has not played a significant role in IRA's research, largely as a result of lack of

commitment on the part of the project counterparts and lack of follow-up of project activities

by the authorities in charge of coordination of technical co-operation.
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The main focus of research of the institute and its experimental centres and stations

are: soil fertility, plant nutrition, breeding (maize, sorghum, soybean, beans, cotton,

groundnuts), crop production and crop protection, management of horticultural crops,

management of rubber (Hevea), banana, cocoa, coffee and some other crops, and

management of pasture and forages.

The Institute of Animal and Veterinary Research, Yaounde, is under the Ministry of

Scientific and Technical Research, and is the administrative and co-ordinating structure of the

Animal and Veterinary Research Center, Wakwa, Ngaoundere on the Adamarua Plateau and

of the Centre in Bambue in the Western Highlands of Cameroon. All the research and

diagnostic activities are located in these centers. In 1984, the Laboratoire National

Veterinaire (LANAVET), a vaccine production center, was established in Garoua, with an

extensive financial and personnel support from the French Cooperation programme. The IAEA

TC project CMR/5/006 is located in LANAVET, Garoua.

3.2 MEDICINE AND BIOLOGY

In the medical field, sealed and unsealed sources are used at the following institutions

- the General Hospital of Douala, the General Hospital of Yaounde, the Pasteur Centre, and

the Institute for Medical Research and Studies of Medicinal Plants (IMPM).

3.2.1 NUCLEAR MEDICINE

Nuclear medicine uses artificial radioisotopes, in the form of unsealed radioactive

sources, which follow the metabolism of stable elements in the body (in vivo technique). It

also uses these radioactive sources based on the antigen-antibody immunoreaction (in vitro

technique, RIA).

The essential purpose of nuclear medicine is diagnostic. It was limited for a long time

to imaging (scintigraphy) but in recent years, because of the use of large-size detectors

(gamma camera) and computers, it has developed further and now carries out functional

studies. Apart from its high sensitivity (assay of products with a concentration of the order of

a nanogram per litre in 2-3 cm3 of serum), RIA has now a very high specificity, thanks to the

contribution of molecular biology. Automation enables a large number of samples to be

treated. The trend is towards fully automated diagnostics.
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Since nuclear medicine is essentially a diagnostic service, its effectiveness is linked to

an appropriate environment comprising facilities for endocrinology, orthopaedics and

traumatology, carcinology, haematology, infectious diseases and soon. Because of the large

investment required, the high price of radiopharmaceuticals and equipment maintenance,

it is necessary to make the services provided more cost-effective by carrying out the

investigations on a large number of patients.

In Cameroon, nuclear medicine facilities have been established at the General

Hospital of Yaounde, the Institute for Medical Research and Studies of Medicinal Plants (IMPM),

and the Pasteur Centre.

a) The General Hospital of Yaounde has a radioimmunoassay laboratory equipped

mostly by the IAEA. The Agency is still providing the necessary reagents and expert assistance

to maintain the service. About 20 to 25 patients are examined per week. The physician

attached to the service has been trained in both in-vivo and in-vitro nuclear medicine.

However, at present, there are no facilities (e.g. gamma camera) for in-vivo techniques. The

major constraints to the development of the nuclear medicine service at the General Hospital

of Yaounde are (i) the high cost of treatment and (ii) the absence of a full-time radiation

physicist. The issue of radiation protection is dealt with in Section 3.3 of this report.

b) The Institute for Medical Research and Studies of Medicinal Plants is participating

in the regional IAEA-supported project on radioimmunoassay. Unfortunately, the laboratory

set up by the Agency burnt down in February 1993 and an urgent request to replace the

equipment has been submitted to the Agency.

c) Radioimmunoassay is also carried out at the Pasteur Centre, where the services

include the assay of thyroid hormones, steroids and PSA. The number of patients is 50 per

month, and the analyses are charged for at a preferential rate. The work is carried out by

two pharmacists-biologists, who are graduates from the National Institute of Nuclear Science

and Technology (INSTN), France, and are employed part-time for this activity.
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3.2.2 RADIOTHERAPY

The purpose of radiotherapy is to apply a high radiation dose to a cancerous tumour

with a minimum of dose to the adjacent healthy tissue to avoid serious after-effects.

There are four steps in order to achieve this purpose:

(i) Delineation of the target volume, comprising the tumour, its possible extensions

and the adjacent organs.

Delineation is based on clinical examination and various investigations involving

medical imaging and endoscopy. Delineation on a simulator and imaging with a CT scanner

are the most common, and takes the form of graphic representation (radiological diagram

or section) of the axial transverse section covering the whole area occupied by the tumour

(three-dimensional representation).

(ii) Preparation of an individual irradiation plan for each patient on the basis of the

axial transverse section (or the whole target volume).

This step involves finding tentatively the optimum combination of several irradiation

beams whose parameters (angles of incidence, dimensions, insertion of compensating

wedges and lead shielding blocks, etc.) are modulated so as to apply the maximum dose

to the tumour and a minimum dose to the adjacent tissue. This treatment planning forms the

basis of every high-quality radiotherapy and is the result of collaboration between the

radiotherapist and the hospital's physician.

(iii) Simulation and verification of the irradiation plan by reproducing the parameters

chosen in the plan and by checking that the objectives of the plan are met (coverage of the

target volume and protection of the radiation-sensitive organs). This operation is usually

performed on the simulator. Treatment simulation can also be performed directly by using

the beam of the 60Co machine.

An equivalent simulation can be obtained from CT scanner images processed by

some computers. Regardless of the method used, the simulation process ends with positioning

by skin marking so that the irradiation conditions can be reproduced.
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(iv) Treatment

The treatment consists of irradiating the patients in a specific number of sessions in

accordance with the parameters defined in the treatment plan and simulated in the

simulation session. If these parameters are changed, this should be taken into account in the

next stages of the treatment. In general, the radiotherapist examines the patient every week

and the radiation physicist checks the beam parameters once every two months. During the

treatment, gammagraphy is carried out for purposes of control. The best guarantee for good

radiotherapy is close collaboration between the radiotherapists, physicists and technicians,

all of whom should be available in sufficient numbers, and the use of appropriate equipment.

In Cameroon, radiotherapy is practised at both the General Hospital of Douala and

the General Hospital of Yaounde.

a) The General Hospital of Douala has a proper service with appropriate facilities,

for both teletherapy and curietherapy (source and hospitalization). Two radiotherapists, one

radiation physicist and several technicians have been taking care of the patients since April

1989. The service has a cobalt source, with an output of 2600 RHM at present, a simulator

and seven caesium-137 sources used for cancers of cervix uteri. The number of patients

treated by telecobalt therapy is about 15 per day. However, during the whole of 1992, only

23 patients were treated by curietherapy.

