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SAMEVATTING ABSTRACT 

Die stralingateriIisering van pirogeenvrye water in sakkies 
wat uit 'n poliëster/poliëtileen-samestelling vervaardig is, is The radiation sterilisation of pyrogen-free water in 
ondersoek. 'n Metode is vir die steriele onttrekking van polyester/polv«thylene-laminate sachets was investigated. A 
water uit die takkie ontwikkel. Die vorming van technique was developed to ensure the sterile removal of 
waterstofperoksied as die vernaamste stralingiproduk is the water from the sachet. The production of hydrogto 
nagegaan vir water wat beide in glasampules en peroxide as the major radíolytícal product was investigated 
polimeersakkies bestraal ;s. Daar is bevind dat die vorming for water irradiated in both glass vials and polymer sachets, 
van waterstofperoksied in die polimcersakkies slegs die It was found that the formation of hydrogen peroxide in 
helfte is van die wat in die glasampules gevorm het Die tho polymer sachets was only half of that formed in the 
stralingigesteriliseerde water voldoen in alle opsigte aan die glass vials. The radiation-sterilised water was found to 
vereistes wat die British Pharmacopoeia aan water vir comply in all respects with the British Pharmacopoeia 
inspuitings stel. requirements for water for injections. 
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1. INTRODUCTION 

Although the use of sterile pyrogen-free water for injections 
is generally not considered to be of great importance in 
health care services, the vo.ume of water used for injections 
reveals that it plays not such a modest role than would 
appear at first thought. Table I indicates that public health 
services alone required more than six million glass vials 
containing water for injections for 1977/1978, representing 
the almost incrediole volume of 56 000 I of water. If it is 
borne in mind that this figure represents only about 50 % 
of the total requirements for South Africa and, 
furthermore, that this figure does not include sterile water 
supplied in anything other than glass vials, the very 
important role that sterile pyrogen-free water plays is 
clearly underlined. 

TABLEi 
Volume of sterile water in glass vials required by 

public health services in South Africa for 1977/197fc. 

Number of Vials 

r "" " 
5 ml 
55 000 

10 nl 20 ml r "" " 
5 ml 
55 000 120 0O0 125 000 

14/000 194 000 114 000 
300 000 540 000 80 000 
160 000 170 000 

1 350 000 783 000 598 5C0 

200 000 

Z212 0OO 

500 000 100 000 200 000 

Z212 0OO 2 307 000 1017 000 705 700 

The use of flame-sealed glass vials for holding small volumes 
(2 - 20 ml) of water for injections is a well-established 
practice. This method of dispensing sterile water 
nevertheless presents certai.. problems to both 
manufacturer and user. The most important of these 
problems are the following: 

- the relatively high percentage of rejection of empty vials 
due to glass particles in the vials brought about by the 
manufacturing process; 

- the large-scale breakage that is experienced because of 
the nature of the packaging material; 

- the large amount of bulk storage required both before 
and after filling of the vials; and 

- the danger of glass particles being introduced into the 
sterile water when the vial is broken open for use. 
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physicochemical experiments, this Indonesian investigation 
involved biological experiments on systemic toxicity, skin 
irritation, pyrogens and haemolysis. The authors found 
that, biologically, polyethylene was an acceptable 
packaging material for this application, but 
physicochemically no conclusion was reached because of 
the non-existence of maximum limits for hydrogen 
peroxide, and also because of the problems of radicals, in 
water for injections. I; is difficult to understand why these 
authors anticipate long-lived free radicals in water, since the 
high rate of radical-radical recombination reactions in the 
liquid phase makes this highly unlikely. Furthermore, 
hydrogen peroxide is formed in very small concentrations 
during the radiation sterilisation of water and should have 
no physiological significance. 

The use of heat-sealed polymer sachets as a replacement 
packaging material for water for injections was considered 
important enough to undertake the present investigation to 
evaluate the potential of polymer sachets when used to 
sterilise pyrogen-free water by means of radiation. 

2. EXPERIMENTAL 

2.1 Materials 

All experiments with polymer sachets were carried out 
using Baxter sterile, pyrogen-free water for injections from 
1 000 ml Vacoliter bottles (code TFA 0304) as supplied by 
Saphar Laboratories Limited. Comparative tests in glass 
were run on 10 ml glass vials of sterile, pyrogen-free water 
for injections as supplied by Propan Pharmaceuticals (Pty) 
Limited. 

