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FREEZING FOR MUSEUM INSECT PEST ERADICATION

MARY-Lou FLORIAN

Conservation Services Section, Royal British Columbia Museum,
675 Belleville Street, Victoria, British Columbia V8V 1X4, Canada

Abstract.—Insect pests may be eradicated by freezing as an alternative to the use of
fumigants and pesticides. To avoid damage from the freezing process, specimens must be
sealed in polyethylene bags at room temperature, cooled steadily to —20°C, and held at this
temperature for at least 48 hr. The bag must not be opened until the contents have thawed
to room temperature (at least 24 hr). Repeated freeze-thaw cycles are recommended to assure
insect eradication. Freezing to control insect pests in museum specimens will be most
effective when it is used as a component of an integrated pest management program.

Freezing objects composed of dry adsorbent organic material (herbarium spec-
imens, dried skins, taxidermy specimens, mounted insects, skeletons, etc.) for
insect pest eradication is recommended as an alternative to chemical treatment.
Health hazards, legal aspects of using insecticides and fumigants, the lack of
appropriate monitoring equipment in most collections, potential chemical reac-
tions with the materials in museum specimens and the resulting toxic byproducts
limit the practicality of chemical pest control. Freezing is a viable alternative,
especially when incorporated into a system of integrated pest management (Flo-
rian, 1988, 1989).

INSECTS AND DIAPAUSE

In freezing museum insects for eradication, care must be taken not to put the
insects into diapause (a freeze-resistant state). Insects may be categorized as freeze-
tolerant, freeze-sensitive, and freeze-resistant (Zachariassen, 1985). Freeze-tol-
erant insects are able to withstand the formation of ice in the body fluid at
temperatures equal to or below supercooling capacity. Freeze-sensitive insects
lack tolerance to the formation of ice in body fluid. Freeze-resistant insects use
avoidance mechanisms (acclimation, dehydration, production of alcohols, etc.)
to prevent freezing.

Mullen and Arbogast (1984), in discussing the problem of freezing insects in
stored foods, grouped insects as those killed at temperatures above freezing; those
killed as soon as tissue freezes at 0°C; and those that are freeze-tolerant.

Salt (1961) maintained that household pests do not normally encounter cold
temperatures and thus should not be able to tolerate freezing temperatures. How-
ever, there are specific cases reported in the literature of household insect pests
which survive freezing temperatures, i.e., cigarette beetle eggs (Mullen and Ar-
bogast, 1984) and hide beetle larvae (Ketcham-Troszak, 1984), both of which are
of concern in museums.

The reasons for the time-dependent effects of cold have not been well defined,
but from physiological experiments on oxygen consumption and rate of devel-
opment, it is probable that the rate of metabolic activity is greatly reduced and
may not be tolerated over a long period of time (Wigglesworth, 1972).

Collection Forum, 6(1), 1990, pp. 1-7
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Tue EFFecTSs OF FREEZING ON INSECTS

There are two main questions about the effects of freezing temperatures on live
insects: why are the insects killed; and why are some insects freeze-resistant?

When living cells (which have 90% water content) are subjected to low tem-
peratures, specific physical and chemical changes occur, some of which may be
lethal. Whether death by freezing is the result of a combination of events or a
single event has not been conclusively shown. The possible lethal events are
dehydration effects, osmotic swelling, changes in enzyme reaction rates, and ice
crystal formation.

Dehydration effects (Loveloch, 1953; Zachariassen, 1985) include the concen-
tration of solutes in the cell due to the loss of free water. Free water diffuses out
of the cells and forms ice crystals between the cells in the intercellular fluid. Water
loss (dehydration) in insect cells should increase their electrolyte concentration
and lower their freezing or supercooling temperature, but there is as yet no clear
evidence to support this theory. Salt (1950) reported that relative humidity (RH)
does not influence the freezing temperature of insects. In theory the moisture
content of rapidly cooled insects will increase because the adjacent air, as it cools,
will increase in humidity.

Freezing of the body fluids in intracellular or intraintestinal compartments may
lead to osmotic swelling in the unfrozen compartments and an eventual lethal
rupture of confining membranes (Zachariassen, 1985).

The rate of enzyme reactions decreases at lower temperatures, but enzyme
activity is not usually inhibited even at very low temperatures (Joslyn, 1952; Sizer,
1943). The rate of enzyme reactions may increase with freezing because of the
increase in concentration of the enzyme and substrate (Lindelv, 1976).

