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1. INTRODUCTION 

Radiation processing is being used on commercial basis in India since 1974 with the operation of 
ISOMED plant for radiation sterilization of medical products and Electron beam machine (ILU-6) in 
1986. Since then many new products and processes have been investigated and some of them have 
culminated into useful applications. Many Indian industries produce and process natural polymers for 
local consumption and export. India exports about 120,000 tons of polysaccharides every year. Natural 
polysaccharides like guar gum, gum acacia, gum tora, agar, psylium husk etc are treated with gamma 
radiation mainly for controlling microbial contamination and sterilization. Radiation processing has also 
been used to reduce molecular weight of the polysaccharides in some applications. Recently, a few new 
applications have emerged where natural polysaccharides are used as additives and which play important 
role in controlling basic radiation chemistry reactions to produce useful products. Developed at BARC, 
radiation processed wound dressings, superabsorbent materials and low molecular weight chitosan are the 
products which have been used and could find potential applications in health care and agriculture sector.  
Radiation processed hydrogel wound dressings containing natural polysaccharides have already been 
commercialized. Some of the applications recently developed at BARC using natural polymers are briefly 
described below. 

 

2. PVA-POLYSACCHARIDES HYDROGEL WOUND DRESSINGS (HDR) / HEALTHCARE  

Use of hydrogel dressing is one of the desirable treatments for burns and ulcers. These dressing are 
normally produced by chemical methods which involve use of synthetic chemical initiators, preservatives, 
antimicrobials and other toxic chemicals. In radiation formation of HDR, an aqueous solution of polyvinyl 
alcohol (PVA) containing natural polysaccharide is exposed to gamma radiation at 25 kGy to produce 
sterile, elastic, transparent and mechanically strong HDR (1-2). Pure PVA aqueous solution, when 
exposed to gamma radiation at normal sterilization dose of 25 kGy, forms brittle hydrogel which are 
impractical for use as dressing. Moreover, the unreacted PVA has to be washed out and to be sterilized 
before use. In the present method of production of HDR, sterilization and gel formation are achieved in 
single stage irradiation process using natural polysaccharides. Natural polysaccharides have been observed 
to bring desirable characteristics to the HDR. Presence of polysaccharides like agar and carrageenan in 
formulations significantly affect mechanical properties and water absorption properties of HDR. These 
changes have been attributed to variation in the degree of crosslinking and network structure during 
irradiation brought about by the use of the polysaccharides. PVA mainly crosslinks and polysaccharides 
form interpenetrating network structure with PVA The extent of gelling power of the mixture of 
polysaccharides, charge on the polysaccharides and their high affinity for water in the formulation brings 
desirable characteristics to the dressing and eliminates use of synthetic plasticizers and humectants. 
Besides burn, these dressings have been observed to heal difficult wounds like leprosy, diabetic ulcers, 
bed sores and post surgical wounds.  The dressings flatten fresh scars and are very useful on donor areas 
in plastic surgery. Burn injuries from firework, chemical, petrol, electrical appliances, road accidents, etc. 
can be treated using the HDR. The dressings can also be used on infected wounds by absorption of iodine 
from iodine solution (tincture of iodine etc.) as and when required. Other water soluble drugs could also 
be absorbed in the gel dressing and then applied to treat other skin indications. PVA is biodegradable and 
forms CO2 and water on incineration, helps in environment friendly disposal of the dressings after use. 
These dressings are now available under the brand name "Hi-Zel"(website: www.absmedicare.com). 
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Recent development to these dressing has been the use of nanotechnology to impart antibacterial 
properties to the dressing by in-situ generation of silver nanoparticles using radiation processing. 
Polysaccharides play an important role in stabilization of these particles as well as to their transport to the 
wound site. Modification of these polysaccharides by way of degradation and crosslinking and use in the 
product could bring diverse variations to the product property which could be possibly utilized for some 
applications.  Some of these properties are being explored at our laboratories. 
 
3. SUPERABSORBENT MATERIALS 

Superabsorbent polymers can absorb very large amount of water and retain it even under pressure. These 
materials can absorb water many hundred times their dry weight. Due to their unique characteristics, they 
have found lot of application in personal hygiene products, agriculture and other specialized areas like 
controlled drug delivery system. Synthetic, semi-synthetic, or natural polymers are used separately or in 
combination for the synthesis of Superabsorbent polymers. In general, the Superabsorbent polymers have 
a structure in which water soluble polymers are made insoluble by some means of crosslinking. Carboxyl 
methyl cellulose (CMC) is an important water soluble derivative of cellulose. On exposure to high-energy 
radiation in aqueous solutions, it undergoes degradation. However, its irradiation in presence of monomers 
like acrylic acid (70% neutralized with NaOH) leads to the formation of three dimensionally crosslinked 
network structure that can absorb large quantities of water (about 460 g/g of dry gel) and thus act as a 
superabsorbing hydrogel. The effect of various additives such as divalent and trivalent metal ions, 
surfactants, organic molecules like urea and co-monomers such as hydroxyethyl methacrylate (HEMA) 
etc. on water absorbency were investigated. The results of all these experiments have shown that 
maximum water absorbency (800g/g) is obtained when surfactant such as Triton X-100 is incorporated 
into gel.  This gel is at par with its properties when compared with the superabsorbent gel loaded in 
commercial diapers.   
 
