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Abstract

Most of researches and developments in the field of radiation technology that have

completed in a decade before 1995 were concentrated to sterilization and food irradiation.

A series of medical devices and products were the main commodities for research and

application trials. Also, many kind of food have attracted the scientists and technologists

to investigate the application and commercialization of irradiated food. In addition, the

radiation technology also was utilized for processing of non-food items including herbs,

medicinal produces, and tobacco material. Since 1996 VAEC and INST has realized the

important role of radiation processing on natural polymers. Hence, along with the

commercialization of radiation technology, three research teams were established for the

target. This report reviews the recent activities and achievements on radiation technology

in the country emphasizing on the radiation processing of polysaccharides. A number of

polysaccharides, which originated from bio-/agro-wastes such as seaweed, shrimp shells,

lignocelluloses, was modified or degraded by irradiation to prepare hydrogel and bio-

active material using for health-care and crop production.
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1. VAEC and the development of radiation technology

Most of research items, which related to application of isotopic and radiation

techniques, were conducted in three institutes of VAEC, namely Dalat Nuclear Research

institute (DNRI), Center for Research and Application of Radiation Technology
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(CRART) in Ho Chi Minh city, and Institute for Nuclear Science and Technique (INST)

in Hanoi. Within the country VAEC is the only institution, whose manpower is crowded

with scientists specified in nuclear science and technology. For its effective operation

VAEC has a important policy to establish cooperation with other institutes and end-user

institutions. For example, VAEC has good link to many universities in the field of

education and training, to specified institutes for research and to factories and private

sector for technology application and transfer.

Radiation technology in Vietnam was taken off from 1983 when a research cobalt

irradiator of 16.5kCi was established in DNRI. There, Radiation Technology Department

and Radiation Biology Department are the key units that exploited the radiation source,

have carried out a series of studies, such as: radiation sterilization, wood - polymer

composite manufacture, food preservation, radiation mutation breeding. The advanced

technology of radiation vulcanization of natural rubber latex was established and

implemented firstly in DNRI. The achievements of this stage were the convincing

consumers in radiation sterilization and insect disinfestation, and preparation of the

background to transfer the technology in to industry.

2. The Hanoi Irradiation Center — A demonstration of radiation technology in

Vietnam

Under IAEA TC Project VIE/8/004, a semi-commercial Cobalt facility was set up

in the Hanoi Irradiation Center (HIC) in 1991. The facility with activity 110 kCi at the

first loading has played an important role to implement the R-D programs during 1991-

1995 for development and then for commercialization of radiation technology. Food

irradiation as the main purpose at beginning, so this subject was under extensive

operation. At present, the application and development of food irradiation, however, is

evaluated to require further enhancement of the regional and international regulatory

harmonization. A remarkable amount of medicinal herbs have been irradiated for

microbial and insect control. Sterilization of different surgical plastic/rubber items has

been successfully tested. Achievements of this program have been overviewed in Ref
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The following data of health-care product sterilization as illustrative example

shows the commercial operation in Hanoi Irradiation Center last year: surgical gloves

(120 m3), surgical catgut (80,000 units), tissue graft, medicinal herbs (100 m3), bandage

set (50 m3). Sterilization of medical products has turned to an industrial opportunity.

Under the IAEA TC project VIE/7/004 and the Regional cooperation project

RAS/7/008, a bank of tissue grafts for health care has been established and being

operated effectively. For sterilization of tissue grafts of the bank, only gamma irradiation

has been being used. For 1991 - 1999, 36,000 bio-membranes (amniotic, from frog and

pig skin) and 4,800 allograft bones have distributed to 20 hospitals and contributed to

rescue 1,350 burn patients, and grafted more than 1,000 patients. Recently, radiation

sterilization of deep frozen massive bones also are available in the bank.

A part of time is delivered to research such as: glass coloring for decoration,

pasteurization of selected agro-wastes for cultivation of high quality mushroom,

formulation of radiation resistant polymers, etc. An advanced research undergoing is

radiation degradation of natural polymers, being detailed below in the point 4.

The average operating time of the Hanoi Irradiation Center achieving 3,500

hours/year in the period 1996-1998 without any trouble, and it reached 4,600 hours in

1999. Experience from extensive practical activity convinces the skill of operators and

operating staff, who enable for training and transferring the technology to industrial scale.

In fact, specialists from Hanoi Irradiation Center have taken an active part in the project

designing and construction of the commercial irradiation facility located in HCM city.

3. The Center for Research and Application of Radiation Technology and

commercialization of radiation technology in Vietnam

To meet the rapid growth of domestic production of medical products, a second

irradiation center with a commercial scale (400 kCi of cobalt-60 at first loading) was

established in HCM city in 1998 serving for industrial sterilization of the medical

products and commercial test of the food preservation. For illustration we list some

significant items tested in the Center for Research and Application of Radiation

Technology (CRART) in recent months from March 1999 to June 2000: 560m3 of

medical products (surgical gloves, bandages, clinical tools, microbiological tools), 320m3

- 2 4 9 -



JAERI-Conf 2001-005

of Pharmaceuticals (powder and pellets, products and semi-products of medicinal herbs),

hundreds tones of different foodstuff (frozen and dried seafood, dried meat, tea, spices).

There is a significant demand of the cross-linked polymers in the Country,

including wire and cable, and shrinkable packages used in food industry and in medicine

which calls for the next application of electron beam technology.

