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Abstract

Radiation processing, one of the well established applications of radiation and

radioisotopes, has been successfully integrated into the industrial development of many

countries worldwide. Environmental considerations embodied in the Montreal Protocol,

the need for energy conservation brought about by escalating costs of fossil fuels, and

the bright prospect of utilizing indigenous materials for value-added products have

catalyzed the rapid development of radiation processing in the Asian region.

This paper presents an overview of current developments in research activities and

commercial applications of radiation processing in the Philippines. The areas of

application include radiation sterilization of medical products, food irradiation, radiation

vulcanization of natural rubber latex, radiation modification of the marine

polysaccharide, carrageenan, and upgrading of cellulosic agriwaste by irradiation.

Presented at the Takasaki Symposium on Radiation Processing of Natural Polymers,

Takasaki, Japan, 23-24 October 2000.
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1. Introduction

R & D activities in radiation processing commenced in the mid 1960's with experiments

on radiation sterilization of medical products, wood plastic combination, and food

irradiation. Some notable results of the early experiments included wood plastic

combinates of lower quality wood with monomers, the requisite doses for the radiation

sterilization of medical products, Pharmaceuticals, and tissue grafts, and the radiation

doses for the preservation of food products.

To introduce and demonstrate radiation technology to the local industry, the Philippine

Nuclear Research Institute (PNRI), with the technical assistance of the International

Atomic Energy Agency (IAEA), established a multipurpose gamma irradiation facility

(Fig.l). It is a batch type irradiator, a Gammabeam 65IT, from Nordion International

Co., Ltd. and it was commissioned in 1989 with an initial loading of 1 PBq 60Co.

Presently, the facility has a total 60Co loading of 4.4 PBq [1]. Results of dose

intercomparison of PNRI with the International Dose Assurance Service (IDAS) of the

IAEA for the past 10 years show that the dose measured by the PNRI Fricke dosimeters

agrees to within ± 1.7% of the IDAS estimated dose, while the dose measured by the

PNRI ethanol chlorobenzene (ECB) dosimeters is in agreement within ± 4.4% with that

of alanine of IDAS (Table I).These intercomparison studies have shown the reliability of

the dosimetry system of PNRI using the Fricke and ECB dosimeters [2].

The multipurpose irradiation facility is designed for research and pilot scale studies.

Though in a limited scale, some local industries are using it for the sterilization and

decontamination of their products. Indeed, the availability of the irradiator has provided

the impetus for the development of radiation processing in the country and for the

transfer of the technology to the local industry. The areas of application presently being

pursued using the irradiation facility are radiation sterilization of medical products, food

irradiation, radiation sterilization of tissue grafts, radiation vulcanization of natural

rubber latex, radiation modification of carrageenan, and agrowaste irradiation.

Food Irradiation

Current activities on food irradiation are focused on rice and corn, meat and seafood

products, mangoes and spices. Table II presents the level of disinfestation of stored rice

as a function of dose. A radiation dose of 0.5kGy was found effective for the

disinfestation of local varieties of rice and corn [3]. A shelf-life extension of three
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months for rice and five months for corn was obtained. As shown in Fig. 2, the overall

sensory acceptability of milled rice was not affected significantly by a dose of 0.5 kGy.

Radiation treatment can prevent about 20% - 30% loss by infestation in these important

food products. The National Food Authority (NFA) which operates stored grain

warehouses in various regions of the country, and which collaborated with PNRI in this

study, is keen in applying radiation disinfestation in its operations.

The increasing incidence of food-borne diseases has become a serious problem of the

food industry as it impacts on food safety and public health. The Filipino consumers

have been steadily acclimatized to consuming processed foods, hence increasing the risk

of contracting food-borne diseases. The effect of irradiation on processed foods such as

hotdogs and squid balls was investigated [4]. Results showed that, in the case of hotdogs,

a radiation of 2.0 kGy reduced the total microbial load by 2-3 log cycles, and the

organoleptic qualities of the product did not differ significantly from the non-irradiated

product. A radiation dose of 4-6 kGy reduced the microbial load of squid balls by 2-3

log cycles. The organoleptic qualities of the irradiated product did not differ significantly

from the control. Thus, irradiation offers an alternative cold decontamination treatment

for foods that are to be marketed raw or are minimally processed.

The recurrent outbreaks of toxic red tide Pyrodinium blooms in the Philippines have

caused not only a number of mortalities but also economic losses to the coastal fishing

industry particularly in the cultivation of green mussels. Post harvest treatments such as

thermal processing, depuration did not eliminate or reduce the toxicity of contaminated

mussels [5],[6]. Radiation treatment was employed in detoxifying the red tide toxin.

