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Abstract

Radiation stability of polypropylene and polyvinylchloride medical products of local origin was
evaluated, establishing their functionality by appropriate methods. A device for a mechanical test of
syringes and another device for puncture testing of plastic films were constructed and tested. Shelf-life
anticipation of irradiated products was examined by treating to high doses and in other cases by storing
irradiated products at high temperatures. In both cases negative results would anticipate no functionality
for real time aged products. Radiation stability improvement was tried by incorporating light protectors
and antioxidants into polypropylene homopolymer. A composition with added light protector was
obtained that did not discolor and that kept mechanical stability during aging. Polyvinylchloride tubing
was examined and found stable in comparison with imported materials. A non-discoloring product could
not be obtained. Evaluation of local commercial polyvinylchloride insulations of wires similar to the
wires used in the conveyor system of the Irradiation Facility of Ezeiza Atomic Center suggested that the
limit of 50 % reduction in elongation to break in relation to control samples as an indication of failure is
too conservative, because this limit was reached much earlier than the actual period of use of installed
wires.

1. INTRODUCTION

In the Co-60 Irradiation Facility of Ezeiza Atomic Center, different products for medical
care, cosmetic, or laboratory use are currently sterilized. About 25 % of these products are made
from Polypropylene or PVC, which are materials sensitive to ionizing radiation [1-7]. According
to legal requirements the expiring date shall be stated on the package, so the manufacturer shall
assess that the product will be functional up to that date. To be able to make such assessment it
must be established that the product does not suffer alterations affecting its functionality after
irradiation and during the shelf life period. It is necessary then to have some way of evaluating
functionality of products. This is a complex matter considering that the properties that govern the
functionality depend not only on the characteristics of the product such as shape and components
but also on its intended use. In some cases the properties determining functionality are mechanical,
in other cases chemical and in other cases just the color may determine the functionality of a
product. Materials components of the products must be evaluated by using standard methods, but
for stability assessment it is necessary to evaluate the final products [8]. In addition, manufacturers
wish to be able to make an anticipated evaluation of long term post-irradiation functionality of
their products. In this respect, methods to accelerate aging refer mainly to materials [4,6] and are
not usually used on final products.
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Local production of PP and PVC amounts to about 85 % and 68 % respectively of total
consumption [9] but there are no commercial compositions especially stabilized for radiation
sterilization.. Importation of medical products is currently done but the market for medical
products that will undergo radiation sterilization is not large enough to justify the importation of
special polymers.

In relation to the Irradiation Facility, it would be interesting to anticipate the durability of
parts permanently exposed to radiation. We are therefore conducting an evaluation of the
durability of PVC insulations of wires that are used in the conveyor system.

In relation to radiation sterilization we intend to evaluate the radiation stability of devices of
different shapes and final uses, manufactured from PP and PVC of local origin. In each case, it is
necessary to define one or more properties essential to the product functionality, that allow the
assessment of functionality after the irradiation and the aging time. In the cases of syringes and
film for packaging, we constructed special devices to perform in each case a test representative of
functionality.

In addition, we intend to evaluate two ways of anticipating the durability of the irradiated
products: irradiation to a higher dose, and the storing of irradiated products at a temperature
higher than room temperature.

Finally, we intend the improvement of radiation stability by using some additives known as
effective antioxidants or light stabilizers.[5,6,10,11,12], by the preparation of samples through
different processing methods

2. EXPERIMENTAL

2.1. Materials

Products for medical care or cosmetics, or for laboratory use, or their packages,

manufactured locally with PP or PVC of local origin. In the cases of PP syringes and PVC
tubing, imported products or materials were also used for comparison purposes.
PP homopolymer (Petroken);
PP random copolymer, with 2.2 % ethylene (Petroquimica.Cuyo)
additives were obtained from Ciba:
Tinuvin 622 LD (butanedioic acid, polymer with 4-hydroxy 2,2,6,6-tetramethyl-l-
piperidineetanol)
Irganox 1010 (pentaerytrityl-tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionate])
Irganox PS 800 (dilauryl ester of $,P'-thiodipropionic acid)
Irganox B900 (Irganox 1010/Irgafosl68 1:4)
{Irgafos 168: tris-(2,4-di-tert-butylphenyl)-phosphite}
wire insulation of PVC of local commercial origin, similar to the wires employed in the
conveyor system of the Irradiation Facility.
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2.2. Irradiation

