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CARING FOR COLLECTIONS ON EXHIBIT*

Regardless of their nature, museums depend upon physical objects
to tell their stories. Some of these objects, such as the Liberty
Bell, have transcendent national importance. Others are simple
everyday objects which reflect aspects of the story being told or
record and verify research on certain subjects. All these objects,
whatever their importance, are alike in requiring constant care to
preserve them. Metals corrode; paints, dyes, and inks fade; cloth,
hides, and wood are subject to insect and rodent attack; and many
other hazards threaten the survival of museum objects. None will
last forever, but with proper attention, you can enable the objects
in your museum to endure for centuries to come. It is the obligation
of every museum to make sure the objects entrusted to it do survive.

Much has been said and written about preparing, repairing, -and
preserving museum objects and how to handle and store collections.
Nevertheless, there are many museums which devote a great deal of
attention to proper preparation, conservation, and storage but which
never are concerned with the protection of objects on exhibit. It
may be true that, in many museums, exhibit cases provide more pro-
tection that store rooms but that should not be an excuse for ignoring
the care of objects once they have been placed inside an exhibit case.

This paper will attempt to identify the hazards that objects

on exhibit may face and note the several ways in which these hazards
may be reduced or eliminated.

Basic Steps

There are four things a museum curator must do without fail in
order to preserve and protect the collections entrusted.to him.

1. See that each object entering the collection is properly
prepared for preservation.

2, Place the object in a safe environment.

3. Inspect it periodically.

4, Provide it repeated preservative treatment as necessary.
This paper will not be conéerned with how to prepare newly

acquired objects. We will assume that the objects we shall discuss
have been prepared and are on exhibit.

* Adapted from Chapter 4, Part I, MUSEUM HANDBOOK. U.S. National
Park Service.



Execution of the second basic step--placing the object in a
secure environment--implies protecting it as fully as practicable
from the numerous agents of deterioration and destruction which may
be found in any museum. To protect your collection intelligently
and efficiently, you must know the enemy. By knowing what factors
endanger museum objects and how these factors operate, and by being
able to recognize their presence or the conditions that favor them,
they can be combatted successfully. The destructive agents listed
below and discussed on the following pages almost certainly will be
encountered in many museums at one time or another.

Agents of Deterioration

Humidity (either too high or too low)
Temperature

Light

Dust

Chemical Air Pollution

Mold

Insects

Rodents

Fire

Humans

Humidity

Water vapor in the air, and the liquid water which may condense
from it, form a potential hazard to museum specimens. Humidity
affects objects in several ways. Too low a relative humidity ex-
tracts water from some materials, with resultant damage. Paper,
parchment, and leather become brittle. Glue and paste dry out and
lose adhesive power. Even well-seasoned wood in equilibrium with
its normal environment will lose water and may warp. When relative
humidity is too high, many materials absorb water. The water enters
into degenerative chemical reactions, as in the corrosion of metals.
It also permits the growth of mold which digests components of the
object and leaves disfiguring stains. It softens adhesives. Rapid
changes in relative humidity cause hygroscopic materials to swell
and contract. Wood warps and checks. O0il paintings crack and
flake. If the object contains soluable salts, these dissolve,
migrate, and recrystallize which may cause either chemical or
physical damage.

Temperature

Low temperatures (at least above freezing) seldom cause damage
to museum objects. However, temperatures above 70° F permit molds to



grow, and may speed up the life cycle of harmful insects. Fluctuating
temperatures can be doubly destructive. Matter tends to expand and
contract as temperature rises and falls, When an objecﬁ, such as an
oil painting on canvas, is composed of two or more substances that
respond to temperature changes at different rates, dangerous strains
can develop. A secondary effect of temperature variation is often
even more serious., When the temperature drops, relative humidity
rises, and vice versa. In order to hold the relative humidity within
safe limits, it is much easier if temperatures are held stable as
well. Generally, the best temperature range is between 60° and 75°F,

The radiant energy of light absorbed by molecules of objects
may cause chemical changes that seriously damage the object. Organic
materials are most vulnerable, but even such seemingly inert sub-
stances as some ceramics and glasses are affected. One familiar
result is the fading of colors. Less apparent is the weakening of
fibers. Silk, for example, may lose half its strength from less than
a month of exposure to sunlight. Both wave-length and amount of
light influence the processes of degeneration. The shorter wave-
lengths, especially in the ultraviolet range, produce the greatest
photochemical activity, but the visible spectrum also causes deter-
ioration which increases with the amount of light and the duration
of exposure. Infrared radiation, especially in small enclosures,
can cause heat buildup and consequent drying out of materials.