A closed-circuit television surveillance system purchased by the Agency, under

purchase order 91P492D, for the General Hospital of Douala, never reached its destination,

although there are indications that it arrived in the country. Attempts to locate this piece of

equipment have not been successful so far.

The main factor which limits the number of patients is the high cost of treatment.

b) The General Hospital of Yaounde has two radiotherapists, and a team of

technicians who carry out the treatment. However, the trained radiation physicist has left the

service. His work is now performed by the radiation physicist of the General Hospital of

Douala who spends one day per week in Yaounde. The service has a cobalt-60 source

procured in September 1987, and its output is now reduced to 0.61 Gy/min at 80 cm. It

performs computerized dosimetry on the basis of scanner data.

The number of patients treated by cobalt is 15-20 per day. Treatment is not free

and, the cost of treatment seems to be the major factor hampering development.
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In this connection, it should be pointed out that at the General Hospital of

Yaounde

- there is no simulator which could reduce the time spent on positioning the

cobalt source; and

- there are no facilities for brachytherapy.

The facilities available for nuclear medicine and radiotherapy at the General

Hospital of Yaounde and the General Hospital of Douala are summarised in annexes 5 and

6 respectively.

3.2.3 HUMAN NUTRITION STUDIES

The Institute for Medical Research and Studies of Medicinal Plants has benefitted from

the Agency's assistance since 1989, especially in the form of equipment and training. At

present it is making use of both spectrophotometric and isotope tracer methods to quantify

iron and zinc in the food intake of the population. The studies are being carried out by a few

competent scientists and have already led to a number of scientific publications.

3.3 RADIATION PROTECTION

3.3.1 RADIATION PROTECTION LEGISLATION AND INFRASTRUCTURE

The only legal instrument to regulate the use of radioactive substances and ionizing

radiation is a decree (no. 83-410) issued on 29 August 1983 "to lay down the conditions

governing the preparation, possession, import, export, sale and use of artificial

radioelements". According to this decree, the Minister of Public Health, upon the

recommendations of an interministerial commission, must give its authorization for any use

concerning artificial radioelements. The decree has not been implemented due to lack of

competence and basic elements of radiation protection infrastructure.

The first Agency radiation protection mission to Cameroon in 1988 was informed that

the Ministry of Science and Technology (the former MESIRES) would take the initiative to draft

a proposal for the creation of a commission, which, under the auspices of the "Comite

National de Developpementdes Technologies" (CNDT), was to act as the National Competent

Authority (NCA) for radiation protection matters.
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The same information was given to members of the RAPAT mission in 1989 and it was

further suggested that the Radioisotope Laboratory in Nkolbisson, 15 km from Yaounde, should

act as the executive body (national radiation protection service) under the NCA.

A draft radiation protection law and regulations were prepared during an expert

mission in April 1990. The expert (Mr. A. Risselin) was then informed of the same plans. The

idea to establish a "Centre d'Application des Techniques Nucleaires" (CATEN), was also

brought to the expert's attention. These plans, however, have never materialized.

After approval of the Agency's TC project (CMR/9/003) on radiation protection for 1991 -

1992, the national counterpart decided that the implementation of that project should take

place at CATEN.

The Review and Programming mission has found that:

• Agency's recommendations on the establishment of a National Infrastructure

for Radiation Protection have neither been considered nor implemented;

• CMR/9/003 has not been implemented (project counterpart not available for

at least 18 months; Agency supplied equipment has not been unpacked

since delivery);

• At present, no activities are being carried out at CATEN in the field of

Radiation Protection;

• In spite of the fact that two Agency supported radiation protection training

courses/workshops were organized In Cameroon in 1992, the information

provided to the trainees was not put Into practice.

The general conclusions to be drawn by the Review and Programming mission are that

no progress has been made by the Government or project counterpart on the establishment

of a National Radiation Protection Infrastructure in Cameroon since 1988 and radiation

protection services at the national level are still non-existent.

3.3.2 RADIATION PROTECTION IN HOSPITALS

The application of ionizing radiation having the greatest impact on radiation

protection in Cameroon is in the medical field. In order to verify whether radiation protection

measures are taken in this field three hospitals were visited. They were:
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- the Central Hospital of Yaounde

- the General Hospital of Yaounde

- the General Hospital of Douala

The radiology department of the Central Hospital has recently been renovated. The

department only has X-ray equipment for diagnosis. The design of the X-ray rooms appeared

to be adequate. The operators panels area were installed behind lead glass shields, and

warning signs to inhibit unauthorized entrance during operation were installed above the

entrance doors. The design and construction of the radiology department have not been

checked from a radiation protection point of view and quality control procedures for

checking the X-ray equipment are not being applied. Since a personnel monitoring service

was not available, the Agency offered to provide a temporary dosimetry service from the

Radiation Safety Services Section of the IAEA in Vienna.

At the General Hospital of Yaounde, the X-ray equipment as well as the radiotherapy

(Co-60 teletherapy and superficial therapy) are in good condition. The amount of radiation

survey equipment was insufficient as well as equipment for quality control. A PTW dosimeter

was said to be used for the determination of the output from the Co-60 source).

No warning lights were installed above the doors leading to the X-ray rooms. A

personnel monitoring service (film dosimetry) is provided by a foreign institution.

The General Hospital of Douala has similar therapy facilities as in Yaounde plus

equipment for brachytherapy. Adequate safety systems to prevent unauthorized entrance to

all therapy treatment rooms were installed, but equipment for quality control and

determination of the Co-60 therapy output was not available.

A personnel monitoring service is also provided by the same foreign institution.

3.4 INDUSTRIAL APPLICATIONS AND INSTRUMENTATION

In Cameroon, industrial applications of nuclear techniques have not been introduced

so far by any institution that exists in the country, neither at the research and development

stage nor at an industrial level.

Use has been made of nuclear techniques for quality control purposes during the

construction of the Yaounde international airport and its runway by a foreign company. The

authorisation for the import of radioactive sources was given by the Ministry of Health and
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some control on these sources has been carried out by inspectors from the Ministry of Energy.

Water and Mines. It should be mentionned that these inspectors have never had any special

training for sealed radioactive source control.

As for Non Destructive Testing (NDT) techniques, process control and quality control in

industry, no effort for a capacity building in these areas has been made, at least as it

appears from the institutions in charge of promoting peaceful uses of nuclear energy we have

visited.