Irradiation was carried out in the Co-60 Irradiation Facility of Ezeiza Atomic Center, or in
the privately owned Co-60 facility of Ionics, in Buenos Aires Province. For irradiation of medical
products and samples of PP and PVC compositions, a site in the plant with dose rate of 5 kGy/h
was used.

PVC insulated wire was cut in 20 cm long pieces, the conductor separated, and located for
irradiation in bundles of 5 to 10 pieces. A site in the irradiation plant was selected where cables are
most exposed. Average dose rate was determined to be about 0.15 kGy/h by previous dosimetric
calibration. Dose rate varied according to the source position (storage-operation), and the carts
circulation. The samples were left at the position during 100 days, and some of them were taken at
intervals in order to have in total 6 groups of samples with different applied doses. Samples of the
same material, prepared in the same way, were irradiated at different dose-rate and temperature,
using an electrical heated device previously calibrated at three temperatures. The samples were
accomodated in this device and it was positioned in three sites of the irradiation room where the
dose-rate had been determined. Dose-rates were: 1.4 kGy/h; 3.8 kGy/h; 5.4 kGy/h. Temperatures
were: 65 °C; 80 °C; 100 °C. At different times some of the samples were removed. Total applied
doses ranged from 50 to 300 kGy.

2.3. Mechanical testing

Tensile, compression, and flexure measurements were performed with an Instron 1122
machine with 500 kg load cell. For a mechanical test on syringes a device adapted to the Instron
machine was constructed: The device consists of a tubular mainpiece, 3 cm longer than the
syringes, on top of which different adaptors of appropriate diameter can be placed in order to test
syringes of different sizes. The syringes were put inside, where they hung supported only by their
flanges. On the other hand a moving piece (penetrometer-like) slides inside the syringe applying a
load to it [Fig. 1].

For a test of puncture on plastic films, a device was constructed also as an adaptor to the
Instron machine. The device consists of two concentric iron rings (approx. Oe = 15 cm, Oi = 5 cm
each) embedded one on top of the other, grasping the film between them. A vertical movement
punch is pressed against the film perpendicularly until the film is broken. [Fig 2] When it was not
possible to perform an instrumental test because of the shape of the dimensions of the product or
sample, manual tests were done, taking care to reproduce the actual use of the product.

2.4. Discoloration

Visual tests were performed making use of a scale prepared with tones of yellow. PP
products were observed against a white sheet of paper. PVC tubing was cut in rings 2 mm thick
and placed on a white sheet of paper. Observation was done under the white light of a
chromatoviewer.
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2.5. Chemical test

Evolution of HCl from PVC was tested through the assay for acidity of aqueous extracts.
Aqueous extracts were obtained according to the ISO standard for blood transfusion sets [13].
The assay was performed according to the same standard.

2.6. Preparation of samples containing additives

Compression moulding was performed by means of an electrically heated press, at a pressure
of 20 ton and temperature of 195-215°C. The samples prepared by extrusion or injection
moulding were prepared by manufacturers of medical devices or by polymer and masterbatch
producers.