Dust

Dust is composed largely of minute mineral particles; these
particles act as an abrasive. Some dust may be fly ash or other
chemical compounds from smokestacks and exhausts; if water condenses
around these particles on objects, they may become active chemical
agents attacking the surface directly. Dust disfigures objects by
soiling their surfaces; its removal involves washing, wiping, or
shaking, all of which accelerate wear and tear and increase the risk
of physical damage through handling. Nearly all types of objects
suffer to some extent if allowed to gather dust.

Chemical Air Pollution

Industrial fumes, motor vehicle exhausts, and domestic heating
byproducts contaminate tha air with numerous chemical compounds.
These include, or combine to produce, sulphuric acid, nitric acid,
and other strongly corrosive or oxidizing agents. Some of the
pollutants attract water and so facilitate harmful chemical reactions.
Air near oceans contains chloride salts and other compounds which
are often highly corrosive. These salts in solution may penetrate



porous objects and migrate inward and outward, crystallize, and re-
dissolve with changes in humidity. In the crystal state, salts

occupy considerably more volume than they do in solution, developing
severe pressures within the object. Thus, air pollution exposes

many kinds of museum objects to chemical and physical damage. Metals,
stone, and many organic materials suffer attack, fabrics and leather
especially,

Mold

If the collection provides organic material to support growth
and the humidity exceeds 65% with a temperature of 700F or above,
molds and mildew can be expected; particularly affected will be
leather and paper. Mold spores are so fine, light, and numerous
(and always present in the air except in ''clean room' ervironments)
that outbreaks of.growth can occur practically everywhere. It has
been estimated that molds have destroyed more museum objects than
any other agent of destruction. Since the mycelium of the mold
actually dissolves and absorbs components of the objects, it causes
more than superficial damage.

Insects

Almost certainly your collection will be infested sooner or
later by some of the destructive species of insects. The damage that
can occur may be rapid and irrevocable. Therefore, insect infesta-
tion is one of the real emergency situations encountered in museum
work. Insects attack, in some degree, all objects composed of organic
materials. They eat the sizing on paper, the glue in bindings, and
the paper itself. They devour cloth, hair, feathers, They bore
tunnels in wood. The insects wreaking havoc with your collection
may be larvae or adults, small or large, conspicuous or hidden. The
most common destructive insects are dermestids, powder-post beetles,
clothes moths, silverfish, and cockroaches.

Rodents

Mice, rats, squirrels, and other small rodents that sometimes
infest buildings may attack museum objects. Because they can des-
troy numerous objects in a single night, their incursions call for
emergency measures. These animals may eat some kinds of organic
materials and use others for nest-making. Prehistoric fiber sandals,
for example, provide fine nesting materials. So do valuable tex-
tile specimens and paper, including specimen labels.



Fire

Few objects in museums would survive a major fire, at least
without severe damage from burning, heat, smoke, or water. Metals
cabinets and shelving commonly used for collections storage trans-
mit heat readily and afford little protection in a fire. While
wooden cabinets and shelving do offer some insulation, they can be
consumed in a fire along with their contents. The likelihood of
suffering significant losses as a result of fire is one reason why
your museum catalog records must be kept in a fireproof vault or
safe at all times that they are not in actual use. If your records
survive a fire, you will at least know what has been lost and its
value.

Humans
Careless handling, malicious destruction, and theft constitute

the principal human hazards to a museum collection. Broken, bent,
scratched, dented, soiled, or corroded objects may result from care-

less handling. When objects are dropped, piled together, or leaned
against somethinc improperly, damage may occur. Even nominally clean
fingers leave « ;rint of oil and moist salts that can corrode metal.
The dangers of i:andling are greatest when objects are being trans-

ported within and without the museum, such as between storage and
exhibition or being shipped to a borrowing museum. In the September
1964 issue of Museum News is a convenient list of good rules for
handling objects compiled by Frieda Kay Fall. While written mainly
for use by art museums, this list can be adpted for use'by any
museum. ?

