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A

| NTRODUCTI ON

1

Deterioration of Miseum Property

Deterioration of objects and specinmens results from
adverse environnental conditions. Changes in tenperature
and relative humdity, and exposure to light, dust, and
pol luti on cause detrinmental chem cal and physical
reactions in objects and speci nens. Atnospheric noisture
can cause corrosion of netals, warping of wood, and
encourage nold gromh. Excessive heat may cause certain
materials to becone enbrittled. The visible and

ul travi ol et conponents of |ight can cause nmany materials
to fade. Although the effect of individual agents of
deterioration upon an object or specinen may be
devastating, deterioration of material nost often results
froma conbi nati on of agents working sinultaneously.

(bj ects and specinens continually interact with their
surroundi ng environnent. Rates of deterioration are not
constant, but vary as they are influenced by a variety of
factors. The nore unfavorable the environnental
conditions, the faster an object deteriorates. However,
deterioration is nost often a gradual process that occurs
t hroughout the life of an object. The visual effects of
such deterioration may becone apparent quite slowy, and
often escape notice by the untrained eye.

Thi s Chapter addresses the environnmental agents affecting
museum property: tenperature, relative humdity, |ight,
and air pollution. Biological agents, m croorganisns,

i nsects, and vertebrate pests, are discussed in

Chapter 6.

Museum Property Environnental Standard

Monitoring and controlling the environnment in spaces
housi ng museum property are key factors in ensuring the
| ong-term preservation of a unit's nmuseum property.
Departmental policies and standards for environnental
monitoring and control, as excerpted from 411
Departnental Mnual, Chapter 2, are included in
Appendi x A

Rel ease Dat e: 5:1

New



DEPARTMENT OF THE INTERIOR

DEPARTMENTAL MANUAL

Museum Property Handbook
(411 DM Vol une 1)

Chapter 5 Environnental Agents of Deterioration

NOTE: There are several |legal nmandates that require
Federal agencies to conduct energy progranms to reduce
energy consunption and costs. The Federal Energy
Management | nprovenent Act of 1988 and Executive

Order 12759, April 17, 1991, are the nbst recent nandates
requi ri ng Federal agencies to practice energy
conservation. While preservation of nmuseum property
shoul d t ake precedence over energy conservation, it is
essential that the decision-naking process for
controlling relative humdity and tenperature support the
goal s of energy conservation. For exanple, using well-
desi gned exhibit cases to maintain appropriate
environnental |evels for nmuseum property is nore energy
cost effective than attenpting to control the environnment
of an entire exhibit space.

B. TEMPERATURE

The inmportant points to keep in mnd about tenperature are as
foll ows:

I Generally, the lower the tenperature, the better, because
the rates of chem cal reactions and biological activity
decrease as the tenperature decreases, and increase as
tenperature increases. Mst chem cal reactions double in
rate with each increase of 10°C. When relative humdity
| evel s are high, higher tenperatures also tend to pronote
bi ol ogi cal activity such as nold grow h.

Tenperature can cause structural danmage (e.g., waxes nay

| ose their consistency at high tenperatures). Avoid abrupt
changes in tenperature. Fluctuating tenperatures can be
doubly destructive because matter tends to expand and
contract as tenperature increases and decreases. Wen an
obj ect consists of two or nore materials that respond to
tenperature changes at different rates, destructive strains
can devel op. Repeated freezing and thaw ng in objects
havi ng high water content al so causes danage.

I Tenperature changes should be mnimzed between storage
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and
study areas when storing frequently-used museum obj ects
and/ or specinens (e.g., natural history collections).

Tenperature is a primary factor in determning relative
humdity | evels. The tenperature affects the ability of
air to hold water. The rel ationship between tenperature
and relative humdity is discussed in the follow ng
section.