But it must be noted that a great effort was made in the field of prospection for raw

materials and Cameroon has benefitted from several technical cooperation projects with the

IAEA, particularly project CMR/3/004 on nuclear raw materials, and project CMR/3/005 on raw

materials analysis.

The first project whose recipient was the Ministry of Mines and Energy started in 1980

and was completed in 1981. It was aimed mainly for uranium prospection capacity building.

Expert services in uranium prospection and geophysical equipment were provided to the

Ministry of Mines and Energy. These services were used essentially to survey the Gobele

anomaly. The geophysical equipment provided is still in use for uranium exploration and

prospection even though the activity has declined considerably during the recent years.

The second project whose recipient was the Institut de Recherches Geologiques et

Minieres (IRGM) lasted one year and was completed in 1983. Through this project, equipment

and expert services were provided to the Institute for the geochemical analysis of thorium,

uranium and potassium samples sent by the uranium exploration teams of the Ministry of

Mines and Energy.

These two technical cooperation projects were followed in 1983 by project CMR/3/006

for the setting up of an analytical laboratory designed to train local staff in physical

measurements and analysis of uranium samples using radiometric methods and in

maintenance and repair of equipment. The beneficiary of this project was the Laboratoire

de Recherches Energetiques of the Institut de Recherches Geologiques et Minieres. But here

again, with the decrease of exploration activities, little use is being made of the analytical

equipment.

No programme for instrumentation development or maintenance was set up in the

country, if it were not for a rather limited introduction to the repair of analytical equipment in

project CMR/3/006.
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The last-mentioned project was followed in 1987 by a nuclear analytical laboratory

project, CMR/1/002, for the benefit of the Laboratoire de Recherches Energetiques of the

Institut de Recherches Geologiques et Minieres. The objectives of this project were to increase

the analytical throughput of the existing laboratory for mineral/soil analysis and to expand its

activities to include the analysis of biological samples. At the time of our visit none of the

equipment items obtained In the frame of this project was In use and there was no

programme for their utilisation In the near future because of the inadequacy of the

space available, the absence of the scientific and technical personnel and also the lack

of local means that a scientific laboratory must have to run a proper scientific

programme.

3.5 HYDROLOGY

Under technical cooperation project CMR/8/002, studies on isotope hydrology and

sedimentology were undertaken by the "Centre de Recherches Hydrologiques" (CHR) of the

IRGM. The aim was to determine the hydrogeological characteristics of aquifers in Northern

Cameroon and the suspended solid deposits in water courses.

Further studies and training took place in the framework of the African regional project

on hydrology RAF/8/012. The work performed can be termed as satisfactory. It has provided

manpower training and allowed acquiring a good scientific knowledge of the hydrology of

the Yaeare semi-arid zones and the underground water in the Garoua region of Northern

Cameroon. Four doctorates were obtained thanks to the work performed under these two

projects.

However, if there is no doubt about the scientific impact of the technical cooperation

in the field of hydrology, the utility and the economic impact of these projects were put

into question by staff from the Ministry of Energy, Water and Mines because there has

been no interaction between the scientific group of the "Centre de Recherches

Hydrologiques" and other institutions In the country that could use the scientific results.

It should be mentioned that according to the scientific personnel, not all equipment

items ordered under project CMR/8/002 were received by the CRH. But this can be

ascertained only if an inventory of the equipment provided is made by the national

authorities.
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3.6 GENERAL ATOMIC ENERGY DEVELOPMENT

Starting in 1978, attempts were made to train university students in nuclear physics, as

part of a general atomic energy development programme. Under project CMR/0/002,

equipment items provided to the Laboratoire de Recherches Energetiques of the Institut de

Recherches Geologiques et Minieres were used by students from the Univesity of Yaounde to

get acquainted with laboratory work in radiation detection and gamma spectrometry. This

went on until 1987, when a project was granted by the IAEA to the department of physics of

the Faculty of Science of the University of Yaounde, CMR/1/003, to set up a laboratory for low

level counting, radiation detection and nuclear physics experiments. It turned out from the

discussions the mission had with the Dean of the Faculty of Science and the Head of the

Department of Physics (the national coordinator for this project being absent) that the facilities

have been used by some students for dissertation work toward a B.Sc. or an M.Sc. degree in

physics. The other physics professors and assistant professors of the Faculty were not using the

equipment provided under this project. No information could be obtained on the exact

location of these equipment items that do not appear on the Inventory list of the Faculty

of Science.

For all this, it is very hard to give even an approximate evaluation of the impact of the

technical assistance provided to set up nuclear physics laboratories for human resources

development.

No other aspects of a general atomic energy development programme have been

started in Cameroon. There were also no general studies on the use of nuclear reactor for

energy production carried out except for an internal study undertaken by staff of the Ministry

of Energy, Water and Mines as part of a report on alternative sources of energy in the national

energy plan.

3.7 PROGRAMMING AND COORDINATION

The programming and the coordination of the different activities related to the

development of the applications of nuclear techniques have evolved considerably since 1978

when the technical cooperation programme between the Agency and Cameroon started.

Right from the outset and until 1987, the "Laboratoire de Recherches Energetiques" of

the Institut de Recherches Geologiques et Minieres was acting as the programming and

coordinating body in the country for any technical cooperation with the International Atomic
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Energy Agency. The "Laboratoire de Recherches Energetiques" was also the main recipient

of the technical assistance which was confined to raw materials exploration and analysis and

training in nuclear physics. It should be noted that even a project for the establishment of an

agricultural laboratory was part of the "Laboratoire de Recherches Energetiques". The

introduction of nuclear techniques in other sectors did not start until 1987, with applications

in agriculture, followed by applications in hydrology in 1989 and applications in medicine in

1991. Radiation protection did not get underway until 1991.

An attempt to create a laboratory for nuclear techniques applications within the IRGM,

distinct from the "Laboratoire de Recherches Energetiques", was made in 1987. At that time,

the "Ecole Nationale Superieure d'Agriculture" (ENSA), which had set up a radioisotope

laboratory for applications in agriculture located in Nkolbisson near the L.R.E., moved to

Dschang and vacated a small building.

On 5 June 1989, by a ministerial note (no. 0076) from the Ministry of Higher Education,

Informatics and Scientific Research, the "Laboratoire Central d'Applications des Techniques

Nucleates" (CATEN) was created under the supervision of the "Comite National pour le

Developpement des Technologies" (CNDT) and was given the small building made available

by ENSA two years earlier. It is in these new premises that a new start was supposed to be

made to the applications of nuclear techniques as well as to radiation protection, the

programming and the coordination activities being left to the CNDT.