Water in cells and tissues may take one of three different states—molecularly
bound; bound to other water layers; or free water. Molecularly bound water is
bonded to polar sites of molecules and does not freeze at —20°C (Meryman, 1966;
Sinanoglu and Abdulnor, 1965; Zachariassen, 1985). Although easily lost and
regained with changes of humidity, it rarely freezes. Free water may be located
inside capillaries, inside and between cells, in vacuoles and between large fibers.
It readily freezes, is quickly lost on drying, and is active in osmosis.

The formation of free ice crystals will vary according to the velocity of freezing
(Luyet, 1960, 1970). The slower the rate of freezing, the larger the resulting crystals.
In slow cooling of living tissue, a few large ice crystals are formed first in the
intercellular fluid. These crystals are not considered lethal or damaging, but may
act as nucleation particles or sites for intracellular ice crystal formation. The
intracellular ice crystals physically rupture cell and organelle membranes (Karow
and Webb, 1965).

If ice crystals have not formed on freezing, they may form during slow thawing.
Luyet (1970) reported that ice crystallization may resume upon warming because
ice crystal growth is temperature and time dependent.

Uvarov (1931) showed that the effects of low but above freezing temperatures
are time-dependent. The importance of the time of exposure to moderately low
temperatures (2°C) was illustrated in experiments on bedbug eggs. After 10 hr at
this temperature, 80% hatched normal larvae, but after 39 hr, no larvae hatched.
Uvarov (1931) also reported on the variation of the fatal time of exposure between
two species of grain insects. For Sitophilus oryzae, at 7.2°C, the fatal time was 60
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hr, and at —17.7°C, it was 1.5 hr. With Sitophilus granarius, the fatal times were
75 hr and 2.5 hr, respectively.

Supercooling and Cold Acclimation

Supercooling may prevent freezing from being lethal. Some insects which are
freeze-resistant or cold-hardy produce glycerol in their body fluids, which allows
them to supercool to —15°C. During glycerol supercooling, the water forms a
vitreous sheet (Pryde and Jones, 1952; Kauzmann, 1948). If ice crystals do form
inside the cell during supercooling, they are small and diffuse and do not cause
physical damage.

Salt (1956) noted that, in hibernating insects, at —10°C, about 75-80% of the
body water is frozen; at —15°C, about 85-90% is frozen; and at —20°C, close to
90% or more is frozen. At —15°C, only a small group of freeze-tolerant insects
can survive, Zachariassen (1985) reported that freeze-tolerant insects become
injured when 65% of their body water freezes and stated that “the temperature
range from —7 to —12°C is considered as the general supercooling limit of active
insects, regardless of season and geographical distribution.”

Insects held at the lower limits of the supercooling point will freeze after a
passage of time. Salt (1950, 1961) illustrated this with Cephus cinctus.

Salt (1961) also showed that hibernating insects improve their tolerance to low
temperature by acclimation, or “cold-hardening,” so that they can supercool. He
showed that with the wheatstem sawfly, Cephus cinctus, the slower the rate of
cooling, the higher the supercooling point.

It isimportant to realize that this physiological change is very rapid. Acclimation
can occur in 4-18 hr as long as the insect is at a temperature at which it can still
move. Insects which cannot move are unable to acclimate (Wigglesworth, 1972).

Insects also undergo heat acclimation, so that, if they are placed in unusually
warm temperatures, their tolerance to low temperatures is greatly reduced (Wig-
glesworth, 1972).

Wigglesworth (1972) reported that after repeated freeze and thaw cycles, the
supercooling ability is eliminated and freezing occurs as soon as freezing tem-
peratures are reached. Florian (1978, 1986) suggested that repeated freeze-thaw
cycles should be used for insect control in artifacts to ensure that lethal conditions
for eradication are obtained.

Thus, to make insects most vulnerable to freezing they should be acclimated
at a high temperature (room temperature) before freezing. They should be cooled
to approximately 5°C in at least four hr, so that they cannot move. Materials in
a chest freezer with adequate air movement will reach this temperature in less
than four hr.