In another independent development work on superabsorbent, a series of superabsorbent hydrogels were 
prepared from carrageenan and partially neutralized acrylic acid by gamma irradiation at room 
temperature (3). The gel fraction, swelling kinetics and the Equilibrium Degree of Swelling (EDS) of the 
hydrogels were studied. It was found that the incorporation of even 1% carrageenan (sodium salt) 
increases the EDS of the hydrogels from ~ 320g/g to ~ 800g/g. Thermal analysis were carried out to 
determine the amount of free water and bound water in the hydrogels. Under optimum conditions, poly 
(acrylic acid) – carrageenan hydrogels with high gel fraction (~80 %) and very high EDS (~800g/g) were 
prepared gamma radiolytically from aqueous solution containing 15 % partially neutralized acrylic acid 
and 1 to 5 % carrageenan. The hydrogels were also found to be sensitive to the pH and the ionic strength 
of the medium. In early stages of irradiation, acrylic acid undergoes polymerization and subsequently the 
polyacrylic acid chains undergo crosslinking reaction. During this process, presence of carrageenan 
reduces crosslinking density by scavenging OH/H radicals and probably physically screening the approach 
of radical sites that form crosslinks. The present study indicates that this effect practically gets saturated at 
about 1 % carrageenan concentration and further addition of carrageenan results in marginal increase of 
EDS.  Presence of carrageenan could also modify the average pore size, the pore size distribution and the 
pore interconnections due to inter molecular interaction of carrageenan with polyacrylic acid during 
irradiation.  These are important factors of the hydrogel matrix that determines its swelling characteristics 
and diffusion of solutes. There are always advantages of using fewer components in products for health 
care applications in radiation processing applications to avoid complex radiation degradation products. 
These materials developed in the laboratory were tested in the field as soil conditioners. The field 
experiments results indicated that incorporation of 20 Kg/ha in the soil enhance the yield by almost 10-
15% in the wheat crop.  
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4. CHITOSAN DEGRADATION/CROSSLINKING  

 Chitosan finds many applications in food and pharmaceutical industry. Chitosan is an important natural 
polysaccharide derived from deacetylation of chitin which finds several applications in health care. When 
taken orally, it is known to lower cholesterol and lipids concentration in human blood. Low molecular 
weight chitosan has been reported to possess anti-tumor activity. Glucosamine is also known to show 
therapeutic effect for treating arthritis. Chitosan and alginates undergoes predominantly chain scission 
when exposed to ionizing radiation which results in lowering of its molecular weight. These low 
molecular weight products also known as oligomers have potential application in agriculture as plant 
growth promoter. At RTDD we have successfully demonstrated the application of these oligomers in plant 
growth promotion. For this three different crops namely Triticum aestivum (Wheat),    Vigna radiate 
(Beans) and   Linum usitatissimum (Linseed) were selected for study.  Different treatments included in 
these studies were Dry seed treatment, Water presoaking treatment, Irrigation treatment and Foliar spray 
treatment. To determine the effective dose of gamma rays the dry seeds of wheat, mung and linseed were 
treated with 500 ppm of oligos of alginate and chitosan, produced by different doses of gamma rays. This 
experiment was performed specifically to determine the effective dose of gamma rays for the production 
of oligos of desired molecular weight with maximum biological activity. In this investigation gamma ray 
doses Viz., 20, 35, 66, 80 and 93 kGy were used to produce the oligos of alginate and 15, 35, 65, 77 and 89 
kGy for production of oligo chitosan.  All the doses of gamma rays were found to be effective in 
degrading the molecules of alginate and chitosan. The most effective dose of gamma ray was determined 
on the basis of stimulation in seedling growth, induced by oligos produced by a particular dose of gamma 
rays. The lowest dose of 20 kGy of gamma rays was marginally effective. However, the increase in the 
dose of gamma rays to 35 kGy and 66 kGy in alginate and 35 and 65 kGy in chitosan increased the growth 
stimulating activity of both the polysaccharides. Further increase in the dose of gamma rays up to 93 and 
89 kGy led to decline in the stimulatory effect of alginate and chitosan, respectively. However, at the 
higher doses of gamma rays, alginate and chitosan still retained the stimulatory effect on the seedling 
height. In the water control, the seedling height in wheat, mung bean and Linum was 12.61, 9.50 and 8.40 
cm, respectively. The unirradiated alginate and chitosan did not show any stimulatory effect on the 
seedling growth in all the three species. The seedling height with alginate, irradiated with different doses, 
ranged between 13.88 to 15.99 cm, 9.41 to 12.35 cm and 8.21 to 9.26 cm in wheat, mung and linseed, 
respectively whereas, with chitosan it was 14.18 to 15.07 cm, 10.82 to 11.20 cm and 6.78 to 8.89 cm in 
wheat, mung and linseed, respectivel       
 