In fact, the "Comite National de Developpement des Technologies" was created by

decree no. 82/126 on 18 March 1982 and was put under the ministerial department in charge

of scientific research. In section 2 of this decree, it is stressed that "the CNDT is a coordinating,

a reflecting and an information body in matters relating to the transfer and the development

of technologies". In reality, the CNDT played a role only in transmitting information on training

courses and seminars organized by the IAEA to the scientists working in the institutions

belonging to the different ministries, and in sending application forms and project proposals

emanating from these institutions to the IAEA.

As for the programming of the applications of nuclear techniques at a national level,

no document was provided to us to prove the existence of such activities. All the technical

cooperation projects carried out until now were at the Initiative of individual scientists

from various Institutions.
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4. POSSIBLE FUTURE TECHNICAL CO-OPERATION ACTIVITIES IN CAMEROON

4.1. FOOD AND AGRICULTURE

The production of food, fibre and timber will continue to be the main objective of the

domestic economy and the primary source of foreign exchange earnings for the forseeabie

future. This sector must be improved decisively to elevate the well-being of the people of

Cameroon and to provide for their needs in spite of the varieties of weather, plagues and

foreign market prices of individual commodities. It is imperative that domestic surpluses of this

sector be increased and diversified in order to substitute for imports and to secure large

export earnings to eliminate the negative balance of payments and shrink the foreign debts.

From the major soil groups in Cameroon, Ferralsols represent 55,2 %, Nitrosols 15,5 %,

Luvisols 6,7 % and Gleysols, Regosols, Vertisols, Acrisols from 3 to 5,3 % each. Other soils are

of low importance. The major soil fertility constraints in Cameroon are: low Cation Exchange

Capacity (CEC), K and P deficiency, Al toxicity, low water holding capacity, drought stress in

Northern and Adamacua regions, erosion hazard and poor drainage.

Of immediate concern is a need for extensive applied research related to nutrient

availability and fertilizer application for different crops like maize, sorghum, millet, rice, cotton,

as well as for coffee, cacao, bananas, rubber and palm oil, to avoid soil depletion and

decrease of organic matter and soil fertility. Studies with the use of 15N and 13C on soil organic

matter and nutrient turnover for productive agriculture, can be developed. Also, the use of

isotopes and related techniques for increasing and sustaining crop production in acid soils

and for increasing crop production by better management of nitrogen fixing micro-organisms,

is of great importance and of high priority for agriculture in Cameroon.

Genetic improvement of plants by means of mutation breeding, DNA finger printing

and micro-propagation techniques, to create new varieties resistant to diseases and drought,

and tolerant to different soil fertility constraints such as soil acidity or low nutrients and water

content, also represents a research area of high interest.

The importance of livestock production in Cameroon cannot be overemphasized. In

fact, the cattle population exceeds 4 million, and the goat and sheep population is estimated

to be about 10 million. However, production is still plagued by numerous diseases including

rinderpest and trypanosomiasis. An on-going IAEA-supported TC project has contributed

towards monitoring the major livestock diseases. It is now necessary to consolidate this project

through a more extensive application of immunological methods in the detection, monitoring
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and combat of these and other diseases in all the regions of the country, with a view to further

improve the efficiency of livestock production.

As in other developing countries, post-harvest food losses are very high in Cameroon.

The economic benefits that could be derived by extending the shelf-life of foodstuffs are

therefore enormous. One approach is to use methods to eliminate post-harvest pests and to

delay microbial spoilage. This would also help to protect the public from food-borne

pathogens and parasites. However, food irradiation techniques can only be considered in

the country after promulgation of the Radiation Protection Law and the establishment of

appropriate enforcement mechanisms.

So far, one major constraint to the successful implementation of IAEA-supported

TC projects in agriculture in Cameroon has been a lack of well-qualified and dedicated

counterparts. It is therefore Important for the initiators of new project proposals to

ensure that they are able to devote sufficient time to project activities and that the

recipient Institutions are able to meet the local operational costs.

4.2 MEDICINE AND BIOLOGY

In the short and medium term it is necessary to upgrade both the nuclear medicine

and the radiotherapy facilities in Cameroon. However, prior measures should be taken at a

national level to make these facilities accessible to a much larger cross-section of the

population - if not the whole population. It is equally important that the Government

undertakes appropriate action to promulgate an appropriate radiation protection legislation

and develop an adequate national radiation protection infrastructure to ensure the safe use

of ionising radiation in hospitals.

4.2.1 NUCLEAR MEDICINE

All the three nuclear medicine facilities in Cameroon are located in Yaounde and are

restricted to radioimmunoassay (i.e. in-vitro nuclear medicine).

At the General Hospital of Yaounde, the services should be extended to include in-vivo

nuclear medicine, especially as the physician in charge of these services is already trained

in imaging techniques. However, there is need for a full-time radiation physicist to be

attached to this hospital before any expansion of the services can be considered.
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Following the burning down of the RIA laboratory at IMPM, an urgent request for

assistance to replace the destroyed equipment has been submitted to the Agency. Provided

the local counterparts undertake to provide adequate premises, the mission would

recommend \o the Agency to investigate the possibility of supporting the re-establishment of

the facilities.

The Agency has not been involved with the establishment of nuclear medicine facilities

at the Pasteur Centre.

In view of the large population of Douala, a multi-year programme for the

establishment of a nuclear medicine service at the General Hospital of Douala should be

elaborated. Such a programme should include the training of physicians, physicists and

technicians, the construction of premises satisfying the accepted norms, and the procurement

of appropriate equipment for both in-vitro and in-vivo techniques, starting with the former.

4.2.2 RADIOTHERAPY

The General Hospital of Douala has been equipped with brachytherapy facilities

through the technical co-operation programme of the Agency. The Cameroonian authorities

should now take appropriate measures, including the endorsement of the radiation protection

legislation, as recommended in Section 4.3.2 of this report, in order to enable the Agency to

provide similar facilities to the General Hospital of Yaounde and to have the Cobalt-60

sources replaced at both the General Hospital of Douala and the General Hospital of

Yaounde, as already approved under the 1993-94 regular TC programme of the IAEA.