The question also arises of whether different stages in the life cycle of the insect
are equally vulnerable to freezing. Asahina (1966) listed the freeze-resistance of
eggs, larvae, pupae and adults of several insect species. No general conclusions
can be drawn from this study because, like similar tests reported in the literature,
the rate of freezing and thawing and the previous environmental acclimation of
the insects were not recorded. We would expect that such structures as the cocoon
would have some insulation advantage, but Asahina (1966) suggested that the egg
shells, hibernacula, cocoons, and puparia prevent ice seeding but do not affect the
rate or degree of cooling. This does imply that stages with these coverings may
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be more resistant. Salt (1961) reported that ice nucleation readily occurred in
actively feeding insects both in the feces and in their digestive tracts. Thus, actively
feeding insects may be less resistant to freezing than inactive stages.

Ketcham-Troszak (1984) showed that all stages of the life cycle of the hide
beetle (Dermestes maculatus Degeer) were killed by exposures of 48 hr at —12°C,
24 hr at —15°C, and 4 hr at —20°C.

To be lethal to insects, the freezing procedure should result in cellular damage
from dehydration effects, intracellular ice formation, the loss of bound water, or
the reduction of enzyme activity. Supercooling should not be allowed to occur
during the freezing procedure. The rate of freezing and thawing must allow cell
damage to occur. The minimum temperature must be below the supercooling
limit. The time held at freezing temperatures must be sufficient to allow intra-
cellular ice crystal growth. Thus, flash freezing and thawing must be avoided. If
possible, specimens should be thawed slowly in a refrigerator.

Freeze-Resistance and Insect Eradication

Because it is not known if museum insect pests can become freeze-resistant,
we must be sure that the procedures we use do not mimic those that naturally
develop freeze-resistance. The two most important physiological states to guard
against are cold acclimation and supercooling ability. Cold acclimation could
occur if infested material is exposed to a cool environment before freezing or if
the temperature lowers too slowly during the freezing process.

Repeated freeze-thaw cycles break down the supercooling ability of insects and
should be used as a component of the freezing procedure.

Because the lethal action of low temperature is both time and temperature
dependent, the length of exposure to minimum temperature in the freezing pro-
cedure is critical.

If high RH enhances the vulnerability of insects to freezing, placing infested
material in a sealed, airtight bag with ambient air of 50% RH should bring the
desirable increase in humidity as the closed container cools down.

ErrFeECTS OF FREEZING ON DRY ADSORBENT
ORGANIC MATERIALS

The effects of freezing on dry organic materials and museum insect pests have
been been thoroughly reviewed (Florian, 1986). The following conclusions were
reached concerning freezing dry organic materials:

1. Water in dry museum specimens composed of adsorbent materials (equi-
librium moisture content of up to 28%) will not freeze at —20°C; thus ice damage
will not occur. (Adsorption here refers to the adhesion of an extremely thin layer
of molecules to a surface.)

2. Sealing the specimen in a clear polyethylene bag (for visibility and low
permeability) before placing it in the freezer prevents any dramatic moisture
content changes which would cause dimensional changes due to swelling or shrink-
age. It also prevents condensation from forming on the specimen while it is in
the freezer. After the bag has been removed from the freezer, it should not be
opened or the contents removed until the specimen inside has reached room
temperature (at least 24 hr). This procedure prevents condensation on the object.



1990 FLORIAN—INSECT PEST ERADICATION 5

3. Water vapor in the air in the bag with a specimen will not freeze at —20°C,
the established temperature for the freezing procedure.

4. If the specimens are composed of adsorbent materials, they will adsorb the
excess water (released by the cooling air in the partially evacuated bag) according
to their regain ability, and condensation will not occur. The moisture content of
the adsorbent materials will increase. The amount of water available for adsorption
is small in reference to the amount that can be adsorbed. Museum objects com-
posed of non-adsorbent materials should not be subjected to freezing because they
cannot adsorb the excess water vapor which will condense to form frost on the
surface.

5. If the moisture regain of the material is in doubt, condensation can be
prevented by eliminating the air in the bag by partial evacuation or vacuum-
packing if the object is stable, or by controlling the RH of the cooling air with
buffering adsorbent materials.

6. Research is needed to determine the regain ability (the amount and rate of
adsorbency of materials) at below freezing temperatures. It is known that regain
occurs at ~20°C and the rate is determined by the vapor pressure of the water in
the materials (Darling and Belding, 1946).

