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Liquid propane and similar coolants are used in the rapid freezing of
biclogical specimens. These coolants form explosive gas mixtures with air,
with a 14,000-fold increase in volume over that of the liquid. The liquefied
gases have high vapour pressures and, unless they are maintained below
their flashpoint, the vapour above them will reach ignitable concentrations.
The flashpoint of liquid propane is -104°C. Ethane has a higher vapour
pressure, and vapour mixed with air above liquid ethane can be ignited at a
coolant temperature of -130°C. The danger is minimized if the coolant is
maintained near its freezing point and under a nitrogen atmosphere, in a
fume cupboard. Liquid nitrogen evaporates to a 690-fold increase in volume
at room temperature. It is important to ventilate the working area, especially
when cryo-sectioning in a small room, otherwise there is a possibility of
asphyxiation.

INTRODUCTION

Liquefied propane is being used increasingly for rapidly cooling biologi-
cal specimens: as this, and similar coolants, can form explosive gas mixtures
it is essential to consider relevant safety matters. Some aspects were
mentioned recently by Elder et al. (1982) and Silvester ef af. (1982), and a
fuller discussion is given by Robards & Sleytr (1985). These references
should be consulted by prospective users of cryo-methods.

This note gives further details, particularly with regard to the flammabil-
ity hazard. While gases such as propane are potentially very dangerous they
can be used routinely, providing the hazards are appreciated and precau-
tions are taken to minimize them.

The use of propane, ethane, and mixtures of propane and isopentane
(now named 2-methylbutane) can be divided into three phases: (1) liquefac-
tion, {2) cooling activities and (3) disposal.

(1) Liquefaction

Gas data sheets and information on normal safe handling procedures
should be obtained from the gas suppliers, also advice on the handling of
cryogens (for example, the BOC Gases publication entitled Care with Cryogen-
ics). Flammable gases must be stored outdoors, because valves leak when womn
or damaged.

Liquefaction should be done in a fume cupboard with a spark-protected fan.
The gas should be piped in from outdoors; where this is not practicable the gas
bottle should be returned outdoors immediately after liquefaction. Protective
clothing should be worn, as discussed by the authors cited above. Suitable
warning notices should be displayed.

Personnel must be appraised of first aid for cryogen bumns; this is to
immerse the affected area in lukewarm water and then to apply a cold compress.
Medical assistance should be sought for anything worse than a minor burn.

Propane, or ethane, should be condensed slowly in thin copper tubing
immersed in liquid nitrogen and collected in a cooled receptacle, after Moberger
et al. (1954). The end of the delivery tube should not be immersed in the liquefied
gas, especially when gas flow is stopped, because backflow can occur followed
by violent vaparization.

(2) Use for Cooling Purposes
After liquefaction the coolant is collected in, or transferred to, the pre-
cooled freezing device. It is cooled by liquid nitrogen and held under an inert
atmosphere of nitrogen gas, at a temperature near its freezing point. This
enhances cooling efficiency (Costello, 1980; Elder ef al., 1982; Ryan et al,
1987); also, in this state the coolant is below its flash point and its vapour
pressure is greatly reduced (see Table 1).

It is important to maintain cooling by liquid nitrogen and to monitor coolant
temperature. An over-temperature alarm set below the boiling point of the coolant
is recommended. The apparatus should not be left unattended.

Coolant temperature can be maintained by a small cartridge heater. The
power supply constitutes a possible ignition source and it should be situated
either in a spark-protected module or outside the fume cupboard. Electrical
safety should be ascertained by qualified personnel.

A magnetic stirrer can accelerate temperature adjustment,
although it constitutes another possible ignition source. Under

normal operating conditions, in & fume cupboard, vapour formation

Flammability Vapour pressure (mmHg) at the working temperature is negligible. The impeller shown by
Te N e T limits (%)  supported at temperature shown | Elder et al., (1882) could be used although, again, the motor could
(OC) (OC} {°C) Lower Upper 1 10 100 760 constitute a possible ignition source.
A major hazard is mechanical instability of the freezing
Methane 1826 187 615 53 150 2059 1955 -1814 -1615 | apparatus; it must resist accidental toppling, because this would
Ethane -183.2 130 886 30 125 1595 1429 -1183 886 roduce a cloud of explosi Th losi I derivabl
Propans 4897 104 424 21 95 1289 1085 796 421 produ u xplosive gas. The explosive volumes derivable
n-Butane 1384 80 05 19 85 -1015 -778 442 .05 | fromjust 1.0 ml of the liquefied gas are shown in Table 2. These
iso-Pentane  -159.9 56 278 14 76 829 570 202 278 volumes cannct be regarded as being precise, because the thermo-
Nitrogen -209.8 -195.8 physical constants vary according fo source,
Oxygen -218.4 -182.9 The build-up of flammable gases can be detected with a
iiethylether 1522 -gg ggg ;g ?gg Tgi 481 115 346 | sensor; such a device was used by Silvester et al. (1982). It should
cetone -25. - . . : -59. =314 77 565 2
b 939 17 649 e e BT e be noted that somelbaﬁeryoperated models only sample the atmo
Ethanol 1173 13 784 33 191 313 23 349 784 | SPhereeveryfew minutes.