SYRINGE

JIM

FIG. 1. Device employed for
mechanical testing of syringes

FIG. 2. Device employed
for testing of puncture on films
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3. RESULTS AND DISCUSSION

3.1. Radiation stability of medical devices

Sheets of PP were processed by injection moulding, for a medical device intended to stand
flexion and torsion. As an assay for functionality, pieces of the product were subjected to manual
bending. We considered that a reduction of 40% was the limit for this product functionality,
according to its purported use. Comparison was done with non irradiated control pieces and with
pieces irradiated to 60 kGy at the different times of testing. Dose applied was 30 and 40 kGy.
Time of testing was up to 2 years. A strong reduction in bending ability occurred during the period
up to 200 days following irradiation but the product was still functional. The product was
functional up to almost 2 years after irradiation, when observation was stopped. In all times of
testing the samples of 60 kGy recently irradiated were much more fragile (not functional) than the
irradiated, aged samples. On the other hand, 40 kGy irradiated samples reached the limit for
functionality at about 2 years. This fact could be considered as indicative that the product treated
with sterilizing dose will be stable for longer time (Fig. 3).
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FIG. 3. Stability of injection moulded sheets ofPP irradiated to 30 and 40 kGy.

Handles of brushes for cosmetic use and of dental mirrors and instruments were made of PP
filled with carbon black and with talc. In this case according to the use of these products of lineal
geometry the bending by means of the Instron machine was tested, by fastening one end and
applying load to the other end. The angle of bending at break was measured, in relation with that
corresponding to non-irradiated control samples. An angle of 90° was taken as the limit of
functionality. The dose applied was 32 and 64 kGy for carbon black filled PP and 28 kGy for talc
filled PP. The 32 kGy irradiated samples were functional 3 years after irradiation. The 64 kGy
irradiated samples were functional 6 months after irradiation. The stability of 64 kGy irradiated
samples could be an indication of stability at longer time of the product irradiated to sterilizing
dose. 28 kGy irradiated samples were functional 3 years after irradiation. The irradiated samples
stored at 60°C for 15 days were functional also. In this case storing at high temperature was also
indicative of long term functionality of the irradiated product (Fig. 4).
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FIG. 4 (a). Stability of handles of carbon black filled PP irradiated to 32 and 64 kGy.
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FIG. 4 (b). Stability of talc filled PP irradiated to 28 kGy.

PPBO film, 40 urn, used as package for medical devices, was irradiated to 25 kGy. The
irradiated product was kept at room temperature and at 60°C for 40 days. Elongation to break
was measured on strips of film. The product was still functional two years after irradiation. The
higher temperature test could be used to anticipate the duration of functionality (Fig. 5).

0,5 --

0 months 24 months 40 days,60 C

FIG. 5. Stability of PPBO film irradiated to 25 kGy.

PPBO film (40 um) was irradiated to 26 and 35 kGy was tested by elongation to break and
also by making use of the device constructed to measure puncture on films There was good
concordance between both methods of testing (Fig.6). The radiation stability of the film was good.
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FIG. 6. Stability ofPPBOfllm, as measured by elongation to break and by puncture test.

PPMO film (40 \xm) was irradiated to 28 kGy and stored at room temperature and at
60°C for 15 days. Elongation to break was measured on strips of the film, According to this test
the product was functional for two years after irradiation. The test on samples stored at high
temperature could be used as indicaton of the long term duration (Fig.7).
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FIG. 7. Stability of PPMO film irradiated to 28 kGy.

Syringes irradiated to 26 and 44 kGy were evaluated with the device constructed for that
purpose. For comparison a set of syringes of German origin were irradiated and tested by the
same method. A strong fall in the property measured was noticed during the period of two months
after irradiation. The syringes kept their functionality during the observation period of 14 months.
In this case the irradiation to higher dose allowed anticipation of the long term duration (Fig. 8).
German syringes were found to be more stable, particularly during the first aging period.
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FIG. 8. Stability of syringes measured with the device shown in Fig.l.

3.2. Stability improvement

Samples of PP homopolymer with different additives prepared by compression moulding
were irradiated to 25 kGy (Table I). Elongation to break was measured after irradiation and at
12 months of aging at room temperature. Previous experiments with samples prepared in the same
way without additives had shown a strong effect of post irradiation degradation and this effect
could be anticipated by the effect of a higher applied dose (Fig 9). The effect of additives was
significant as all of additivated samples could be considered functional after aging (Fig 10).