Radiation resistance of the paralytic shellfish poisoning (PSP) toxins was determined by

subjecting the semi-purified toxin extract as well as the shellstocks of green mussels to

various doses of irradiation. The PSP toxin concentration was determined by the

standard mouse bioassay. Results showed that Dio values depend on the initial PSP toxin

concentration. The Dio of samples with initially high levels of PSP toxin are lower than

those of samples with initially low values of PSP toxin. Thus, the former have Dio values

of 28 kGy in shellstocks and 18 kGy for the semi-purified toxin. While the latter have

Dio values of 55 kGy in shellstocks and 43 kGy in semi-purified toxin extract. These

data indicate that the redtide toxin can be detoxified by irradiation.

The Philippines has previously established the quarantine dose for the oriental fruit fly.

In view of recent claims that there are two species of fruit flies in the Philippines,
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namely, Bactrocera philippinensis and Bactrocera occipitalis, the probit 9 experiment is

being repeated for each species.

Spices are routinely irradiated on a semi-commercial scale at the multipurpose

irradiation facility. Test marketing of irradiated onions have been conducted with

positive results.

The Philippine Bureau of Food and Drugs, in cooperation with the PNRI has drafted an

administrative order prescribing the regulations for food irradiation. These regulations

are based on Codex Alimentarues and patterned after the model harmonized regulations

of food irradiation for Asia and the Pacific which was adapted by the ASEAN Ministers

of Agriculture and Food through the ASEAN ad hoc Working Group on Food

Irradiation.

Radiation Sterilization of Tissue Grafts

The Philippines currently maintains two tissue banks, one for bone graft at the

University of the Philippines, Philippine General Hospital (UP-PGH), and one for

human amnions at the PNRI. Both tissue banks use radiation to sterilize the tissue grafts.

One private hospital in Metro Manila is seriously planning to set up its own tissue bank

initially for bone grafts.

The three-year experience of the PNRI in the production of radiation-sterilized human

amniotic membranes for clinical applications have shown encouraging results [7]. The

amnions are collected from the cooperating hospitals, processed, and sterilized with 25

kGy. The blood samples taken from the donors are tested for hepatitis and HIV viruses.

From a total of 950 blood samples, about 2% were positive for hepatitis virus. There was

no incidence of HIV virus in the total samples analyzed. Samples positive for hepatitis

virus were not included in the routine processing of the amnion membranes.

Clinical trials conducted by various surgeons have shown the effectiveness of the

radiation-sterile amnion dressing in terms of its ability to reduce pain and increase the

rate of healing. For 2nd degree burns, good appearance of the wound was observed after

seven days of dressing. In club-foot surgery patients, the wounds have shown complete

healing four weeks after surgery. Moreover, epithelialization was achieved within two

weeks, and the new skin formed had a smooth texture. In patients with 3rd degree sacral

pressure bedsores, the reported success rate of healing for deep wounds was from 15 to

80% after one month of application of the amnion dressing. Fig. 3 and Table II present
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the clinical applications of the amnion dressing for bums, 3rd degree sacral pressure

sores, bedsores, and open wounds of club-foot surgery patients.

Radiation Vulcanization of Natural Rubber Latex

Earlier studies have shown the suitability of the natural rubber latex from Mindanao to

radiation vulcanization [8]. The Philippine latex is compatible with RVNRL. The cast

films from irradiated latex have good mechanical properties which remain within

acceptable limits even after storage of 12 months. The current investigation has been

focused on natural antioxidants for RVNRL. Several natural products were tested for

their ability to prevent or reduce the oxidative degradation of radiation-vulcanized

natural rubber latex [9]. Non-water soluble amino acids such as cystine, asparagine and

alanine have good anti-aging effect on RVNRL. Keratin from chicken feathers has a

good potential as a natural antioxidant for RVNRL (Table III). Tocopherol, lignin,

peroxidase, and polymer-grafted RVNRL proteins did not exhibit any anti-aging

properties on RVNRL.

Radiation Modification of Carrageenan

Carrageenans are sulfated anionic polymers which comprise the main structural

polysaccharides of red seaweed (Rhodophyceae). They are composed of D-galactose

units linked alternately with a-1,3 and P-1,4 linkages.

The Philippines is one of the major producers of carrageenan, primarily of the kappa-

and iota-types. Several studies have been undertaken with the objective of preparing

new products from the degradation of carrageenan by radiation ,and the synthesis of new

products from the interaction of carrageenan with monomers and polymers via radiation

crosslinking/graftmg.