7. Strength changes of wood, wood adhesives, and polymers generally increase
with a decrease in temperature. The strength change is reversible on warming.
The strength change increase may be due to the increase in strength properties
which results from an increase in moisture content. Minor isodiametric thermal
shrinkage and swelling (less than 1%) of wood may occur during the freezing
process.

8. Non-adsorbent materials may become brittle at extreme freezing tempera-
tures, but —20°C is not sufficiently cold to cause a permanent change. The brit-
tleness is immediately reversible on warming.

9. Seed germination rates and viability are influenced by freezing. The freezing
of herbarium materials where the viability of seeds is a concern needs to be
assessed.

10. The cooling rates of the material must be determined in order to ensure
that the insects are held at the minimum lethal temperature for the right length
of time (—20°C for 48 hr). Thermocouples or thermistor probes are recommended
to monitor the temperature reduction of the specimen. Most materials, if spaced
well, will reach 0°C in less than 1 hr.

If these procedures are followed, no deleterious effects on dry adsorbent material
should occur.

PROCEDURES FOR FREEZING DRY ORGANIC
MATERIALS FOR INSECT ERADICATION

Specimens composed of non-adsorbent materials should not be processed in a
constant temperature chest freezer.

1. Use a chest freezer, since there will be less loss of cold air when the freezer
is opened to place the bagged specimens inside. Do not use frost-free type freezers,
as these do not maintain a steady low temperature, but regularly warm up and
cool down to clear frost formation.
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2. The infested specimen should be sealed in a bag composed of airtight, clear
polyethylene film. The air in the bag should be partially evacuated. The amount
of air evacuated will depend on the stability of the specimen and its tolerance to
the pressure of the film against it. Seal the bag immediately, because, as soon as
the specimen is in the bag, insects will respond to the environmental change and
try to escape. If the specimen is very large, pretreated silica gel or adsorbent
materials can be included with the specimen in the bag to absorb the excess water
which results from the reduced holding capacity of the cooled air.

3. Bagged infested specimens should be kept at room temperature (above 18°C)
until placed in the freezer. In an emergency, they may be placed in a refrigerator
(5°C) until freezer space is available, but should not be temporarily stored in a
cold basement or cold storage with temperatures above 5°C.

4. There should be adequate air circulation around the bagged specimen in the
freezer to allow for as rapid cooling as possible.

5. Thermocouples or thermistor probes should be used to record the temper-
ature, rate of cooling, time at minimum temperature, and rate of thawing.

6. The minimum temperature of the specimen in the freezer must be —20°C.

7. The time at the minimum temperature must be 48 hr.

8. A slow rate of thawing is desirable. If possible, place specimens directly from
the freezer into a refrigerator or cold storage until thawed.

9. It is desirable to repeat the freeze-thaw cycle immediately.

10. Do not break the seal or remove the specimen from the polyethylene bag
until it has reached room temperature and there is no condensed water on the
outside of the bag. If possible, leave the specimen in the polyethylene bag for
storage. All insect remains should be removed.

11. A record of the freezing procedure should be made and included with the
treatment or condition report for the specimen. Ideally the record should include
the insect pest identification, stages, and activity; bagging materials and methods;
rates of cooling and thawing; time held at minimum temperature; physical changes
observed; and the date of cleaning the insect remains from the bag. This last step
is important because it establishes a zero point at which no insect remains were
present.

SUMMARY

From the literature and experiences of museums who are using freezing for
eradication of insects, it is apparent that the procedures described above are lethal
to museum insect pests. Situations in which there was an apparent failure can be
traced to a lack of monitoring of the temperature to —20°C and not holding the
specimen at this temperature for the required 48 hr. The procedures described
here prevent possible freeze-resistant insects from undergoing cold acclimation
and surviving the freezing temperatures.

There should be no damage to materials if they are adsorbent and are not wet.
No damage has been reported using the procedures as described above. Thermal
shrinkage is minimal and dimensional changes will not occur because the equi-
librium moisture content should not change.

This review is not intended to give specific advice. Relevant information is
presented to assist in making logical decisions, for each specific situation, on the
use of reduced temperature for museum insect pest eradication.
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A LOW-COST RADIOACTIVITY TEST FOR
GEOLOGIC SPECIMENS

ALICE M. BLOUNT

The Newark Museum, P.O. Box 540, Newark, New Jersey 07101

Abstract. —Fogging of black-and-white photographic film exposed in light-tight packets
to geological samples containing unknown quantities of natural radioactivity is an inexpen-
sive guide to screen collections for radioactive samples.