Along with the expanding the capacity of CRART, the Hanoi Irradiation Center

is also expected to be upgraded by the Government with an IAEA support under the

newly approved TC project VBE/8/014 for 2001-2002 . Beside of sterilization of non-food

products, food irradiation would be promising in near future. Preservation of food and

medical herbs are very specific for tropical countries including Vietnam. The radiation

quarantine of fresh vegetable and fruits is an important tool for supporting import/export

when Vietnam starts joining to the regional free market.

4. A new trend - research on radiation processing of natural polymers

The need of environment-friendly products for sustainable development calls the

regional countries to cooperation in a new R-D program for application of natural

polymers. Rubber latex is a classical example of natural polymers with high capability in

the Region. Following the pioneer research of Japanese scientists, since 1987, Nguyen

Quoc Hien et al. [2] has been carried out research on radiation vulcanization of natural

rubber latex (RVNRL) in a continuous support of IAEA and the Regional cooperation.

Recently, supported by a Regional research cooperation project this group has improved

the aging properties of RVNRL by using natural antioxidant which made from hair

keratin by hydrolysis in alkaline [3]. Tran Tich Canh et al. [4] are pioneers in Vietnam to

study radiation modification of natural polysaccharides for immobilization of bioactive

substances. Pre-irradiation grafting of acrylamide onto starch has been studied, for

example, at low temperature by a dose of 5 kGy, that 10% concentration of acrylamide

grafted onto solid state of starch achieves 30-40% grafting efficiency. In the recent

bilateral and regional cooperation, Vietnam has a commitment to enhance the research on

radiation processing of marine polysaccharides which are suitable for Vietnam, as a

tropical country with more than 3,000 km sea coast.
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5. Radiation modification of cfaitosan/cfaitin

Radiation grafting hydrophilic monomers onto chitin has been carried out by

Nguyen Anh Dzung et al. [5] to modify its hydrophobia. The grafted products, based on

chitosan as well as starch have been used for immobilization of enzyme, for example,

trypsin. The bio-activity is proved stable with increase of the grafting efficiency.

Radiation cross-linking has been studied [5] to preparing chitosan-HEMA

copolymer, following the procedure for formulation of interpenetrating network

hydrogel. The radiation crosslinked chitosan-HEMA copolymer gels have a smooth and

stable surface improving its mechanical property. The product is suitable for bio-medical

applications, such as for wound dressing which now widely succeeds in the burn

treatment.

6. Degradation of chitin/cfaitosan and alginates

Le Xuan Tham et al. [6] and Nguyen Duy Lam et al. [7] studied the radiation

degradation of chitin/chitosan, which extracted from shrimp and crab shell. The

following experiments with degraded chitosan in cultivation of plant have shown a

positive effect of growing rate of rice plant in soil polluted with salt and heavy metal.

This seems to prove the enhanced bio-activity of irradiated chitosan, which prevents the

absorption of salt and harmful metals such as vanadium and zinc.

Kieu Ngoc Lan et al. [8] is carrying out the study on application of degraded

chitin/chitosan for coating fresh fruits to extend the self-life of mango. The enhancement

of anti-fiingal activity of irradiated chitosan using for fruit coating is to be reported in this

symposium by Tran Bang Diep [9],

Degradation of alginate extracted from brown sea-weed Sagassum has been

studied by Nguyen Quoc Hien et al. [10] applying to learn effect on growth-promotion of

plants in green house condition. Preliminary result shows a clear correlation of the

growth-rate and the concentration of applied alginate in a range from 20 to 200 ppm.

Next steps of progress will be reported in the present symposium by Le Hai [11].
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7. Agro-waste treatment

The regional cooperation encourages a research program on radiation processing

of agro-wastes, which would contribute, to the environmental conservation and

improving the rural living standard. In this trend, it is important to select a right agro-

waste item and the goal of technology to get economic benefit. Nguyen Manh Hung et

al., in cooperation with the Institute for Agricultural Genetics [12] carried out research

with the aim of using radiation treatment instead of autoclaving for sterilization of

substratum in spawn seed production encouraging a National project for

commercialization of mushroom cultivation. Nguyen Duy Lam et al. [13] have developed

an advanced procedure in radiation pasteurization of sugarcane bagasse used for fungal

fermentation. Final products, which are to be expected, are feed for ruminant and edible

mushroom. By in sacco test for digestibility, the nutritional value of fermented bagasse is

clearly increased.

Application of radiation technology for treatment of agro-wate waste have been

widely studied. However, if the radiation is to have a role as practical method of treatment

for agro-waste, lower doses than those currently necessary must be achieved for the

process to have commercial feasibility. In fact, limit of practical application of radiation

in this field still remains on substratum sterilization for fermentation with radiation dose

more than 10 kGy. The radiation treatment for lignocellulosic materials will also be more

prospective if it can produce certain bio-active substances that may have some

physiological impacts on plant life. Extracts from lignocelluloses including bagasse and

oil palm fiber after radiation treatment posses a number of biological activities. Some

certain substances may induce higher defensive response in plant. Other substances can

make seeds dormant [14]. The extracts applied at lower content may promote plant's

growth rate and obviously support them to tolerate environmental stresses [15].

S. Regional and bilateral cooperation

Vietnam being a member of the Regional Cooperation in the field of radiation technology

for the last decade (RAS/92/073) was taking active part in harmonization of food

irradiation and carrying out cooperative research program on radiation processing of

natural polymers. Vietnam and Japan have just enhanced the cooperation by signing the

bilateral cooperative agreement between VAEC and JAERI aiming for the first 3 years

(2000-2002) at the research on radiation processing of marine polysaccharides. The
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achievements in these new trends should be developed more extensively to get the

commercial application. The Radiation Technology can contribute its potentials as

another new possibility opening for agriculture and for agro-waste management towards

the environment-friendly sustainable development.
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