The sachets were made from a polymer laminate consisting 
of a polyester film on the outside and a medium-density 
polyethylene film on the inside, and were supplied by DRG 
Flexible Packaging (Pty) Limited. The choice of polymer 
films was based on the excellent radiation resistance and 
moisture-barrier properties of this lamination, combined 
with its high tear resistance and mechanical strength. 

The tape ur.ed to provide a sterile area on the sachets was 
Blenderm Surgical Tape (No. 1525) as supplied by the 
Medical Products Division of the 3M Company, and had a 
width of 25 mm. 

These factors contribute to the relatively high cost of water 
for inactions, dispensed in glass vials. 

Many of the abovementioned problems can be overcome if 
use is made of polymer sachets, instead of glass, for 
dispensing sterile water. This packaging method would 
immediately open up the possibility of radiation 
sterilisation and the high degree of sterility assurance that it 
imparts. Only one reference |1 | could be traced in which 
polyethylene (screw-top bottles) was investigated as a 
packaging material in which to steril'se pyrogen-free water 
by means of radiation, in addition to certain 

2.2 Analyses 

Hydrogen peroxide was determined by the titanium 
method of Eisenberg |2 | , the optical density being 
determined at 460 /um, at which wavelength the extinction 
coefficient was found to be 720 mo le - ' ' c m - ' , 

Hydrogen peroxide plus organic hydroperoxides were 
determined by the iodide method as described by 
Hochanadel |3| . The optical density of the triiodide ion was 
measured at 350 jum, taking the extinction coefficient as 
2/16 x 10 4 mole- 1 cm~1 . 
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Total peroxides, including organic peroxides, were 
determined by the ferrous thiocyanate method |4). The 
optical density was measured at 460 jim. The contribution 
of hydrogen peroxioe and organic peroxides, as determined 
by the iodide method [3|. were subtracted from the total 
optical density to give the yield of organic peroxides. 

2.3 Irradiations 

The irradiations were carried out in a nominal 50 kCi 
Gammabeam-650 panoramic cobalt-60 irradiator at a 
constant dose rate of l O k G y h - 1 and a constant 
irradiation temperature of 25 ° G The dose range 
investigated was from 0,5 kGy to 100 kGy (0,05 to 
10 Mrad), based on dose-rate measurements carried out 
using the Fricke dosimeter [5]. 

The radiation sterilisation of the samples submitted to the 
South African Bureau of Standards was carried out in the 
400 kCi Medical Product Irradiator (AECL), and subjected 
to an absorbed irradiation dose of 25 kGy as determined by 
the ceric-cerous dosimeter [6]. 

2.4 South African Bureau of Standards Tests 

All sterility tests on the efficiency of the surgical tape to 
maintain a sterile area underneath, as well as the British 
Pharmacopoeia Standard for Water for Injections (1973, 
p. 501), were carried out by the South African Bureau of 
Standards and relate only to the actual samples submitted 
for testing purposes. 

2.5 Procedures 

The polymer sachets were manufactured from the polymer 
laminate film as provided, by using a bar heat-sealer. The 
sachets were subsequently filled with about 20 ml of water 
from the glass Vacoliter bottles, a sterile polyethylene 
catheter with a stainless steel needle being used, directly 
before heat-sealing of the sachets. 

3. THE PRESENTATION OF A STERILE 
PRODUCT 

Radiation sterilisation gives the unique advantage of being 
able to sterilise a product in a hermetically sealed package. 
The radiation sterilisation of pyrogen-free water thus 
provides a method of achieving a very high degree of 
sterility assurance. Just as important as the sterility of the 
product is the sterile presentation of such a product. 

The first problem that had to be overcome in this 
investigation was the devising of a technique whereby the 
sterile water could be extracted from the polymer sachet 
with a hypodermic syringe in a sterile manner. This was 
achieved by using Blenderm surgical tape, which was 
attached to one side of the sachet before sterilisation. When 
the sachet is to be used, this surgical tape is merely peeled 
off the sachet, thus presenting a large sterile area where the 
needle of the hypodermic syringe can be inserted through 

the wall of the sachet. In order to facilitate the peeling of 
the surgical tape, a tab was formed at one end of the strip 
into which was incorporated a visual radiation-sensitive 
indicator. This construction of the polymer sachet for the 
radiation sterilisation of pyrogen-free water is shown in Fig. 
1. 