The present low level of activities of the radiotherapy units of these two hospitals does

not justify additional assistance in terms of the provision of a simulator at the General Hospital

of Yaounde, as requested by the counterpart, or the establishment of new radiotherapy

facilities at the Central Hospital of Yaounde. However, on the assumption that the cost of

treatment will be appreciably reduced (as indicated by several counterparts and other

national authorities), it is anticipated that the number of patients will increase substantially in

the years ahead.

It is therefore proposed that the national authorities should prepare, in two years or so,

a radiotherapy and nuclear medicine programme based on the following:

(i) the number of actual and potential patients per radiotherapy/nuclear medicine unit;

(ii) the number of radiotherapists/nuclear physicians/radiation physicists/technicians per

functional unit;
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(iii) the necessary equipment per functional unit, and

(iv) the essential rooms per functional unit.

Any new requests to the Agency should be considered in the light of the above

information.

4.2.3 HUMAN NUTRITION

The mission was briefed on the on-going Agency-supported studies concerning the

identification of traditional and imported foodstuffs which have high protein, iron and zinc

contents. The counterpart wishes to investigate the interaction between the intake of certain

micronutrients, such as iodine, iron and selenium and certain prevalent diseases in

Cameroon.

The mission is of the opinion that IMPM has the necessary staff to carry out these

studies. However, the unknown factor remains the availability of an adequate local

operational budget.

4.2.4 SOME OTHER CONSIDERATIONS

In order to make optimal use of available resources for both nuclear medicine and

radiotherapy, a close collaboration among the different institutions is essential. In particular,

it is expected that the General Hospital of Yaounde and the General Hospital of Douaia co-

operate very closely regarding all matters related to radiotherapy, and that the General

Hospital of Yaounde, IMPM, and the Pasteur Centre, work very closely and share resources

concerning the nuclear medicine services.

In order to cope with the expected increase in activities, it is necessary to continue and

to consolidate the training of radiotherapists, radiation physicists, nuclear physicians and

operators.
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4.3 RADIATION PROTECTION

4.3.1 RADIATION PROTECTION LEGISLATION AND INFRASTRUCTURE

The lack of adequate radiation protection legislation and infrastructure In

Cameroon has seriously hampered the Agency's technical co-operation programme In

the country.

As a matter of priority, the draft radiation protection legislation should now be revised

and promulgated, taking into account the Agency's recommendations contained in the end-

of-mission report ot April 1990 and the reference material provided.

Since the hospitals are by far the largest users of ionising radiation, due consideration

should be given to retain the radiation protection authority under the Ministry of Public Health,

in accordance with Decree 83-410 of 29 August 1983.

It is worth investigating the reasons why no progress has been made by CNDT in

establishing a national infrastructure for radiation protection, in spite of the assistance

provided by the Agency. The mission is of the opinion that the present infrastructure of CATEN

is not adequate to house a national radiation protection service. The national authorities

should therefore consider the possibility of identifying an alternative institution, such as the

Central Hospital of Yaounde, for that purpose in which case the radiation protection

equipment provided under CMR/9/003 should be moved ^o the selected institution, and the

staff trained in radiation protection under the Agency's fellowship and training programmes

should be appointed as radiation protection officers for this service. Provision should thus be

made to monitor persons occupationally exposed to ionising radiation in all sectors, including

hospitals.

4.3.2 RADIATION PROTECTION IN HOSPITALS

During the meetings with the national authorities, the mission made reference to the

Agency's letters to the Minister of Scientific and Technological Research (MRST) dated 22

December 1992 and 18 March 1993 in which the Agency repeatedly underlined the difficulties

in strengthening technical co-operation activities and in implementing in particular, the

radiotherapy projects at both the General Hospital of Douala and the General Hospital of

Yaounde as long as there is no adequate regulatory framework to control the utilization of

radionuclides and radiation sources in hospitals.
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The Review and Programming Mission noted that:

• the radiation protection services at the national level are still non-existent,

although the Agency has been assisting Cameroon since 1991 in establishing a

national radiation protection infrastructure at the Centre d'Application des

Techniques Nucleates (CATEN],

• there is an operational personnel dosimetry service in both the General Hospital

of Yaounde and the General Hospital of Douala, provided by a foreign

institution,

• there is one medical physicist based at the General Hospital of Douala, who also

assists the General Hospital of Yaounde one day per week; the General Hospital

of Yaounde plans to recruit by November 1993 another medical physicist, who

is at present on training abroad.

In the light of the above, the mission investigated the possibility of resuming the

implementation of the above mentioned projects with the national authorities. In this respect

the mission recommends that the relevant authorities send a letter to the Agency indicating

that the Government of Cameroon takes full responsibility for the utilization of radioactive

sources to be provided under the above-mentioned projects. At the same time, the Agency

should be provided with written evidence that the two hospitals, namely the General Hospital

of Douala and the General Hospital of Yaounde are authorized to utilize these sources in

accordance with Chapter 1, articles 2 and 3 of Decree No. 83-410 of 29 August 1983, which

lays down the conditions governing the preparation, possession, import, export, sale and use

of artificial radioelements.

With these conditions, the mission would recommend to the Agency to continue the

implementation of the two projects awaiting the improvement of the radiation protection

legislation. The proposed solution should be regarded as an interim solution which, by no

means, should slow down the endorsement of the draft radiation protection law and

improvement of the decree 83-410.
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4.4 INDUSTRIAL APPLICATIONS AND INSTRUMENTATION

Since the promotion of small and medium scale industries is one of the objectives of

the Government's economic recovery policy, and since petroleum and petrochemical

industries exist in the country, some attention should be paid to the industrial applications of

nuclear techniques in order to develop a minimal indigenous expertise in this field that might

prove to be valuable for future industrial expansion.

A national capacity in non-destructive testing can render in the future immense

services, provided it is built up gradually in the country, keeping in mind that this capacity

should be put at the service of industrial firms and should generate sufficient funds to be self-

sustaining.

The personnel from the Ministry of Energy, Water and Mines, and more particularly the

Centre d'Analyses et d'Essais, showed keen interest in these techniques.

Technical assistance from the Agency in NDT techniques can help to build up a

national expertise covering X-ray and gamma radiography, as well as ultrasonic flow

detection and eddy current detection techniques.

Training must be provided in radiography methods, surface methods and ultrasonic

testing at levels 1 and 2. Quality welding procedures with national qualification and

certification schemes for NDT personnel must be established.

As for the radioisotope techniques for process control and quality control, they can be

introduced only after a thorough survey of the local industry's actual needs and future plans.

Irradiation techniques might prove to be of some interest to Cameroon. Their use in

medical supply sterilisation, wood polymerisation and food conservation can give birth to

some new small and medium size industries.