TABLE I. ADDITIVES INCORPORATED INTO PP

Composition

a

b

c

d

Tinuvin 622LD

0,3

0,3

0,3

ADDITIVE
Irganox B225

0,2

0,4

0.4

(% w/w)
Irganox PS800

0,6

0,3

0.3

Irganox 1010

0,2
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FIG. 9. Samples of compression moulded PP irradiated to 25, 32 and 50 kGy.
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FIG. 10. Samples of compression moulded additivated PP irradiated to 25 kGy.

Eppendorff tubes prepared by extrusion with the addition of Tinuvin 622 were irradiated to
28, 44 and 70 kGy. Two ways of testing functionality were tried: traction of the union between the
tube and the cap, that appears as the weakest part of the device, and compression to breakage of
the tube. Both tests were done by means of adaptors to the Instron machine. Comparison of
results show the equivalence of both tests. Higher dose (44 kGy) anticipated the long term
duration: the 28 kGy irradiated tubes were functional during the time of observation (32 months)
after irradiation (Fig. 11).

traction of lateral union compression of tube
P 28 kGy

H 44 kGy

O 70 kGy

t= 12
months

FIG. 11. Eppendorf tubes made ofPP with Tinuvin 622 LD, irradiated to 28, 44 and 70 kGy.
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Samples of PP homopolymer with the addition of 0.3% Tinuvin 622 LD for flexion
measurements prepared by injection moulding were irradiated to 21 and 32 kGy. Other samples
containing the same proportion of Tinuvin 622 and 0.1% Irganox B900 were irradiated to 25 kGy.
Both samples showed good resistance to radiation in flexion tests. According to these tests the
samples were functional 12 months after irradiation (Fig. 12) but there was an important difference
regarding discoloration, between both samples, as the former did not show discoloration at all.

H 21 kGy

0 32 kGy

12 months

FIG. 12. Injection moulded bars ofPP with Tinuvin 622LD irradiated to 21 and 32 kGy.

Samples for flexion of PP random copolymer prepared by injection moulding were irradiated
to 25 kGy. Test methods for flexure properties [14] were not applicable because they passed the
strain limit, so tensile tests were performed. Considering a reduction of 50% in elongation to break
related to control samples as a limit for functionality, these samples were functional and no fall
was observed during the first 100 days after irradiation (Fig. 13).
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FIG. 13. Bars ofPP random copolymer (0,2 % ethylene monomer) irradiated to 25 kGy.

In all cases where discoloration was noticed this factor was no determinant to functionality.
Discoloration did not intensify with time, but was a function of the applied dose. Discoloration
was observed in samples prepared by compression moulding with additives and in the samples of
random copolymer. The samples prepared by injection moulding with only the light protector
added showed no discoloration at all, but when an antioxidant was added discoloration was again
noticeable.

PVC tubing for medical use was studied. Considering that mechanical properties are not
affected by radiation in the range of dose applied in sterilization [1,3,7], and that discoloration is
not significant for the purported use of these products, the possibility of evolving HC1 that could
be dissolved by the circulating or contacting liquids was taken as the property determining
functionality of these products. This would be also valid for containers of flexible PVC for fluids
of biologic origin.
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Samples were irradiated to 38 and 59 kGy. The results of aqueous extract acidity tests were
always below the limit imposed by the ISO standard, which was taken as a limit for functionality
[11] (Fig. 14).

Comparison of local origin PVC tubing with the one made from imported radiation stable
PVC and with imported PVC tubing, showed that the performance was similar. Discoloration
increased during the first 8 months of aging, but remained approximately constant afterwards. It
was comparable between tubings made from local PVC and from imported radiation stable PVC.
The color of these tubings irradiated to 38 kGy and aged for 2 years was considered acceptable
when shown to users of PVC medical devices. Previous experiments with PVC tubing for medical
use had shown that storing irradiated samples at high temperature (40-60°C) produced much
stronger discoloration than that of aged irradiated samples. For this reason we did not try this way
of anticipating aging. The tests of acidity of aqueous extracts on samples irradiated to higher dose
gave results comparable to the results corresponding to aged irradiated samples. This could be
used as a way of anticipating functionality of irradiated products. Because of inaccesibility of
processing means of PVC we could not go beyond this stage to improve discoloration effect on
this material.