H i AT SEAL 

Fig. I 
Polymer-laminate sachet with surgical tape and 
radiation-sensitive visual indicator incorporated in tab. 

Sixty of these sachets were prepared, radiation sterilised 
and submitted to the South African Bureau of Standards to 
be tested microbiologically for sterility underneath the 
surgical tape. The results of these tests are presented in 
Table II. It follows from these tests that use of surgical tape 
to obtain a sterile area on the sachet provides a practical 
and safe method of presenting the sterile water in a sterile 
way. No noticeable change in the physical properties of the 
surgical tape that could be attributed to the radiation 
sterilisation procedure was observed in this investigation. 

4. THE RADIOLYTIC PRODUCTION OF 
PEROXIDES IN WATER 

When pure water is exposed to ionising ra- ion, trace 
amounts of hydrogen gas and hydrogen peroxide are 
formed as radiolytic products [5). From a health point of 
view, the radiolytic production of hydrogen peroxide needs 
to be investigated, as the hydrogen gas will easily diffuse 
through the walls of the polymer sachet during the 
radiation sterilisation of the water. The major part of this 
investigation was thus devoted to the factors which 
influence the radiolytic production of peroxides in the 
polymer sachets during the sterilisation process. 

Considering that the radiation sterilisation of the water in 
the polymer sachet can result in a possible leaching of 
polymer additives into the water, it was decided to extend 
the analyses to both organic peroxides and hydroperoxides 
as potential radiolytic products. 

To serve as a measure of the specific contribution of the 
polymer in the radiolytic production of peroxides in the 
water when radiation sterilised in polymer sachets, 
duplicate runs were made in closed glass vials where no 
leaching of polymer additives can play a role-



r • • • • Í B M 

PER-17-5 

TABLE II 
Microbiological testing of Blenderm surgical tape to 

maintain a sterile area on polymer sachets after radiation 
sterilisation. 

South African Bureau of Standards Sud Afrikaanse Buro vir Standaarde 

REPORT 0541/3616/U3723 
VEHSLAG 

Page Bladsy 2 

3. HSSULTS 

3.1 The flaps from 10 samples were pulled away and the areas below the flaps 
were swabbed. The swabs were then incubated in fluid thioglycollate for 
7 days at 32 °C . 

The samples were found to comply with the test for sterility. 

3.2 Ten samples were placed in a high humility room for 7 days and then 
the areas below the flaps were swabbed. The swabs were then incubated 
in fluit thioglycollate for 7 days at 32 °C . 

The samples were found to comply with tha tests for sterility. 

3.3 Twenty samples were inoculated with Gerratia marcescens above 
the flap of the tape. 

a) Ten of these samples were allowed to stand at room temperature 
for 2/. h and then the areas belov; the flaps were swabbed. The 
swabs were then incubated in nutrient broth at 32 °C for 7 days. 

The samples were found to comply with the tests for sterility. 

b) The other ten of these samples were allowed to stand in a high 
humidity room for 7 days and then the areas belov/ the flaps were 
swabbed. The swabs were then incubated in nutrient broth at 32 °C 
for 7 days. 

The samples were found to comply with the tests for sterility. 

/£S 
for DLteiCïïOa CiliCilAL 

Av//AJ3 

This report relates only to the samples tested and is issued 
subier.f to the conditions printed on the back of Page 1 It does 
no' imply approval by the South African Bureau of Standards 
of the quality and/or performance of the commodity that has 
been tested It does not authorize the use of the 
Standardization Mark 

Hierdie verslag is van toepassing slegs op die getoetste 
monsters en word uitgeretk behoudens die voorwaardes op 
dio keersy van bladsy 1 gedruk Dit beteken nie dat die Suid-
Afrikaanse Buro vir Standaarde die kwaliteit en/of 
werkverrigtmg van die getoetste artikel goedkeur nie Oit 
verisen ook nie die reg om die Standaardmerk te gebruik nie. 
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4.1 The Effect of Irradiation Dos* 