None of the nuclear techniques applications in industry should however be introduced

in the country unless it is felt by the national authorities that there is a need and a market for

these techniques and that sufficient local human resources exist or can be made available

with enough assurance that they would continue to work in this area for a long period of time.

In the Instrumentation field, the real need is for repair and maintenance. No

noticeable sustained effort has been made so far to repair and maintain the instruments

that exist in the country, including the ones provided under IAEA projects. Emphasis must
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therefore be placed on setting up good maintenance and repair work shops and on

developing some know-how in designing electronic circuits and devices for local use. Repair

and maintenance should in fact be put as a first priority along with radiation protection, if

applications of nuclear techniques could be of any use to the country. The training of

technicians and engineers in trouble shooting and repairing instruments and the setting up

of an electronics workshop can be part of a technical cooperation project.

It is also desirable to establish a capability for accurate, reliable and reproducible

nuclear measurements in determining major, minor, and trace elements in samples. Use can

be made of this capability in many sectors of the economy, namely industry, agriculture,

health, environment, water resources, etc. ... The Agency can consider the possibility of

providing technical assistance to create this capability in Cameroon, as it has done in several

other countries.

4.5 GENERAL ATOMIC ENERGY DEVELOPMENT

A general development of atomic energy in a country can occur only through

manpower development and infrastructure build up.

Since no feasibility studies have been undertaken in Cameroon for the long term

introduction of nuclear power and since there is a large potential of hydropower available

in the country, the use of nuclear energy for power production will not take place in the

foreseeable future.

Training of manpower in radiation detection techniques and nuclear analytical

measurements can be of great benefit to the country.

Other developments of atomic energy should be left to the decision of the national

authorities and scientists as to when and how they should address this particular subject

according to their needs, their national requirements, their national plan, their financial and

material resources and finally their own interest in the peaceful uses of atomic energy.

Any atomic energy development requires a good preparation, advance programming

and some prerequisites that must be met before any achievement can be envisaged.

The setting up of research and development laboratories is a matter of strategy and

must be considered only if a well defined programme has been worked out with clear

objectives and priorities.
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For the next few years, organizing and starting the applications of nuclear techniques

in the various sectors and establishing radiation protection and waste management services

and regulations must be given the highest priority.

4.6 PROGRAMMING AND COORDINATION

Any impact of the peaceful uses of nuclear energy on the social, economic, scientific

as well as technological development of a country requires advance programming.

If at the early stages of the utilization of nuclear techniques and nuclear technology,

individual and voluntary approaches are permissible, the harmonious development of the

peaceful uses of nuclear energy can be of benefit only if it is well planned and if the

implications are clearly understood at all levels of the hierarchy.

Programming in itself requires a good knowledge of all possible applications of

nuclear energy as well as a good knowledge of the needs of the different sectors in terms of

production, services, research and development. The review and programming mission found

that very few people were aware of all the possible applications of nuclear techniques, and

even a fewer number of persons working in the institutions visited knew about the procedures

and possibilities of technical cooperation projects of the IAEA.

To remedy this situation, it is highly recommended that a special effort must be made

by the national authorities to introduce the different sectors in Cameroon to all possible

nuclear techniques applications. This might be achieved by organizing, with the

collaboration of the Agency, workshops on the applications of nuclear techniques in the

various sectors, with the participation of the largest possible number of persons interested in

these applications and working in the production fields, research and training institutions,

ministries and non-governmental organizations. Presentations should be given by experts from

the Agency (technical cooperation, research and isotopes, nuclear energy and safety) as well

as scientists from Cameroon. These workshops can be considered as a preparation to

programming the applications of nuclear techniques in Cameroon. This should not exclude

the possibility of having Cameroon nationals attending workshops and seminars organized

by the Agency in other countries or other regions on the uses of nuclear techniques.

The second thing that must be done is to explain through brochures that can be

distributed to the largest number of institutions and persons identified, the procedures and

possibilities offered by the Agency's technical cooperation programme.
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Finally, participation in regional training courses such as the ones previously organized

by the Agency on project design, management and evaluation can be of great help to the

national project coordinators.

As for the programming activities per se, the detailed programmes for the applications

of nuclear techniques can be elaborated by the different sectors themselves. The existence

of the Division of Research and Planning (Direction de la Recherche et de la Planification)

within the new Ministry of Scientific and Technological Research should greatly facilitate the

programming of research and development activities on the applications of nuclear

techniques. Section 12 of chapter II of decree no. 92/266 dated 29 December 1992 which

defines the organisation of the Ministry states the following:

"Section 12 :

1. Placees sous I'autorite d'un directeur assiste eventuellement d'un adjoint, la

Direction de la Recherche et de la Planification est chargee de I'elaboration de la

politique du gouvernement dans le domaine de la recherche scientifique et

technique.

A cet effet:

- elle elabore les programmes de recherche en fonction des besoins de

developpement economique, social et culturel du pays, les fait approuver et veille

a leur execution;

- elle suscite et oriente les projets de recherche dans les differents secteurs de

I'economie et de la vie nationale;

- elle assure, dans le cadre des equipes de recherches associees, la promotion des

projets de recherche - developpement au sein des institutions universitaires;

- elle suscite et facilite la cooperation nationale et internationale en matiere de

sciences et de technologie;

- elle recherche les sources de financement de la recherche.

2. La Direction de la Recherche et de la Planification comprend :

- la Division des Politiques et des Programmes

- la Division de la Cooperation Scientifique et Technique

- la Division des Ressources Humaines."
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The mandate assigned to the Division of Research and Planning and the way this

division is organized, should enable it to be the main organ for programming, research and

development activities in nuclear techniques applications. However it must be kept in mind

that it is necessary to have also programmes on the uses of nuclear techniques in the

production sector, services, treatment or diagnosis, and not only in research and

development, if we want to have, through the Agency technical cooperation projects, a real

impact on the economic and social development of the country.

Therefore, programming activities must also take place in other ministries (health,

agriculture, water, industry, energy, etc.) and institutions other than those dealing with

research and education. There Is a widespread tendency to think that the technical

cooperation projects of the Agency are meant only for scientific and technical research

and not for economic and social purposes, and other related activities. This confusion is

introduced probably because the Agency deals with the Ministry of Scientific and

Technological Research as the focal point and national coordinator for technical cooperation

with the IAEA. All these misunderstandings can be dispelled if adequate explanations are

given during the workshops proposed above to explain how to plan, design, program and

evaluate technical cooperation projects.

