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THE importance of continuous cold storage of certain biological products, 
and of the maintenance of a degree of refrigeration while such products are 
in transit, is well recognized. Yellow fever vaccine is perhaps the best example 
of a product with a low heat tolerance since it is rapidly killed at temperatures 
above 40°C., but other preparations containing living virus, such as vaccine 
lymph, require to be kept at low temperatures which must be maintained during 
transit. Continuous cold storage is also necessary for blood banks and in 
containers for the transportation of blood. 

It is necessary to determine that the limits of a requisite temperature range 
have not been exceeded ina static refrigerator following power cuts or 
mechanical failure or in the thermos container while in transit. The upper 
critical level depends upon the biological product, but in general is in the region 
of 5° C. to 10° C. It is also of value, in certain cases, to ascertain whether the tem
perature has risen above freezing point. 

In a static refrigerator the following indications of continued cold conditions 
even when the mechanism is, or has been, out of operation may be noted. 

(1) In the main cabinet: a coating of ice adhering to the exterior of the 
freezing compartment. . 

(2) In. the freezing compartment: a coating of ice on the outside or the 
presence of ice cubes in the ice trays. 

In thermos transit containers the presence of ice or dry ice indicates that 
satisfactory conditions have been maintained throughout the journey. 

In certain circumstances, however, these indications may be absent though 
a temperature likely to endanger the heat labile contents has not been reached. 
This is especially true when an ice salt freezing mixture has been used in ther
mos transit containers but ice is found to be absent at the end of the journey. 
In this case some form of indicator is essential if the loss or reassay of the valu
able material is to be avoided. 
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For the main cabinet of the domestic type of refrigerator or for large cold 
storage units a maximum-minimum thermometer is ideal; but such an 
instrument is too large for the freezing chamber of the former and often has 
not the temperature accommodation for it. Neither can a maximum-minimum 
thermometer be used in packages for transport since, apart from its size and 
fragility, the miavoidable joltings and alterations of position will displace the 
indicator needles. It was therefore considered that a form of Temoine tube, 
of stout construction and capable of being prep'ared 'in any laboratory, was 
needed. 

MATERIALS AND MANUFACTURE 

The principle governing the working of the Temoine tube is orthodox in that 
it depends upon the solution of a dye once the melting point of the indicator 
solvent is reached, but is :unorthodox because two liquids of different melting 
points are used and solution of the dye only takes place when the higher melting 
point solvent has been liquefied. 

The reagents used for its preparation are: 
(1) Distilled water. ' 
(2) Benzene A.R. 
(3) An intensely coloured water soluble dye, e.g. basic fuchsin. 

The apparatus required, which ought to be found in most laboratories, is 
as follows: 

(1) Thick-walled Kahn tubes 3 in. x -Vs in. 
(2) Capillary tubing of external diameter S.W.G. 16. 
(3) Two Pasteur pipettes, one marked at 0·2 m!., and the other at 0·4 ml. 
(4) -Copper Wassermann test-tube rack fitted in an ice-tray. 
(5) A freezing mixture, e.g. salt and ice. 
(6) Small oxy-gas or Bunsen burner. 

METHOD OF PREPARATION 

The Kahn tubes ate carefully washed and dried before use. It is best to . 
soak them in chromo-sulphuric acid for a few hours, wash well in tap-water, 
rinse in several changes of distilled water and dry upside down in a wire rack in a 
warm hot-air ,oven. 

(2) Small n~ks are made in the tubes. This is best done by roughly anneal
ing a piece of glass tubing to the open end and rotating the tube about 1 ii-2ii 
cm. from the open end in a fine gas flame. It was found best to allow the glass, 
at the time of heating, to collapse rather than to pull it. In doing so only a 
short neck is made which improves the strength of the seal when the tube is 
completed. , 

(3) A Wassermann rack is fitted in an ice-tray from which the cube-making 
baffles have been removed.' Powdered ice and salt-freezing mixtlire is packed 
around the bottoms of the tubes so that about h.alfaninch from the bottom is 
surrounded with the mixture. 

(4) Dry benzeneA.R. 0·2 c.c. is introduced into each tube by means of the 
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marked Pasteur pipette, and the tray and the contents are put in the freezing 
compartment of a refrigerator to solidify. 

(5) Capillary tubes to hold the dye are prepared in the normal way. They 
should have an exterior diameter of not less than S.W.G. 16. The end of the 
capillary wbe is packed by continually plunging it into the powdered dye. 
This method will pack, tightly, about 2-3 mm; of the wbe. A section approxi
mately I mm. in length is .cut off the end of the capillary by means of an 
ampoule knife or the end of a microscope slide. 

(6) When the benzene is frozen hard one of the dye-containing capillary 
wbes is dropped on to it; care being taken to note whether any particles of the 
dye adhere to the wall of the test wbe. A further 0'2 C.c. of the benzene is 
then added to each tube and is allowed to freeze hard: 

Distilled water which has been cooled to below 4° C. is then layered on top 
of the frozen benzene, 0'4 C.c. to each wbe, and is allowed to freeze :also. 