The radiolytic production of peroxides from water in glass 
vials and polymer sachets as a function of the irradiation 
dose is presented in Table III and Table IV for glass vials 
and polymer sachets respectively. From these results it 
clearly follows that even at irradiation doses as high as 
40k0y no radiolytic formation of hydroperoxides and 
organic peroxides could be detected for in adiations carried 
out >n both glass and polymer sachets. This implies that no 
radiolytic extraction of polymer additives or polymer 
degradation that will be of any physiological importance 
for the specific polymer-laminate formulation used in this 
investigation, takes place when the water is radiation 
sterilised (25 fcGy). For this reason all further analyses were 
restricted to hydrogen peroxide, it being the only 
detectable radiolytic product. 

The radiolytic formation of hydrogen peroxide as a 
function of the irradiation dose is presented in Fig. 2 for 
irradiations carried out in both glass vials and polymer 
sachets. It follows from this Figure that for irradiation 
doses in excess of 3kGy. the radiolytic formation of 
hydrogen peroxide is markedly lower in polymer sachets 
than in glass vials. At the internationally accepted radiation 
sterilisation dose of 25kGy, the hydrogen peroxide 
concentration is only about 50 uM in the polymer sachets 
as opposed to more than 100 pM in the glass vials directly 
after irradiation. This phenomenon can possibly be ascribed 
to the radiolytic grafting of hydroxyl radicals to the 
polyethylene polymer backbone, thus reducing the 
hydroxyl-radical concentration and, accordingly, the 
formation of hydrogen peroxide through hydroxyl-radical 
combination reactions. 

TABLE III 
The radiolytic production of hydrogen peroxide), 

hydroperoxides and organic peroxides in glass vials. 

[H2O2] (pM) 
Irradiation dose [Hydroperoxides)* 

(uM) 
[Organic peroxides]** 

(uM) (kGy) 
[Hydroperoxides)* 

(uM) 
[Organic peroxides]** 

(uM) 
Titanium 
method 

Iodide 
method 

0,5 48,49 46,76 47,36 45,86 
1.0 64,10 62,40 63,15 62,40 
1,5 75,25 78,18 75,93 75,18 
2,0 86.3S 85,71 86,46 85,71 
2,5 96,15 104,51 103,01 99,25 
5,0 10?,10 111,65 114,14 112,93 
7,5 94,76 112,41 117,27 116,17 

10,0 120,40 117,67 125,56 126,32 
12,5 118,45 104,51 123,31 120,56 
15,0 121,23 122,18 121,05 117,29 
17,5 122,63 122,93 121,05 118,95 
20,0 119,84 123,68 123,08 122,18 
22,5 105,90 122,18 122,93 119,55 
25,0 117,05 122,18 123,31 122,03 
27,5 108,70 120,98 12130 119,17 
30,0 98,94 94,88 95,48 92,48 
32,5 100,33 99,24 100,00 95,48 
35,0 108,13 103,00 103,00 100,00 
37,5 111,48 106,01 106,76 103,75 
40,0 111,48 109,77 110,52 106,76 
50,0 111,48 108,27 
75,0 78,03 109,77 

100,0 111,48 106,39 

'Total concentration of hydrogen peroxide and hydroperoxides 

"Total concentration of hydrogen peroxide, hydfoperoxides and organic 
peroxides 
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TABLE IV 
Tha radioiytic production of hydrogen peroxide, 

hydroperoxides and organic peroxides in polyethylene sachets. 

IH2O2) </iM> 
Irradiation dose 

(kGy) 
(Hydroperoxides]* 

<MM) 
[Organic peroxides)** 

(jiM) 
Irradiation dose 

(kGy) 
(Hydroperoxides]* 

<MM) 
[Organic peroxides)** 

(jiM) 
Titanium 
method 

Iodide 
nMtnod 

0,5 65.21 69.17 66,91 64.66 
1,0 87.79 80.82 103.75 100.75 
1,5 69.95 69.32 69.17 69.66 
2.0 98,66 99,39 100.75 99,24 
2.5 98,94 100.75 99.37 89.62 
5.0 96,15 90,23 85,90 83,83 
7.5 72,46 84,81 75,94 75.19 