Programming activities should rely on a solid and well conceived organization. It does

not have to be highly structured at the beginning, but must be very flexible to adapt to the

growth of the activities. It is imperative that this organization should be manned by dedicated

persons whose stability is secured and guarantied for a fairly long period of time. There are

many schemes and models of organization that can be proposed and Cameroon can

choose any one that fits its needs and adapt it to its local conditions. In any case, the

already existing activities and the operational projects like the one on radiation protection

need to be organized immediately.

When it comes to coordinating at a national level all of the activities in the application

of nuclear techniques, there is no better choice than to set the coordination body within the

Ministry in charge of science and technology because it embraces all the possible areas of

application. However, the National Committee for the Development of Technologies (CNDT:

Comite National pour le Developpement des Technologies) can be well suited for the

coordination role only if it has a very active and dynamic secretariat and if its designated

members take their role seriously and are controlled by their respective ministries.
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However, it is necessary, right from the start, to set up adequate modes and rules of

communications with the national institutions, the Agency and the UNDP office, so that

information on all technical cooperation projects is exchanged on a regular basis.

Careful attention should be given to the role to be played by the Resident

Representative of the UNDP in programming, implementing, monitoring and evaluating

technical cooperation projects as it has been suggested by the consultative committee on

substantive questions dealing with operational activities of the UNDP.

The technical cooperation coordination is in drastic need of improvement in order to

eliminate unnecessary duplication and to increase the impact of each project, by bringing

to the country what it exactly needs - not more and certainly not less.

Manpower development through training programmes, the establishment of an

appropriate radiation protection Infrastructure, the creation of capacities for the

maintenance and repair of equipment, rational organization of all activities and the

strengthening of the programming and coordination activities should be the predominant

areas of the technical cooperation programmes In Cameroon during the next few years.
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TC PROJECT DISBURSEMENTS IN CAMEROON
BY SECTOR (1982-1991)

NUCL.PHYS.&CHEM. 38.4%

NUCL.RAW MAT. 6.7%

AGRICULTURE 22.6%

UCL.SAFETY 5.6%

INDUSTRY 4 HYDROLOGY 13.0% \
itx

NUCL.MEDICINE 13.8%



Annex 3

TECHNICAL CO-OPERATION PROJECTS IN CAMEROON
COMPLETED AND OPERATIONAL, BY SECTOR. 1982 - 1992

(As of •id-Novofcer 1992)

Sector

Completed projects

General atomic energy development

Nuclear physics and chemistry

Nuclear raw materials

Nuclear engineering and technology

Nuclear techniques in agriculture

Nuclear medicine

Nuclear techniques in biology

Nuclear techniques in industry & hydrology

Nuclear safety

TOTAL

Operational protects

General atomic energy development

Nuclear physics and chemistry

Nuclear raw materials

Nuclear engineering and technology

Nuclear techniques in agriculture

Nuclear medicine

Nuclear techniques in biology

Nuclear techniques in industry & hydrology

Nuclear safety

TOTAL

No. of
projects

-

-

2

-

1

-

-

-

1

4

-

3

-

-

2

2

-

1

1

9

Total project
allotments

$

-

-

65 600

-

21 150

-

-

-

7 200

93 950

-

359 577

-

-

218 764

672 900

-

124 512

146 050

1 521 803

Total project
disbursements

S

-

-

61 209

-

8 186

-

-

-

5 163

74 558

-

353 454

-

-

199 717

126 493

-

119 288

45 938

844 890
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GENERAL HOSPITAL OF YAOUNDE

Annex 5

MEDICAL, NURSING AND TECHNOLOGY STAFF

Number, full-time

1. Radiotherapist 2

2. Physicist 0
3. Industrial engineers ?
4. Nurses - Technicians 4

ANNUAL NUMBER OF PATIENTS

Number of new patients per year for all
types of radiotherapy 1000-1300

1. External radiotherapy 1000-1300

2. Curietherapy 0

EQUIPMENT

(a) Cobalt

- Date of installation
Maximum capacity, RHM or Ci
Manufacturer
SAD, cm

(b) Simulator

- Manufacturer
Date of installation
Type

(c) Dosimetry and radiation physics equipment

Conformer

- Computerized dosimetry

(d) Curietherapy 0

Number of rooms satisfying radiation

protection requirements 0
Total capacity, beds 0
Isotopes used 0
Date of installation 0

September 1987
8000 RHM in 1987
Alcyon CGR MeV
80

0

0
0

Remarks. The two hospitals ~ at Yaounde and Douala - have no equipment either
for conventional radiotherapy (200 kV) or for contact therapy (50 kV).



GENERAL HOSPITAL OF DOUALA

Annex 6

MEDICAL, NURSING AND TECHNOLOGY STAFF

Number, full-time

1. Radiotherapist

2. Physicist
3. Industrial engineers
4. Nurses - Technicians

ANNUAL NUMBER OF PATIENTS

Number of new patients per year for all
types of radiotherapy

1. External radiotherapy

2. Curietherapy

EQUIPMENT

(a) Cobalt

Date of installation
Maximum capacity, RHM or Ci
Manufacturer
SAD, cm

(b) Simulator

Manufacturer
- Date of installation

Type

(c) Dosimetry and radiation physics equipment

Conformer
Computerized dosimetry

(d) Curietherapy

Number of rooms satisfying radiation
protection requirements

Total capacity, beds
Isotopes used
Date of installation

2
1
2
4

850-1050

800-1000
23

April 1989
4130 RHM in 1989
Alcyon CGR MeV
80

CGR
1989

1
1
7 137Cs sources
1992

Remarks. The two hospitals -at Yaounde and Douala _ have no equipment either
for conventional radiotherapy (200 kV) or for contact therapy (50 kV).