- Inspection, your third basic step for collection protection, is
a vital responsibility. It is part of your job to examine every
object in your collection at regular intervals. The frequency of
this inspection will vary according to the nature of the collection
and the adequacy of storage and exhibit conditions. If the collection
is carefully stored in a secure room with good control of light,
humidity, and temperature and if equally good conditions pertain in
exhibit rooms and cases, ordinarily your inspection can be timed as
follows: ‘

Annpally: Geological specimens
Ceramics
Glass
Well-treated and preserved metal



Semi-annually: Specimens subject to insect attacks
Specimens subject to-mold

Quarterly: Biological specimens preserved in liquid

If storage and exhibit conditions are less than ideal, objects
will have to be examined more often. Generally, since environmental
conditions in exhibit rooms are not as good as those in store rooms,
objects on exhibit will need more frequent examination. In addition
to daily inspections of exhibits through the glass, open the cases
every three to six months for a.closer examination of objects sus-
ceptible to damage from light, mold, insects, corrosion, or dryness.
The act of inspection consists of searching for evidence that one or
more of the agents of deterioration have been at work. It is essen-
tial that you know what may attack objects and what these agents or
their effects look like. '

We have already discussed what kinds of damage the common agents
of deterioration can do. Now let us discuss how to recognize the
effects of these agents.

Humidity

When inspecting your collection, watch for signs of humidity
that is too low as well as too high. Mold is due to excessive
humidity and appears as fuzzy, usually white, patches growing on any
organic material, or as discolored, usually brown, spots on paper
(foxing). Active corrosion forms encrustations on metals when the
humidity is too high. Paintings sag a little on their stretchers or
become to taut depending on whether the humidity is too high or too
low; oil paintings may crack and the paint flake off when the humidity
changes frequently. Similarly, changes in humidity cause flakes to
fall off of salt-impregnated metal as crystallization exerts pressures.
These, it should be noted, are signs of advanced deterioration. It is
better to measure the relative humidity and keep it within safe limits.
You should aim at maintaining the relative humidity between 45% and
65% with 55% as the ideal (for most types of materials). 1In semi-
arid regions where hygroscopic materials have already achieved
equilibrium at a lower percentage, the relative humidity can be kept
lower. :

Temperature

In caring for your collection, monitor the temperature along
with the relative humidity. Temperatures above 70° for more than a
few hours or temperatures that wildly fluctuate are danger signals.
When conditions are too warm, look for mold, especially in dark and
poorly ventilated places. If the temperature varies much beyond the



recommended range of 60°-75°F range, check artifacts made of more
than one material to see if the bond between them is loosening
(check furniture and inlaid wood carefully). Such objects may
include paintings, objects made of two or more kinds of metal, or
wood and metal combinations, such as firearms.

Light

In checking your collection, make sure that organic materials
not on exhibit are stored in darkness to minimize fading. Watch
susceptible objects on exhibit for any signs of fading or of threads
breaking. More important, use filters to screensout the ultra-violet
wave lengths of light (sunlight and fluorescent light) and limit the
total amount of illumination to 15 foot-candles or less in exhibits
containing vulnerable objects such as documents, textile¢s, and water
colors. The illumination levels permitted should be no greater than
are required for easy viewing.

Dust

Again, prevention is better than treatment. Keep objects in
dust-tight storage containers or exhibit cases whenever possible.
Provide dust covers of unbleached muslin (or old bed sheets) or of
polyethylene for objects stored on shelves or otherwise exposed in
storage. If plastic covers are used, be sure to allow enough venti-
lation to prevent condensation from occuring within the plastic
cover. Check for accumulated dust, perhaps with some form of 'white
glove'" inspection. Clean objects by approved methods before they
get too dirty. If exhibit cases are not dust-tight, install seals
between doors and frames or apply tape to cracks (when aesthetically
permissable). If cases are ventilated in order to prevent heat
build-up and dust is entering through the ventilation holes, place
filters over the holes and clean or replace them often.

Chemical Air Pollution

Watch for rust or flaking in iron specimens, corrosive encrus-
tations on copper and its alloys, heavy tarnishing of silver. Observe
stone for signs of flaking, pitting, or crumbling. Look for evidence
of rotting in textiles or of leather becoming brittle. Since there
are no convenient ways of determining the amount and kinds of chemical
air pollutants which may be entering your museum, be vigilant to
detect their effects on your collection. In urban areas, and else-
where if conditions are bad, steps should be taken to clean and filter
the air before it enters the museum and extra prevautions may have to
be taken in preparing and conserving objects before they are placed in
storage or on exhibit.