10.0 43,19 77,44 63.91 62,78 
12.5 68,28 72,93 69,70 67,29 
15,0 64.10 68,05 69,67 62,41 
17.5 62.70 64,66 64,29 63,11 
20,0 57,13 62,41 55,57 54,51 
22,5 58,52 60,90 61,65 59,40 
25,0 45,98 54,14 63,16 61,05 
27,5 60,75 67,67 64,29 60,15 
30,0 64,10 64,28 64,66 62,40 
32.5 64,10 66,91 66,91 64,66 
35,0 32,60 49.62 34,58 32,70 
37,5 58,52 60,15 59,39 57,14 
40,0 60,75 61,27 61,65 58,27 
50,0 78,03 77,44 
75,0 86,39 87,96 

100,0 98,94 96,99 

'Total concentration of hydrogen peroxide and hydroperoxides 

"Tota l concentration of hydrogen peroxide, hydroperoxides and organic 
peroxides 

2 0 3 0 4 0 5 0 75 100 

D O M (kGy) 

Fig. 2 
Hydrogen peroxide formation in water as a function of the irradiation dose at a dose rate of 10 kGyh~1 and an irradiation 
temperature of 25 °C, in glass vials (o) and polyethylene sachets (*). 
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4.2 The Effect of Irradiation Temperature 

It is known that the radiation temperature has a marked 
influence on the radiolytic formation of hydrogen peroxide 
in water |5|- As the radiation sterilisation of medical 
products in large commercial irradiators results in a 
temperature increase of the irradiated product to about 
40 °C. it was decided to investigate the influence of the 
irradiation temperature on the production of hydrogen 
peroxide. The radiolytic formation of hydrogen peroxide as 
a function of the irradiation temperature at a constant 
irradiation dose of 25kGy, is presented in Fig. 3 for 
irradiations carried out in both glass vials and polymer 
sachets. In good agreement with expectations, the hydrogen 
peroxide formation is markedly lowered with an increase in 
irradiation temperature, and drops to a value of about 
20 nM in the case of the polymer sachets at a temperature 
of 40 ° C It follows that the hydrogen peroxide formation 
in water that is radiation sterilised in polymer sachets in a 
commercial irradiator will not exceed a value of more than 
20 j iM directly after sterilisation. 

150 

100 
0 
o 

S 50 

0 

o 

• "'V 
0 0 

. 

»-. 
• " • - - * 

* ^ • •i 

20 4 0 60 
Temperature (°C) 

Fig 3 
Hydrogen peroxide formation in water as a function of the 
irradiation temperature at a total irradiation dose of 
25 kGy and a dose rate of 10kGy h~' in glass vials (o) and 
polyethylene sachets (*). 

4.3 The Effect of Storage Time After Irradiation 

As follows from Fig. 4 there is only a slight decrease in the 
hydrogen peroxide concentration, both for glass vials and 
polyethylene sachets, after the radiation sterilisation of 
water in these materials for a period up to 15 weeks. We 
thus have to conclude that very little decomposition of the 
radiolytically produced hydrogen peroxide present in 
radiation-sterilised water will take place after sterilisation. 

1 5 0 

100-
•o 

o 
E so 

I 
\ 
- o 

^-__o o.— 
^ \ 

L 
• • .. 

5 10 
Time (weeks) 

15 

Fig. 4 
Hydrogen peroxide concentration as a function of storage 
time for water radiation sterilised (25 kGy) at 25 °C, in 
glass vials (o) and polyethylene sachets (*). 

4.4 The Effect'of Storage Temperature After Irradiation 

The effect of storage temperature on the hydrogen 
peroxide concentration of radiation-sterilised water is 
indicated in Fig. 5. 

150 

~°-, 
•^100 

X 

X 

50 

/ 
/*"' 

\ 

/ 
20 40 

Temperature (°C) 
60 

Fig. 5 
Hydrogen peroxide concentration as a function of storage 
temperature, after storage of 9d at the indicated 
temperature, for water radiation-sterilised (25 kGy) at 
25 °C, in glass vials (o) and polyethylene sachets (*). 
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As follows from this Figure, there is a marked decrease in 
the hydrogen peroxide concentration at storage 
temperatures below 15 °C and above 50 °C. As it can be 
expected that ambient temperature will normally lie 
between these values, the influence of storage temperature 
on the hydrogen peroxide concentration will be of little 
practical importance and it can be expected that under 
normal storage temperatures little decomposition of the 
radiolytically produced hydrogen peroxide will take place. 