Hydrogels with varying compositions and properties were prepared from carrageenans

and the monomers, N-vinyl pyrrolidone and N-isopropylacrylamide [10]. Another set

of hydrogels were prepared by irradiating gels of carrageenans with the polymers

polyvinylpyrrolidone (PVP) [11] and polyethyleneoxide (PEO) [12]. These hydrogels

were characterized with respect to their gel fraction, tensile strength, and swelling

behaviors. Effects of temperature, ionic strength, and pH on the swelling properties of

the hydrogels were studied. Results showed that the kappa-carrageenan (KC) and the

iota-carrageenan (IC) increased the physical and mechanical properties of the hydrogels.
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The PVP and NiPAAm-based hydrogels demonstrated strong volume phase transition

changes with temperature and pH while the PEO-based hydrogels did not. The

carrageenan/PVP hydrogel has been successfully tested clinically as wound dressing .

The hydrogels were applied to 20 donor sites of a split-thickness graft (Fig.4). The

hydrogel dressings were found to be comparable to the commercially available

hydrocolloids that were applied also to the grafts. Healing took place within 7-10 days.

The hydrogels were transparent which enabled the doctors to observe the healing process

without disturbing the wound. According to the patients, the carrageenan hydrogel

dressing had a cooling effect, and decreased the pain significantly.

The KC and IC irradiated at 100 kGy induced weight gain in rice seedlings and bok-

choi vegetable. This effect may be attributed to the absorption of the degraded

carrageenan by the plant [13].

Other applications of the radiation-modified carrageenan are presently being pursued.

Upgrading of Sugarcane Wastes by Radiation

The sugar industry generates an estimated six tons of cellulosic sugarcane wastes per

annum. These are being utilized as fuel for the sugar mills and as organic fertilizers.

However, a great quantity of these wastes are either burned or dumped in the

environment causing environmental pollution. In order to address this problem, the

PNRI, the Sugar Regulation Administration (SRA), and the Bureau of Animal Industry

(BAI) have collaborated to undertake this project on upgrading sugarcane wastes to

useful products. The project aims to convert sugarcane wastes to value added products

such as substrates for the growing of mushrooms and as animal feeds. The potential use

of sugarcane wastes as substrate for the growing of mushrooms is rather high in view

of the fact that the current demand for mushrooms in urban areas is more than the

current supply at four tons/day. On the other hand, the total imported feed ingredients

grow annually at 17-25%.

Initial work [14] has been conducted by irradiating one batch of ground fresh sugarcane

bagasse as well as mudpress, and autoclaving another batch at 121°C, 15 psi for 40

minutes. These were inoculated with the mushroom spawn seeds (Pleurotus sajur caju

and P. florida) obtained from commercial mushroom growers. Microbiological

evaluation indicated that 15 kGy reduced the bacterial load by 3 log cycles (108 cfu/g to

105 cfu/g). The physico-chemical evaluation showed that the crude protein content was
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higher in the irradiated batch, but the crude fiber content was decreased compared to the

autoclaved batch. The average total number of flushes and the total number of umbrella

produced were the same in both irradiated and autoclaved batches. Further experiments

are presently being conducted to verify the earlier results.

The PNRI has included this project under the Department's flagship project on clean

technologies and on assistance to the poor . The success of this project will redound to

greater benefit for the marginal laborers in the sugar industry as the products from the

sugarcane wastes can extend the income of the laborers.

Radiation Sterilization Of Medical Products

The local medical and pharmaceutical industry has adopted the technology albeit in a

limited scale due to the limitation of the existing irradiation facility. The medical

products that have been irradiated in the multi-purpose irradiation facility include rubber

gloves, empty aluminum tubes, empty gelatin capsules, empty plastic bottles, orthopedic

implants and cosmetic raw materials, carrageenan powder.

In a technology park south of Metro Manila, Terumo Philippines has recently established

a syringe plant with 10 MeV electron beam facility for in-house radiation sterilization,

construction of the plant started in October 1998 and operation commenced in the early

part of 2000. It is expected that their products will be mostly for export.

Conclusion

Results of over 30 years of R&D clearly show the relevance and adaptability of radiation

processing as a tool for technological and socio-economic development of the Asian

region. The Philippine experience further shows the importance of the requisite facility

in nuclear technology. A commercial facility is now imperative to bring about full

transfer of technology to the local industry.
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To meet the present and future
demand of industry and to promote
wider application of clean
technologies with the use of
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At present, the PNRI, the National
Development Company and the
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