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SOME OBSERVATIONS RELATING TO THE 
STERILIZATION OF SYRINGES 

11. BY THE HOT AIR OVEN 

. BY 

Lieut.-Colonel P. D. STEWART, M.B., Ch.B., D.T.M. & H. ' 

Royal Army Medical Corps 

INTRODUCTION 

THE use of hot air for sterilizing syringes is common in hospitals and labora
tories throughout the country and a variety of ovens are available for this 
purpose. Darmady & Barrington Bn?ck (1954)· have, however, .shown that 
ovens differ in their efficie.ncy and that wide variations in temperature and in 
the uptake of heat by syringes may occur in certain types .. They found that an 
electric oven with a fan is superior to one without a fan and that a gas-heated 
oven is generally unsatisfactory 'for the sterilization of syringes. 

Within the last few years many military laboratories and some military 
hospitals have been issued with' thermostatically controlled electric o~ens and 
these have largely replaced the older gas-heated ovens. The experiments re

; ported below were designed to test the efficiency of one of these ovens and to 
investigate the reliability of a simple indicator of sterilization. 

EQUIPMENT 

Hot air oven. This was an electrically operated thermostatically controlled oven of 
internal dimensions 18 X 18 X 15 in. The heaters were located in each side and in 
the base .. There was no fan. 'A thermometer was placed through the centre of 
the air vent on the top of the.oven and recorded "oven temperature." The oven 
was divided ~y a shelf. 

Maximum thermometer. This was inserted into a test tube plugged with 
cotton -wool. . 

Coloured indicator tubes.... These contained a red liquid which the manu
facturers claim changes colour to green on exposure to 1600 C. for one hour. 
One was placed inside each divided plunger of a number of "indicator syringes" 
(Plate Ill, Fig. 1). 

All glass syringes. Syringes were lubricated with silicone M. S.550, assembled 
with a needle attached and inserted into a test-tube which was then plugged. 

Contaminating cultures. Cultures used were: 

Staphylococcus aureus in digest broth. 

• Supplied by 1\1essrs. A. Browne. Ltd, of Leicester, as "Browne's tubes No. 3." 
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Fig. I. Syringe "ilh Indi c~ltor Tube. 
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Fig. 2. The O"cn Loaded, 

PLATE I II 

• •• 
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P.,D. Stewart 81 

Bacillus suhtilis in peptone water:, 

Bq.cillzts,megath,erium in p~ptone wat,eL, " ",', c.,.,'; '~"" . 

Bacillus cereus (N.C.T.C. 9687) grown 'in the medium recQmm~nd~diby 
Stokes (1955) for the p~oducti~n of spores. The pre,sence ~Lspores 
was confirmed by'a 'stained film. . " ',,' ' . 

. i" . 
METH()D " 

A number ·of syringes \vere' sterilized in anothef hot' air oven· and. then:' "con
taminated by drawing the culture into the syringe and expelling it .. The syringes 
were then dried at 37° C. 

The contaminated syringes together with "indicator syringes" and un
contaminated syringes were then packed in four baskets (Fig. 2). 

Two large baskets were. tightly, packed with syringes~rranged horizontally 
ap.d vertically resp~ctively. The test-tube containing t}:le maximum thermometer 
was placed in the centre of the horizontally packed syringes. , 

Two smaper baskets ~ere packed loosely with syringes. 
After sterilization, the maximum thermometer and indicator tubes were 

inspectedand the contaminated syringes tested for sterility by drawing digest 
br()th into the syringes and then returning all but a few drops into the bottle 
of broth. Three drop~. of ,~he remainder were plated on to an agar plate. 

Control syringys, were contaminated and cultured as described above but 
were not subjected to sterilization; . 

All contaminated syringes were autoclaved after each ,test. 

Pilot experiment. The oven was loaded cold, then raised to an oven tempera
ture of 132° C. and held there for one hour. All ,syringes contaminated with 
Staph .. aureus and B. subtilis were sterilized. B. megatherium andB. cereus 
were each recovered from several syringes, the latter more often than the former. 
All control syringes gave positive cultures and no indicator tubes showed any. 
colour change. All further experiments were therefore carried out using B. 

, cereus only. . , 

Oven loaded cold. The oven was loaded cold and allowed to heat to the desired' 
temperature at which it was held for one hour except at 180° C., when only 
half an hbur was allowed for sterilization. The horizontally packed syringes 
were placed on the shelf and the vertically packed syringes on the floor of the 
ovenexcept in one test (iF~seeTable 1) when the positions were reversed. 

Oven loaded hot. The oven was heated to the reQuired temperature, then 
loaded. After loading the temperature dropped, then rose again gradually., 
Sterilization was timed from the minute the desired oven temperature was 
regained. The basket with the horizontally packed syringes was placed on the 
shelf. 

Indicator tubes. Separate experiments were carried out with loose indicator 
tubes, in order to obtain information on the temperature and time required to 
change the indicator to green. 
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82 Some Observations Relating to the Sterilization of Syringes 

RESULTS 

Sterilization experiments. The results obtained are shown in Table 1 and are 
discussed below. 