The constrictions in the test tubes are next drawn off in a small Bunsen 
or blow-pipe flame. Each finished ampoule is carefully returned to the rack 
so that the hot seal is, not splashed or allowed to come into contact with the cold 
surface of the rack. 

The Temoine tube is now ready for use. 
There are certain points to be borne in mind in the preparation of the 

Temoine wbes: 
(a) Make sure that the tubes are perfectly dry before adding benzene. , 
Benzene which has come in contact with water above 8° C. will not freeze 

even at - 20° C. , 
(b) Before adding the second 0'2 c.c. quantity of benzene it should be cooled 

to below 8° C" This will ensure that if there is any water condensate in the 
tube the benzene will not absorb sufficient of it to render it unfreezable. 

(c) The dye must be packed tightly in the capillary tubes so that when it 
is dropped on top of the first layer of frozen benzene ~one of the dye comes 
in contact with the constriction and/or the walls of the tube below .. Should 
it happen it will be sufficient to colour the water and render the tubes useless 
from the beginning. 

STORAGE AND TRANSPORTATION 

When storing the wbes they should be kept in an upright posltlon and 
below 0° C., preferably in the freezing compartment of a refrigerator. But 
when they are required as' indicators they should be placed upside down (i.e 
with the sealed end downwards), either free, or in a test tube rack or in a metal 
container . 

. The inverted position serves three purposes. Firstly the appearance of a 
colourless liquid in the bottom of the tube is a ready index that the temperature 
has risen above 0° C.-the ice having become water. Hence the tube becomes 
an indicator of two critical temperatures. Secondly, the semi-rrielted' benzene 
block slips from the top of the tube and floats on the water below so that when 
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the capillary tube is released from the frozen benzene it must fall through an 
inch depth of water which facilitates the rapid solution of the telltale dye. 
Thirdly, if the tube is not inverted and the water allowed to melt, it may diffuse 
down the sides of the solid benzene and give .a false figure by dissolving some 
of the dye. . 

When required for transportation in the thermos transit containers it is 
best to have the Temoine tube free, vertical and in an inverted position, for if 
left lying on its side the ice and benzene will flow, after a short time, even 
though maintained well below 0° C. . 

SENSITIVITY OF TEMOINE TUBE 

The melting-time curve is, as one would expect, parabolic. The Temoine 
tube will give a positive irreversible reading when maintained at 6° C. in 
eighteen minutes find at 40° C. in forty-five seconds. FigUre I shows the melting 
time at certain definite maintained temperatures. 
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Two Temoine tubes were placed upside down, at each temperature under 
consideration in a temperature-controlled water bath. They were allowed to 
register without shaking. The end-point was taken as the point when all the 
benzene had become fluid. By this time, sufficient of the dye had gone into 
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solution to produce an unmistakable "positive" result which was even more 
striking on re-freezing the contents of the tube. ' 

Slow rises in temperature were also examined. Two Temoine tubes were 
placed upside down in a beaker of 300 cc. capacity with water at 4'5° C. The 
temperature of the atmosphere, was 18'0° C. and the temperature of the water 
in the beaker rose to 7° C. in thi:r;ty minutes. This was sufficient to exhibit 
a "positive" end-joint. The same experiment was carried. out between the 
temperatures of 5° C. and 8° C. during which the result was obtained in 
twenty-eight minutes. 

When two of the tubes were placed in a metal rack at air temperatures at 
18'5° C. an end-point was achieved in twenty-two minutes. 

FIELD TRIALS 

Reports from units holding stocks of the Temoine tubes in their refriger
ators show that a colour change was apparent only after power cuts or 
mechanical failures. When maintained in the cabinet of a refrigerator the 
water only was found to be melted when the refrigerator was working properly. 
In deep-freeze refrigerators no change was indicated even after months of 
storage. In one case only a tube was different from the others in that the tube 
instead of standing upright had been tilted to one side and the benzene and 
water had flowed even though both were frozen quite hard. There was no 
coloration in this tube. 

Only one report is to hand on the carriage of the tubes in transit thermos 
containers.' The tubes did not change in colour nor had the water melted but 
then there was quite a large quaptity of ice present when the container reached 
its destination. 

SUMMARY 

(1) A cold Temoine tube for the indication of temperatures in the range 
0° C.c-6° C. is described. 

(2) Its preparation and use is described in detail. 

(3) It gives a positive irreversible reading in eighteen minutes when main
tained at, 6° C. 

(4) A short note on field, trials is also included. 

I am indebted' to Colonel G. T. L. Archer and Colonel A. N. B. Odbert 
of the Medical Directorate, G.H.Q., M.E.L.F., for all their suggestions and 
assistance in the production of this paper. Also to my Corps colleagues who 
have helped me by giving the tubes a trial. 
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