Attachment 1

PROGRAMME OF VISITS

Monday, 21 June 1993

10:00 - Courtesy call on the Minister of Scientific and

Technological Research (MRST)

11:30 - Institute of Animal and Veterinary Research (IRZV)

14:30 - Centre for the Application of Nuclear Techniques (CATEN)

16:00 - Ministry of Mines, Water and Energy

17:00 - Central Hospital of Yaounde

Tuesday, 22 June 1993

08:00 - Institute for Medical Research and Studies of

Medicinal Plants (IMPM)

11:00 - General Hospital of Yaounde

16:00 - Courtesy call on the Minister of Public Health

Wednesday, 23 June 1993

08:00 - CATEN

09:00 - Institute of Agricultural Research (IRA)

10:00 - Prime Minister's Office

15:00 - General Discussion at Ministry of Scientific and

Technological Research (MRST)
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Thursday, 24 June 1993

Group I

08:00 - General Hospital of Douala

15:00 - Ekona Centre, Buea

Group II

09:00 - Institute of Geological and Mining Research (IRGM)

10:00 - Ministry of Mines, Water and Energy

17:00 - Meeting with Director of Scientific and Technological Research

Friday, 25 June 1993

08:30 - Directorate of Agriculture (Group I]

Pasteur Centre (Group II)

15:00 - Faculty of Science, University of Yaounde

17:00 - Summing-up Session at MRST in the presence of

the Secretary General



Attachment 2

LIST OF INSTITUTIONS VISITED AND PERSONS MET

Ministry of Scientific and Technological Research

Ministere de la Recherche Scientifique et Technique (MRST)

Dr. Jacob AYUK TAKEM

Dr. ADOUM GARGOUN

Dr. EFA FOUDA

Dr. Thomas NJINE

Mr. Menguela ETOUNDI

Mr. Blaise EFENDENE

Mr. Robert Martin NEMBA

Mr. Ngono NOAH

Mr. Bonaventure ETOUNDI

Minister / Ministre

Secretary General / Secretaire General

Permanent Secretary, CNDT /

Secretaire Permanent, CNDT

Director of Scientific and Technological Research /

Directeur de la Recherche Scientifique et Technique

Documentation Service / Service de la Documentation

Directorate of Scientific and Technological Research/

Direction de la Recherche Scientifique et Technique

(DRST)

DRST

CNDT

Food Technologist / Ingenieur-Technologue, Agro-

alimentaire

Prime Minister's Office

Services du Premier Ministre

Mr. Njomatchona Director of Legal Matters /

Directeur des Affaires Reglementaire et Legislatives

Ministry of Mines, Water and Energy

Ministere des Mines de I'Eau et de VEnergie

Mr. Effa Jean Baptiste NGUINI

Mr. J.M. BEYMDA

Mr. Samuel BETAM SONA

Mr. Nicolas NGINGI

Mr. Modeste NKUTCHET

Mr. Dieudonne SAMDA

Secretary General / Secretaire General

Director of Energy / Directeur de I'Energie

Director of Geology / Directeur de la Geologie

Officer-in-charge of new and renewable energy /

Chef de Service, energies nouvelles et renouvelables

Assistant Director, Energy Planning /

Sous-directeur, planification energetique

Assistant Director, Technical Activities /

Sous-Directeur des activites techniques



Ministry of Public Health

Ministere de la Sante Publique

72

Dr. MBEDE

Dr. Alexandre KOUDA ZEH

Minister / Ministre

Central Hospital of Yaounde

Hopital Central de Yaounde

Professor Dominique OBOUNOU

Professor Joseph GONSU

Director / Directeur

Radiologist / Radiologue

General Hospital of Douala

Hopital General de Yaound e

Dr. Jean Jacques PAGBE

Dr. Jean YOMI

Dr. A. DONG ZOK

Professor A.G. JUIMO

Radiotherapist / Radiotherapeute

Specialist in Nuclear Medicine / Specialiste en

Medecine Nucleaire

Radiologist / Radiologue

General Hospital of Douala

Hopital General de Douala

Mr. Armand ABANA ELONGO

Dr. (Mme) Marie Claire MOAMPEA

Dr. MOUELE SONE

Dr. Martin ESSOMBA

Mr. Appolinaire NGNAH

Mr. NDJOCK UPEM

Mr. VEDRINE

Ag. Director / Directeur p.i.

Medical Director / Directeur Medical

Chief Radiotherapist /

Chef du Service Radiotherapeute

Radiotherapist / Radiotherapeute

Medical Physicist / Radiophysicien

Engineer / Ingenieur

Biomedical Technician / Technicien Biomedical

Pasteur Centre

Centre Pasteur

Dr. B. ROUX

Mr. P. ARRIVEE

Mme. BILONG

Director / Directeur

Radiopharmacist / Radio Pharmacien

Radiopharmacist / Radio Pharmacien



Institute for Medical Research and Studies of Medicinal Plants (IMPM)

Institut de Recherches Medicates et d'Etudes des Plantes Medicinales (IMPM)

Dr. (Mme) Alice BELL

Dr.(Mme) Adele MANGUELE-DICOUM

Dr. (Mme) Honorine RIKONG-ADIE

Dr. FOTSO

Institute of Animal and Veterinary Research (IRZV)

Institut de Recherches Zootechniques et Veterinaires (IRZV)

Dr. John T. BANSER - Director I Directeur

Dr. Jean Ngou NGOUPAYOU - Deputy Director / Directeur Adjoint

Institute of Agricultural Research (IRA)

Institut de la Recherche Agronomique (IRA)

Dr. J. BINDZITSALA - Deputy Director / Directeur Adjoint

Dr. Nehru B. ESSOMBA - Chief, Leguminous Plant Programme /

Chef, Programmes Legumineuses

Centre for the Application of Nuclear Techniques (CATEN)

Centre d'Applications des Techniques Nucleaires (CATEN)

Dr. (Mme) N.J. FOBA

Institute of Geological and Mining Research (IRGM)

Institut de Recherches Geologiques et Minieres (IRGM)

Mr. Georges Emmanuel EKODECK Director / Directeur

Mr. Augustin SIMO - Deputy Director, Centre for Hydrological Research /

Directeur Adjoint, Centre de Recherches

Hydrologiques

Ekona Centre - Buea (IRA)

Centre d'Ekona - Buea (IRA)

Dr. Manfred BESONG - Deputy Director / Directeur Adjoint

Mr. Thierry CHAPUSET - Consultant / Co-operant
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UNDP Office

Bureau du PNUD

Mr. Michel BAUMA - Deputy Resident Representative /

Representant Residant Adjoint

Mme Eva JOHANSSON - Programme Officer / Charge de Programmes

Mr. Aly BOLY - Programme Officer / Charge de Programmes

Faculty of Science, University of Yaounde

Faculte des Sciences, University de Yaound i

Dean / Doyen

Head, Physics Department /

Chef, Departement de Physique

Dr.

Dr.

Others

Autres

Mr.

Robert

Handt

Martin

ROUX

BISSECK

MPANA - Director, Specialised Agency, Ministry of

Foreign Affairs / Directeur des Institutions Specialisees

au Ministere des Relations Exterieures

Dr. Etienne LOTCHOUANG - National Veterinary Laboratory (LANAVET) /

Laboratoire National Veterinaire de Garoua (LANAVET)