Radioactive minerals are frequently present in mineral, rock and fossil collec-
tions. Minerals containing uranium and thorium can be very highly radioactive,
but fossils, particularly those containing carbon, can also have appreciable ura-
nium content (Woodmansee, 1975). In recent years, there has been an increased
awareness of the dangers associated with radioactivity. As a curator of earth science
collections, I am frequently asked how one can determine radioactivity without
a geiger or scintillation counter. I generally recommend the following photographic
technique. This procedure involves placing the specimen on top of black-and-
white film in a light-tight packet. After several days the film is processed. Radio-
active samples will be indicated by a fogging of the film.

This note describes the photographic method for detection of radioactivity.
This method is simple and inexpensive. It should be emphasized that the method
is intended only to demonstrate which specimens contain radioactive elements
and to give a relative idea of the intensity of this radioactivity.

FiiM AND EXPOSURE

The film used was Kodak T max 400 black-and-white film. For this type of
film all manipulation and processing must be done in total darkness (as indicated
on the instructions accompanying the film). To make the test, a short length of
film must be enclosed in a light-tight packet. I make packets from the black plastic
that had previously enclosed photographic print paper. However, a heavy black
plastic garbage bag will work equally well. The selected plastic material is formed
into an envelope before going into the dark so that a few inches of film can be
cut from the roll of film, inserted in the envelope and the edge folded over and
clipped shut easily (Fig. 1).

The specimen of interest is placed on the film packet (Fig. 2). A paper clip is
placed between the specimen and film so that an image will appear on the film
fogged by radiation. For this paper, I left T max 400 film under a specimen of
uranothorite for three days.

The film used has an ASA number of 400 indicating a fast film. Several speeds
of T max and other black-and-white films can be used. The exposure time varies
according to the ASA number. For example, a film with ASA 200 should be
exposed twice as long as ASA 400, and ASA 100 four times as long. If several
lengths of films are to be processed at one time, each length can be identified by
notching the edge with scissors before placing in the packet.

Collection Forum, 6(1), 1990, pp. 8-11
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Figure 1. Packet with black-and-white film enclosed.

PROCESSING OF FiLm

Processing of the film must be done in-house since commercial processors will
not deal with short pieces of film. The processing is not difficult. Three solutions
are needed: (1) developer, (2) rinse bath and (3) fixer. The rinse bath can be pure
water or water mixed with a milliliter (teaspoon) or so of vinegar or acetic acid.
The developer and fixer may be purchased as packets of dry chemicals from a
camera store.

Figure 2. Specimen on film packet. This specimen showed 17,000 counts per second (cps) when
measured with a scintillation counter as compared with 33,000 cps for the most highly radioactive
minerals.
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g E T T I I YT AR RN

TSR RRr SRR R RE R R R R R R RN

Figure 3. The top film shows the results of three days of exposure to the specimen shown in Figure
2. The lower film is the control, which was not exposed to radioactivity.

The developer used for T max 400 was D-76. The film instructions will indicate
which developers are appropriate for the film used. Salespersons at any good
camera store also should be able to offer advice, and publications, such as “Black
and White Processing Using Kodak Chemicals” (Kodak Technical Publication
J-1), can be obtained at a modest price by those wishing more detailed information.

The fixer is the same for all films and print papers. The mixing instructions are
printed on the packages and all measurements are given in metric and English
units. The mixing involves combining the dry chemicals with tap water, and,
although water temperatures are indicated for each solution, the temperature is
not critical. The developer should be mixed with slightly warm water and the
fixer with cool water. The solutions can be kept for several months. It is best to
keep them in a dark place or to store in dark bottles. The bottles should be labeled
and dated.

For processing, three bowls or developing trays are needed. Bowls can easily
be made by cutting the bottoms from large plastic bottles. The bowls should be
filled with about one inch of solution and placed in the following order: developer,
rinse bath and fixer.

The time that the film should remain in each solution is indicated on the
instructions with the film. For T max 400 the time in the developer is nine minutes.
After nine minutes in the developer, the film is rinsed in the rinse bath and placed
in the fixer. The room light can be turned on after the film has been in the fixer
for about one minute, at which point the film will have an opaque pink appearance.
Total fixing time is about five minutes.