Mold

As described under "Humidity" above, look for velvety patches
or small areas of discoloration. Avoid placing organic materials
in warm, damp environments. If mold is found, treat the object
immediately and correct the cause of the problem

Insects

To recognize infestations by the common insect pests, look for
the following signs:

Dermestids: The carpet beetle and related species that attack
a wide variety of museum objects are destructive in their larval
stage. The adults are small, about 1/8" wide and 3/16" long, and
inconspicuous. The larvae are elongate-oval or tapering and 1/4" to
1/2" long, characterized by prominent reddish, brown, or black
bristles at the small end. The first evidence of an infestation may
be a cast larval skin, visible on the bottom of a speciﬁen tray or on
the floor of an exhibit case. A fine, dark-powder may collect at
this point, indicating the larva is eating on something directly
above. In entomology collections, this dust gathers at the foot of
the mounting pin while the larva devours the body of the.specimen.
Infestation may be detected through visible damage to am object such
as holes in woolen textiles, loose hair or pile, and wings and legs
falling off mounted insect specimens. ’

Powder-post Beetles: Several species of wood boring beetles
may attack the wooden parts of museum specimens as well as elements
of historic structures. The larvae do the damage but you do not see
them and rarely see the adults. Evidence of infestation are the
small, round or oval holes some species leave at the surface of the
wood and the fine, light powder that may accumulate below such open-
ings or that can be shaken or tapped out of them.

Clothes Moths: You will probably recognize on sight the adult
moth with its narrow, buff-colored wings spreading about 1/2". The
larvae do the actual feeding on hair, fur, wool, feathers, or other
animal fibers. The larvae are white grubs, about 1/2" long, with
dark heads. They spin a light-colored web or case covering their
bodies and you may observe the cases before seeing the insect itself.
Moth holes and other damage caused by their feeding may be all too
evident unless you detect the infestation early.

Silverfish: These wingless insects, which may be up to 1/2"
long, have a tapering shape and three prominent caudal "bristles".
Their bodies are covered with gray scales. At all stages in their
development, they may be destructive to paper objects, bookbindings,



rayon textiles, and starch in cloth. Most often their presence is
detected by seeing a silverfish when a light is turned on, a book
opened, or an object lifted. By closer inspection, you can tell
where sizing or paste has been eaten from the surface of paper.

In extreme cases, the insects may have removed the entire surface
including any printing or lettering on it. This can be disastrous
with specimen labels as well as specimens,

Cockroaches: All five species that infest buildings are
relatively broad, oval, flat, brownish insects. They vary in size
according to age and species, from barely visible to 2" long. They
eat many things, but are especially destructive to book bindings, any
paper having paste or mucilage on it, mounted insects, and some
textiles. Roaches tend to feed at night and are most often seen when
a light is turned on. Look for them in dark crevices and other hiding
places during your inspection. Also watch for their characteristic
egg cases. Evidence of their feeding on paper specimens may resemble
the work of silverfish. :

The bilbiography in the Appendix refers to several U.S.
Department of Agriculture publications which describe these damaging
insects in greater detail, discuss their life cycles and habits, and
recommend ways to get rid of them. TFumigation of some sort usually
is required if the infestation is wide spread. Additicnal preventive
measures include keeping paradichrolobenzine crystals with all
organic objects (such as in jar lids in storage cases and in hidden
containers in exhibit cases, provided they are air tight), the use.
of insect-tight storage cabinets, and rigorously good housekeeping.

Rodents

Watch closely for droppings, for signs of gnawing on vulnerable
objects, and for the rodents themselves. Most commercially available
storage cabinets and most exhibit cases are rodent proof, especially
metal ones. Use traps or poisons with safeguards to eliminate infes-
tations in the building. 1In severe instances, fumigation might be
necessary.

Fire

When inspecting collections, make sure that flammable materials
.do not accumulate near your collection, either on exhibit or in store
rooms. Do not let paints, solvents, packing materials, lumber, and
cleaning supplies be stored in the same room with the collection.
"If small quantities of flammables are on hand for frequent use, place
them in special containers approved for fire protection. Stress good
housekeeping in the museum. Eliminate extension cords and any other



make-shift electric wiring. Work out with your safety officer or
with the fire department the number, kinds, and proper locations of
fire extinguishers and who should be trained to use them. Decide
what objects in your collection, if any, are so rare and valuable
that they should be cvacuated from the building in the event of fire.
Mark their location(s) clearly and work out an evacuation plan with
your safety officer and your local fire department. Study and apply
recommended practices for fire protection in museums, as issued by
the National Fire Protection Association (see bibliography).