Indicator tubes. In experiments on loose indicator tubes a partial change in 
colour was,noted after fifty-five minutes at 160 0 C. in air and complete change to 
green after 60 minutes. Observations made during the main work described 
above and during previous unpublished experiments have suggested that slightly 
higher temperatures or longer times may be necessary to effect complete change 
in some instances. 

DISCUSSION 

Although the method used in the above experiments did not produce a continuous 
record of temperature changes such as was obtained by Darmady & Barrington 
Brock (1954) using multiple thermo-couples, the results strongly suggest that 
considerable variations in temperature occur in the type of oven used, depend
ing on position within the oven, method of placing, etc. 

The finding of more positive cultures from the syringes on the floor of the 
oven indicates that the temperature 'in the tubes on the shelf was generaly 

higher than in those on the floor. In the one experiment (IF) when the hori
zontally packed syringes and maximum thermometer were. on the floor the 
findings were unexpected, the temperature in the lower basket being higher 
than the oven temperature. It is considered that this probably resulted from 
conduction from the underlying heater. 

That heat does not penetrate tightly packed syringes as readily as it does 
loosely packed syringes is borne out by the finding of more positive cultures 
from the centre of the large baskets than from the side and from the loosely 
packed small baskets. 

Until recently it was usual to recommend that ovens be loaded cold,' but 
Darmady & Barrington Brock (1954) found that time was gained and no' 
efficiency sacrificed if ovens were loaded hot. Our findings support the latter' 
VIew. 

In deciding at what temperature sterilization will be carried out it is im
portant to remember that the oven must be maintained at a temperature which 
will sterilize syringes irrespective of their position in the oven. In our experi
ments sterilization was achieved in one hour at an oven temperature of 1600 C. 
but not at ·150° C. The variety of published recommendations on sterilizing 
temperature levels' has been reviewed by Darmady & Barrington Brock (1954), 
but 1600 C. for one hour is commonly recommended' in this country (M.R.C., 
1945; Mackie & McCartney, 1953; War Office, 1956). 

The regular testing of the efficiency of a hot air oven is essential. Bacterio
logical tests are necessary from time to time, but apart from difficulties connected 
with the production 'of a suitable test suspension, suffer from the disadvantage 
that delay is inevitable. The chemical indicator tubes are convenient to handle 
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Table I.-Results of the hot air sterilization of syringes. 

I. OVEN LOADED COLD 

I 
SHELF FLOOR 

Large Basket Small Basket Large Basket Small Basket 
- ----.------

Oven 
Tem-

Centre Side Centre Side 
-------

Test Time pera- ci. ci. ture " 
... E " 

... 
" 

... , 
" 

... E " 
... 

" 
... 

QC. ... 0 ... B ... B ... B ... 0 ... 0 ... " " 'to ... 
E .§ E-<U 3 '" 3 '" 3 '" E-<U ;:l ;:l '" u u u -3 u ... 

.~ 
;:l . ° "3 :u "3 :u "3 :.a .0 :u "3 "0 ,., ,., /'0 

U C '" U ..s U ..s U c '" U c U c - ~ '"'" ~ '"'" '"'" 
--------------------------- ------------

A , 133 1 hr .. + R 122 - R - R + R + R - R 

B 140 1 hr. + R 131 - R - R + R +, R - R 

C 150 1 hr. + R 142 - R - R + R + R - I R 

D 160 1 hr. - R 159 - G - G - R - R - RG 

E 160 1 hr. - R 155 - G - RG - R - R - RG 

F 160 1 hr, - R - R I - RG - G 170 

I 
- R - RG 

G 180 ! hr. 178 G 
I 

G I RG - R - I - - - R - G 

11. OVEN LOADED HOT 

A 141 1 hr. + R 130 + I R - R + R - + R - R 

B 150 1 hr. - R 147 - R - R' - R - + R - R 

C 161 1 hr. - R 154 - RG - G - R - - R - R 

D 180 ! hr. - R 174 - I G I - G· - R - - R - G 

All control syringes gave a posjtive culture of B. cereus. 
R=Red. RG = Incomplete change. G=c'Green. + =Contaminating organisms recovered. -= Contaminating organisms not recovered. 00 

w 
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84 Some Observations Relating to the Sterilization of Syringes 

.(although they must be stored in a refrigerator) and can be read immediately. 
As regards reliability, in no instance did we obtain a _positive culture from a 
syringe adjacent to a tube which had turned green, which in our experience 
required a temperature of 1600 C. for at least one hour. To ensure that these 
tubes turn green it may be necessary to prolong sterilization slightly beyond one 
hour. Colquhoun (1954)" describing a syringe service, mentions the routine 
use of this chemical indicator to check sterilization which he carries out at 
1700 C. for one and a half to two hours. As a routine we now insert an indicator 
tube with every second or third batch of syringes and always pack one with a 
sternal puncture needle. ' 

SUMMARY 

Sterility of syringes as judged by the killing of spores of B. cereus can be achieved 
at 1600 C. for one hour in the hot air oven tested. 

Syringes should not be packed too tightly. 

Loading the oven hot does not interfere with sterilization. 

The chemical indicator tested appears to be satisfactory.'-

I wish to thank Brigadier G. T. L. Archer, M.R.C.P.I.,Q.H.S., Director of 
Pathology, for suggesting this investigation, and Corporal Goodwin, R.A.M.C., -for 
much technical assistance. 
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