In another attempt, chitosan was crosslinked using gamma radiation in presence of carbon tetrachloride as 
a sensitizer (4). The resultant product was insoluble in acid solution indicating that chitosan has 
crosslinked. Adsorption of Cr (VI) onto crosslinked chitosan synthesized by gamma irradiation has been 
investigated. The adsorption behavior of crosslinked chitosan (CRC) and its hydrolysis product (CRCH) 
has been compared with native chitosan. The maximum adsorption of Cr (VI) on crosslinked chitosan 
occurs at pH 3. The results obtained from equilibrium adsorption studies are fitted in various adsorption 
models such as Langmuir, Freundlich and Dubinin-Radushkevich (D-R) and the model parameters have 
been evaluated.  Various thermodynamic parameters like H0, S0 and G0 for adsorption of Cr (VI) onto 
crosslinked chitosan have been estimated. The performance of crosslinked chitosan (CRC and CRCH) 
under flow conditions have also been studied and the results indicates that radiation crosslinked chitosan 
can be effectively used for treating wastewater containing Cr (VI). The most important aspect of using 
crosslinked chitosan for treating the wastewater containing Cr (VI) is that after the Cr (VI) is loaded; the 
column can be easily regenerated and efficiently reused. 
 

5. GRAFTING OF POLYANILINEONTO RADIATION CROSSLINKED CHITOSAN 

Among the conducting polymers, polyaniline has attracted attention of most of the researchers due to the 
combination of unique properties, good environmental stability, relatively high conductivity and low cost 
and also due to their wide spectrum of applications. We have chemically grafted polyaniline onto radiation 
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crosslinked chitosan already developed in the laboratory. The crosslinking of chitosan was carried out 
using 8 MeV electron beam and Co60 gamma rays in the presence of CCl4 as sensitizers [5].  The grafting 
of chitosan with polyaniline was carried using ammonium peroxydisulphate (APS) as an initiator [6]. 
Grafted polymer is characterized by dissolution, swelling, UV, VIS. NIR spectroscopy, Fourier transform 
infrared spectroscopy (FTIR), x-ray diffraction (XRD), SEM, thermogravimetric analysis, DC 
conductivity and nanoindentation studies. From the dissolution studies, grafting of PANI onto the 
crosslinked chitosan is confirmed and the  weight of films before and after grafting gave the grafting 
percentage. Grafting percentage increases as the monomer concentration increases and decreases with 
increase in crosslinking. This may be due to the decrease in the penetration of the monomer onto the 
chitosan matrix with increase in crosslinking density. This is verified from SEM (cross-sectional view) of 
blend. UV-vis-NIR spectrum shows absorption peaks of PANI. Electrical property of grafted polymer is 
improved after doping with 1 M HCl. The change in volume conductivity is from 10-11 to 10-5 S/cm and 
surface conductivity from 10-10 to 10-2 S/cm. From TGA it is observed that grafted polymer and doped 
polymer are thermally stable. 
 
6. ANTI-BACTERIAL COTTON FABRIC 

Radiation grafting of vinylbenzyltrimethylammonium chloride (VBT) onto finished cotton fabric by 
mutual irradiation method has been carried out in aqueous medium to impart antibacterial activity (7). 
Additives such as metal salt and acid did not show enhancement on the grafting yield of VBT onto 
hydrophilic finished cotton substrate. The grafted cotton samples were tested for their antibacterial 
properties against test Escherichia coli and Staphylococcus aureus. The samples grafted to an extent of 
5% start showing anti-bacterial activity and samples grafted to 13% are able to reduce the population of 
the organism by 4-5 log cycles within 2 hours. The anti-bacterial activity of grafted product is retained 
after many cycles of washing in commercial detergent powder. The VBT grafted material could be 
potentially used as dress material for high-risk group like hospital staffs. 
 

7. CONCLUSION  

India is a major producer of natural polymers.  The recent work at BARC shows that use of natural 
polymers in radiation processing applications such as wound dressings, superabsorbent materials, 
radiation depolymerized alginates and chitosan and radiation crosslinked chitosan could bring highly 
desirable properties to the products for use in health care and agriculture sector. Development of methods 
of crosslinking of natural polymers using radiation would be desirable for development of new 
applications in waste water treatment. 
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