Note: the flashpoint for methane is below its melting point; solid methane has a vapour pressure

of 40 mmHg at-187.7° C.

Coolants maintained below -183°C can condense atmo-
spheric oxygen. This danger was recognized by Stephenson
(1954) and is more likely when using pentane/propane mixtures

Table 1. Physical characteristics of flammable compoints commenly used in cryo-
technique, and transition temperatures for nitrogen and oxygen. (T, melting point; Thy
flashpoint; Ty, boiling point). The flashpoint is the temperature at which the vapour
concentration above a flammable compound, in contact with air, attains the lower
flammability limit. The solvents are used as freeze-substitution media. Data for methane
and butane, commonly used in laboratories, are shown for comparison. Data taken from
the Handbook of Chemistry and Physics, 65th edn, 1984, CRC Press, Cleveland, Ohio.
Flashpoints taken from L. Bretherick, Handbook of Reactive Chemical Hazards, 1975,
Butterworths, London
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(Bell, 1952; Jehl et al., 1981); these are cocled directly by liquid
nitrogen, with no heating. The risk is minimized if the cooling
chamber is continually flushed by liquid nitrogen boil-off.

(3) Disposal
The simplest method of disposal is to allow the coolants fo
evaporate safely in the fume cupboard, after removing all ignition
sources. It is imperative that the extractor fan is not turned off, for
example, by a night watchman; notices should be displayed. An-
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other method is to fransport the coolant outdoors and pour it slowly onto a hard
surface, ensuring there are no ignition sources nearby. If the coolant is poured
onto soil the gas can linger in the ground for long periods. Discharge of static
electricity should not occur in the area.

DISCUSSION

The coolants are relatively safe when maintained near their freezing point
and under an inert atmosphere, unless they are overturned or splashed onto the
operator. The danger derives from any gas accumulating in the room, the
potential explosive volumes of which can be calculated from Table 2.

In our experience litlle coolant is lost by splashing when plunge-cooling;
typically, with a 13 cm deep device containing about 40 ml of coolant (Ryan &
Purse, 1985) about 3 ml may be lost over several high velocity plunges. The
coolant will settle to a constant level thereafter, unless continually replenished. A
similar situation may be expected with the very efficient Reichert KF8O device.

Freezing by the propane-jet method presents a different situation. The
operation of the Baizers QFD 101 device was improved recently, resulting in a
delivery of about 50 ml of liquid propane per operation (Haggis, 1986). With the
expansion factor of up to 14,619 (Table 2) this 50 ml could mix with air to form an
explosive volume of 7301, if incorrectly vented.

It is salutory to note that 1.0 | of liquid nitrogen produces about 690 | (0.69
m’) of gas at room temperature. The importance of maintaining ventilation is
obvious, particularly when cryo-sectioning in a small room: there is a real danger
of asphyxiation.

Much of the above also applies to the use of the various Freons, although
they are not Inflammable. However, there is growing concern over their use and
their part in possibly destroying the ozone layer of the Earth. They are currently
banned in aerosols in the U.S.A. and Scandinavia (Glenny, 1987).

ACKNOWLEDGMENT
We are grateful to Prof. Hellmuth Sitte and Dr. Klaus Neumann of the
University of Homburg-Saar, F.R.G., for drawing our attention to the hazard of
liquid nitrogen evaporation during cryo-sectioning. M

NOTE ADDED IN PROOF

We are grateful to the Health and Safety Executive, Bristol, for suggesting:
(1) that volumes of up to 200 ml of liquefied flammable coolant may be handled,
(2) no cylinder equipped with a liquid outlet is used, (3) disposal is done on a bed
of pebbles rather than on a hard surface, in case there is a gradient towards the
person doing the disposing.

We are also grateful for proofs from a forthcoming book in which, among
other Important safety information, data are given regarding the hazard of
asphyxiation with gaseous nitrogen: Sitte, H., Neumann, K. & Edelmann, L. (in

Density - Spec. vol. Explosive volumes (ml)

atT, at20°C Gasvol.at20°C

(gml)  (mlig) from 1 mlat T,, (mi) Lower%  Upper%
Methane 0.43 1480.0 636 12,000 4240
Ethane 0.54 799.0 431 14,366 3448
Propane 0.58 530.6 307 14,619 3231
n-Butane 0.60 399.5 239 12,578 2811
iso-Pentane 0.62 16 152 10,857 2000
Nitrogen 0.80 861.5 689

Note: The volume of vapour from iso-pentane was calculated using the vapour pressure
curve, which reveals a vapour pressure of 0.736 atm at 20° C. One gram mole (MW
72.15) would produce 17.71 of vapour (pure}; 1 ml would produce 152 ml of vapour, which
yields 10,857 ml of gas mixture on dilution to the lower flammability limit.

Table 2. Calculation of explosive volumes of gas dirived from 1.0 ml of liquefied
gas. The volumes are calculated for the concentrations concomitant with the
flammability limits in Table 1. The volume of gas dirived from liquid nitrogen is
also shown. Density and specific volume data taken from BOC Special Gases
catelogue.
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press) Safety rules for cryopreparation. In: Ciyotechniques in Biological Electron

Microscopy (ed. by R. A. Steinbrecht and K. Zierold), pp.285-289. Springer

Verlag, Heidelberg.
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