5. BRITISH PHARMACOPOEIA STANDARD 
FOR WATER FOR INJECTIONS 

After it was shown that hydrogen peroxide is the only 
detectable radiolytic product formed during the radiation 
sterilisation of pyrogervfree water in polymer sachets, and 
that this peroxide will normally be present in 
concentrations that are of little physiological importance, it 
was decided to submit to the South African Bureau of 

Standards samples of pyrogen-free water that nad been 
radiation sterilised, for a detailed test as to their compliance 
with the standards laid down for water for injections. As 
follows from the South African Bureau of Standards report 
in Table V, the radiation-sterilised water that was submitted 
complied with all the requirements laid down in the British 
Pharmacopoeia (1973, p. 501) Standard for Water for 
Injections. 

In an additional test carried out in our own laboratories, it 
was found that the evaporation of 11 of water that had 
been radiation sterilised in 10 separate polyethylene sachets 
indicated a non-volatile matter content of only 2,0 mg/l, as 
opposed to a value of 2,7 mg/l for a commercially available 
product that was evaporated simultaneously. This finding is 
not only in good agreement with the results presented in 
Table V, but confirms our earlier findings Mat little or no 
teaching of polymer additives takes place during the 
radiation sterilisation of water in polymer sachets. 
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TABLE V 
Compliance of water that was radiation sterilised in 

polymer sachets with the British Pharmacopoeia Standard 
for Water for Injections. 

South African Bureau of Standards SurtAfrfcaarseBurovrStandaarde 

REPORT 
VERSLAG No O541/8616/&4207 Page/Biadsy 

3. RESUI/TS 

Teste or assay 
performed BP(1973) requirements Besults 

Sterility test Shall comply with the 
specified tests 

Complies with the 
test? for sterility 
Thirty containers 
were tested. 

Pyrogens Shall comply with the 
specified test 

Complies with the 
test for pyrogens 

Acidity or 
alkalinity 

Shall comply with the 
specified test 

Complies 

Copper, iron 
and lead 

Shall comply with the 
specified test 

Complies 

Chloride Shall comply with the 
specified test 

Complies 

Albuminoid 
ammonia 

Shall comply with the 
specified test 

Complies 

Ammonia Shall comply with the 
specified test 

Complies 

Qxidisable 
matter 

Shall comply with the 
specified test 

Complies 

Non-volatile 
matter 

Shall comply with the 
specified test 

Complies 

Sulphate Shall comply with the 
specified test 

Complies 

AV/AE f o r DIHBCTOR GENERAL 

This report relates only to trie samples tested and is jsued 
subject to trie conditions printed on the back ot Page 1 it does 
not imply approval by (he South African Bureau ol Standards 
ot the duality and or performance of the commodity that has 
been tested H does not authorize t fe use of the 
Standardization Mark 

Hierdie verslag is van toepassing slegs op die getoetste 
monsters en word uitgereik behoudensdie voorwaardes op 
die keersy van bladsy 1 gedruk Dit beteken me dat die Suid-
Afrikaanse Buro vir Standaarde die kwaliteit en/of 
werkverngting van die getoetste artikei goedkeur nie Dit 
verieen 00k me die reg om die Standaardrnerk te gebruik me 
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6. CONCLUSIONS - the 3M Company for providing the Blenderm surgical 
tape, and the 

South African Bureau of Standards for kindly 
running the microbiological tests. 

The radiation sterilisation, in polyethylene sachets, of 
pyrogen-free water for injections lends itself very well to 
the large-scale production of sterile water. Hydrogen 
peroxide is the only detectable radiolytic peroxide product 
that forms in the water as a result of this sterilisation 
technique, but this compound is formed in such luw 
(20 pM) concentrations that it is of no pbyi.ological 
importance. This investigation has shown that the many 
technical advantages offered by the radiation sterilisation of 
pyrogen-free water in polymer sachets are matched by the 
very high degree of sterility assurance that this sterilisation 
technique offers. The use of polymer sachets for the 
radiation sterilisation of pyrogen-free water offers to the 
medical industry a new technique for the production of a 
very important pioduct for health care services. 
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