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[bookmark: _Toc288897306]At WWR-c reactor of Karpov Institute of Physical Chemistry, Obninsk, the following radionuclides for medical use are produced: 
99Мо, 125I, 131I, 135Xe, 153Sm, 59Fe. 

Also there is a production of other radionuclides at WWR-c reactor, including radionuclides for scientific research and development or for non-repeat orders. However, there is no great demand for the other medical radionuclides to be produced at the reactor. 

At present the most crucial task is to increase the production of one of the most high-demand radionuclides 99Мо for diagnosing of oncological diseases. Due to failure of starting two 99Мо reactor-generators in Canada, the lack of this isotope has appeared [1]. This fact significantly raised the chances of Karpov Institute to stand with Russian 99Мо on the world market. That is why the task to increase the production of the above mentioned radionuclides and generators on their base with simultaneous properties improvement is an important economic goal. 

Experience of 99Мо production at WWR-c reactor.  
 	 
In 1983 Karpov Institute accepted a challenge to set up 99Мо production. One channel at reactor core periphery was selected for that purpose. After the force-cooled channel was designed and target design in 1985 the first batch of 99Мо was produced. The volume of 99Мо production was about 20 Ci per week [2].

In 2002 the target was modified and the number of targets in the channel was raised up to 4 pieces. Also the procedure of target processing was optimized and the coefficient of 99Мо radiochemical release was increased from 60 up to 85 %. Thus, the channel capacity for 99Мо production grew up to 30 Ci per week. This production capacity was enough for the full cover of Russian hospitals in existing 99Мо demand.  

At the end of 2008, one additional channel was installed in cell 8-1 of WWR-c reactor core that allowed to double the 99Мо production starting from 2009. Thus, starting from 2009 Karpov Institute could produce both 30 Ci per week (commercial) required for local hospitals and up to 50 Ci per week of 99Мо for export shipments. Since 2012 two more channels have been installed.  This allowed to double the existed production of 99Мо. In 2015 the current volume of 99Мо production is 200 Ci per week (commercial). The potentiality of 99Мо production at WWR-c reactor went up to 400 Ci per week, what is to be realized after the advancement of the radiochemical process. In 2016 it is intended to perform the production modernization (irradiation, radiochemical release).

During the mastering of 99Мо production at Karpov Institute there were developed and tested several target designs. The design “shell-in-shell” besides performing the key requirements for the working in the reactor was also focused on the friendliness of its processing in a hot-chamber. The target design happened to be efficient and did not changed significantly throughout 99Мо recovery period at Karpov Institute. The only thing that changed was the loading quantity of uranium and the composition of the diluent component. To increase the volume of 99Мо production it was necessary to increase uranium quantity in the target. As maximum capacity of uranium loading into “shell-in-shell” target equals to 5 g, it was proposed to use next target design – “cylinder-in-shell”. Preliminary estimates showed that due to improvement of heat removal the maximum capacity of uranium loading into “cylinder-in-shell” target was about 8 g. That allowed to increase 99Мо production half as large again. Besides the enlargement of 99Мо recovery that target design was also intended to fulfill other important tasks that could raise the target effectiveness, such as exception of a situation when “dirty” water from reactor transferred to a hot-chamber together with a target. 

At present the further modernization of target design is being performed. Fundamentally new target with direct-flow cooling has been developed. The target with direct-flow cooling is a tubular design with a water pass-through for better heat removal. Between two (internal and external) tubes the mixture of 235U and zinc oxide is placed. Maximum two targets can be placed in a channel simultaneously. 
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As of today Karpov Institute produces 100 – 130 generators with different nominal activities weekly. 

In order to decrease the possibility of human mistakes  during the process of generators loading and to increase their quality and also according to the new GMP requirements for drug manufacturing, Karpov Institute decided to optimize Karpov generators production by changing manual loading to automatized one. The new production line shall correspond to the following main requirements: 
1. Automatic operation with minimal operator intervention;
1. Production volume should equal to 200 generators per week;
1. Production equipment shall be installed in rooms which correspond to GMP requirements. 

During 2007 – 2009, one of Karpov Institute buildings was refurnished to construct “clean” rooms with production line for automatized loading of molybdenum-technetium generators under GMP (Good Manufacturing Practice) standards.  

In 2013, the installation of the major equipment was finished and pre-commissioning activities were performed [3]. At the beginning of 2015 the cold startup of the line was performed.  Karpov Institute together with the engineering company trains the Institute’s specialists in the field of loading of molybdenum-technetium generators. The estimated period of commercial commissioning of this facility is 2015 year. As of today the specialists undergo training on working in compliance with GMP standards.

At present the development of the project on the conversion of additional buildings of the Institute to manufacture other radiopharmaceuticals under GMP standards is in progress at Karpov Institute.

At Karpov Institute a huge work is being done to advance existing technologies of radiopharmaceutical production and to develop a new ones. 

Radiopharmaceutical meta-iodobenzylguanidine (MIBG) with radioiodine is one of the most effective preparations for diagnostics and therapy of adrenal functional diseases. 

The use of fission radioiodine I-131 allows therapy of such malignant diseases as:
· children's neuroblastoma; 
· pheochromocytoma;
· medullary carcinoma of thyroid and associated metastases.

In the field of therapeutic radiopharmaceuticals, under order of Rosatom State Corporation Karpov Institute in conjunction with Institute of Nuclear Research of the Russian Academy of Sciences and Department of Chemistry of Moscow State University performs the works on development of technology for recovery of alpha-emitting isotope of actinium, Ac-225, and its daughter isotope bismuth, Bi-123, from thorium target, Th-232. According to experts, radiopharmaceuticals based on Ac-225 isotope and its daughter nuclides are the future in the therapy of malignant tumors. The ultimate goal of this work is to develop Ас-225/Вi-213 generator.

At present the development of a fundamentally new class of radiopharmaceuticals based on heat-sensitive self-collapsing systems for brachytherapy is almost completed. These new radiopharmaceuticals allow to administer the oncology therapy by a method of local influence of radioisotopes on a tumor. The developed preparation allows administration of radioisotope directly into a tumor and holding it in a tumor for obtaining the better therapeutic effect without significant damages of surrounding healthy tissues. The effect happens due to microcapsulation of low-viscous solution which is injected with an ordinary needle. “Intelligent” water-soluble polymers are capable to respond to a changing of surroundings properties and form a close-packed gel with radioisotope inside at the place of a tumor location. This gel with radioisotope affects cancer cells and causes their death.  
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