Humans

It is not as easy to inspect for the human agents of deteriora-
tion as it is to inspect for the environmental and animal ones. Of
course, if someonec on the staff drops an object and it breaks, it is
immediately appareént that he or she was careless. Guard against
possitle accidents by applying rigorously the standard practices for
handling museum objects. Try to minimize vandalism by keeping those
objects you wish to protect away from the reach of visitors. You
should restrict access to your collection in every way possible,
consistent with exhibition and interpretive uses, to minimize theft.
Make your collection accessible on your terms. Conduct a security
survey to determine if your building is sufficiently protected. If
not, correct such problems as weak locks, poor night lighting, locks
accessible through windows which can be broken out, unprotected
skylights and other roof openings, and inadequate safes in sales
areas., Installation of alarms may be nccessary. Implement and
enforce proper operating procedures which may includeprocedures for
closing the museum each night to be sure no hidden thief remains
inside, daily inspections to assure prompt report of any loss or
tampering, closer control of keys, training of attendants to detect
and react properly to signs of trouble, and making provisions to
prevent an insider from removing collections records to cover his
theft of objects. Control access to study collections by locked
doors, with the curator having the key. See the security biblio-
graphy for works containing additional information.

The fourth protection step becomes essential because several
kinds of objects require periodic treatment to assure their continued
protection. As soon as the effects wear off, they must be processed
again. The following list is not exhaustive but includes the commoner
situations needing repeated treatment.

Annually: Apply appropriate leather dressing to leather
artifacts (except rawhide, suede, and buff
leather); similar treatment for bookbindings
of full or part leather.
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Semi-Annually: Specimens preservéd_in liquid: add enough
preservation liquid to keep jar filled.
Herbaria: fumigate with ethylene dichloride
and carbon tetrachloride.

Quarterly: Herbaria: refill containers of paradichloro-
benzine crystals in each cabinet or case.

Insect collections: refill container of para-
dichlorobenzine crystals in each drawer,
cabinet, or case.

Study skins: vrefill container of paradi-
chlorobenzine crystals in each drawer,
cabinet, or case.

Textiles (especially wool) and articles made
of hair, feathers, hide, or wood: refill
container of paradichlorobenzine crystals
in each storage container and hidden con-
tainers in each exhibit case.

Monthly: Books and documents on exhibit: turn pages
even if exhibited under ultra-violet filter.
(It is better to use high quality photo
reproductions for exhibition anyway.)

As Needed: Iron artifacts and silver: wipe clean after
: each handling and renew protective covering
as needed.

Adjust the frequency of repeated treatments to
fit observed conditions in the museum. Objects
on exhibit as furnishings in historic structures
will probably require treatment renewal more
frequently.

Information on achieving the proper temperature, humidity, and
light levels within a museum can be found in the Appendix entitled
The Museum Environment: Measurement and Control. Additional, more
detailed information can be found in the references listed in the
Bibliography.
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THE MUSEUM ENVIRONMENT: MEASUREMENT AND CONTROL

By keeping museum specimens in a suitable environment, you pro-
long their existence and minimize the preservative treatment they
need. Materials differ in their optimum humidity and temperature
requirements. The working comfort of the people who use the speci-
mens must be considered also. Taking these variables into account,
it has been determined that the best attainable conditions for most
museum collections are the following:

Relative Humidity. . . . . 45% to 65%
Temperature. . . . . « . . 60° to 75° F

Light. . . . . . . . . + . 15 foot candles or less;
free of ultraviolet

Air. . . . . . . . . . . . Freed of as much dust and
chemical pollution as is
practicable

Most museums should try to maintain this climate in the exhibit
and study collection rooms the year round. Special circumstances
admit a few exceptions, however. In the semi-arid sections of the
Southwest, specimens have adjusted their water content in balance
with a lower range of moisture in the air. Museumsin such dry areas
should hold the relative humidity as near 30% as feasible. Some
museums necessarily close during the winter, often becoming buried
in snow. The continuous cold protects objects from insccts and mil-
dew and the snow denies access to some other destructive agents, but
humidity conditions may become detrimental, especially during thaws.
A careful inspection with this in mind, made when the museum is re-
activated, may indicate future protective measures. Fortunate muse-
ums that are far from industrial plants, traffic congestion and
sources of blowing dust, need not worry about purifying the air.

The first step in climate control is to measure the temperature
and relative humidity of the air surrounding the objects in the col-
lections, and the amount of light that reaches them. The instruments
used to determine the relative humidity will also indicate the tem-
perature. At least two kinds are needed. As the basic instrument,
use a battery operated aspirated psychrometer. This compact piece
of equipment has a small electric fan driven by flashlight batteries.
The fan draws a uniform stream of air over the wet bulb and dry bulb
thermometers. As long as the wick is clean, distilled water used in
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