S control

H 37,7 kGy

059 kGy

b c

initial time 2 years aging

FIG. 14. Acidity tests on aqeuous extracts of PVC tubing for medical use, irradiated to 38 and
59 kGy. (a) local tubing, (b) imported radiation stable PVC, (c) imported tubing.

3.4. Wire insulation

Tests performed over real time showed that elongation decreased smoothly, reaching the
proposed ratio of e/eo = 0.5 at about two months (137 kGy) of exposition to radiation (Fig. 15).
However, wires used in the plant are not replaced with that frequency; the normal operation
involves replacement at about one year frequency. It could be established that the wires were safe
in spite of the mechanical degradation.

The results obtained in the experiment with different dose rates and temperatures of
irradiation did not allow an estimation of longer term degradation comparable to the real-time
experiment described above. However we found that these conditions allowed us to obtain
degraded samples in short times. The doses in kGy required to decrease the elongation to break
to 50% of original value (e/eo = 0.5) were calculated from the results for the different conditions
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of irradiation (Table II). Approximately 5 days of irradiation at 65°C and 1.4 kGy/h produced the
same mechanical degradation as the real time irradiated samples.

TABLE II. IRRADIATION DOSE FOR 50 % DECREASE IN ELONGATION OF PVC
WIRE INSULATION.

kGy/h 65 °C 80 °C 100 °C

1.4 181 165 133

3.8

5.4

243

240

210

237

201

192

3 0 , 5 -

50 69 137
Dosis, kGy

161 208 244

FIG. 15. Elongation to break related to control samples for PVC wire insulation
irradiated in a site at the irradiation facility with average dose-rate aprox. 0.4 Gy/s

4. CONCLUSIONS

Measurement of puncture in films for packages was much easier to perform and at least as
effective as elongation to break. For syringes, the device built that reproduces the actual use of the
syringe measuring the force necessary for bending the flanges gave results representative of
functionality and was of simple operation.
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Medical products of PP from local origin were stable regarding their post-irradiation
functionality. Injection moulded and filled PP products were the most stable. Discoloration was
noticeable in all cases, except for films or filled PP products. It did not increase with aging, thus
making it possible to evaluate the effect inmediately after irradiation.

Regarding the possibility of anticipating the durability, both irradiation to higher dose and
storage at higher temperature gave indication of stability. However, the conclusion should better
be taken in the negative sense: a non-functionality result anticipates that the product will not be
functional in the long term.

In relation to radiation stability improvement, discoloration of PP homopolymer was
eliminated by the incorporation of the light protector in the samples prepared by injection
moulding. Addition of antioxidants improved mechanical stability in samples prepared by
compression moulding and by injection moulding, but they had a negative effect in discoloration.
The introduction of a comonomer in the polymer (random PP copolymer) resulted in an
appreciable effect in mechanical stability but did not have an effect on discoloration.

In the case of flexible PVC the local product was indicated to be stable when measured by
the acidity of the extract. Its stability was comparable with that of imported product and the
product manufactured with imported radiation stable PVC. Regarding discoloration the effect in
the local product was considerably slighter than that of the product manufactured with imported
radiation stable PVC. The lifetime could be anticipated by means of irradiation to a higher dose.

In the case of PVC wire insulation of local origin, the actual duration of wires in the
Irradiation Plant is much longer than would be expected according to the results of elongation to
break with a limit of e/eo = 0.5. Normal permanence of wires in use in the plant is superior in
about 1000 %, suggesting the limit is too conservative. Samples have been obtained by irradiating
at different conditions of temperature and dose-rates with the same degree of mechanical
degradation as the ones irradiated in actual conditions. This may be a method of probable
utilization to obtain aged samples in shorter times.
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