RELATI VE HUM DI TY (RH)

Hum dity (water content in the air) plays a significant role
I n the various chem cal, physical, and biol ogical forns of
deterioration of nuseum objects. Sources of humdity include
rain; |akes, rivers, and oceans; broken gutters, |eaking

pi pes; noisture in walls; human respiration; wet nopping;

fl oodi ng; and cycl es of condensati on and evaporation. The
key factor in object deterioration is not sinply the anpunt
of noisture in the air, but rather the relationship between
the air's water content and its tenperature. This
relationship is relative humdity (RH).

Tenper ature determ nes how nmuch noisture the air can hol d.

An increase in the tenperature causes the nolecules in air to
spread out, which creates nore space for water nol ecul es.

A relative humdity reading indicates how cl ose a given
volune of air is to being saturated with noisture. A reading
of 50% RH neans the air contains 50% of the total anount of
wat er vapor it can hold when saturated (i.e., at 100% RH).

The amobunt of noisture in the air dictates the anount of

noi sture in the object or specinen. Hygroscopic materials
(e.g., wood, textiles, paper, |eather, basketry, and bone),
are especially sensitive to changes in relative humdity.

The term "hygroscopic" refers to the ability of an object to
absorb or rel ease noisture to the air. Hygroscopic objects
contain water as a constituent, with the anmount determ ned by
the RH of the surrounding air. They swell or shrink,
constantly adjusting to the environnent until the rate or

Rel ease Dat e: 5.3

New



DEPARTMENT OF THE INTERIOR

DEPARTMENTAL MANUAL

Museum Property Handbook
(411 DM Vol une 1)

Chapter 5 Environnental Agents of Deterioration

magni tude of change is too great and deterioration occurs.
This may be in inperceptible increnents, becom ng noticeabl e
only over a long period of time, or the breakdown of
materials may be sudden.

Rel ative humdity is one of the nobst inportant environnental

factors to control. High relative humdity increases the
rate of chem cal deterioration, such as the fading of dyes
and the corrosion of metal. H gh RH Ievels cause swelling

and war pi ng of wood and ivory, softening and sticking of
adhesi ves, cockling of paper, and sl ackening of stretched
canvas paintings. Mld growth occurs only when RH is above
about 70% insect activity also tends to increase at high RH
|l evel s. At the other extrene, |low RH | evel s (bel ow 35%
cause shrinkage, warping, and cracking of wood and ivory;
enbrittl ement of paper and adhesives, tendering of textiles,
and the enbrittlenment of basketry and paper objects.

Rel ative hum dity changes should be m nim zed between storage
and study areas when storing frequently-used nuseum objects
and/ or speci nens.

D. MONI TORI NG AND CONTROLLI NG RELATI VE HUM DI TY AND TEMPERATURE

1. The Reason for Mnitoring

The objective of an environnmental nonitoring programis
to docunent existing conditions, identify problens that
require special actions, and evaluate the effectiveness
of previous corrective neasures. An ongoi ng nonitoring
programis essential for the follow ng reasons:

I to determ ne whet her the nuseum property collection is
t hr eat ened,;

to ensure that control equipnent is functioning
properly;

to determine environnental trends: daily, weekly,
mont hly, and seasonal | y;

to determ ne the character of environnental zones
within a structure;
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I to signal the need for corrective action when a
probl em
i s discovered;

! to evaluate the effectiveness of corrective neasures
that may al ready have been taken; and,

! to record the effect of extraordinary events

(e.g., broken wi ndows, |eaky roofs or pipes, |ong
periods of rain, or drought).

2. Est abl i shi ng Envi ronnental Paranmeters

The success of a nonitoring program depends on planni ng.
Each structure and museum property collection represents
a special set of problens. The needs of the structure
and the needs of the collection should be carefully
evaluated. Any corrective neasure that is too narrowy
focused or unrealistic can have an adverse inpact on one
or both. The questions to ask when establishing

envi ronnent al paraneters for nuseum property are:

I What is the appropriate environnental range for each
type of material represented?

What is the character and significance of the
structure in which nuseum property i s housed?

What is the environnmental normfor the region of
the country where the unit is |ocated?

What is the realistic target range that can be
achieved for the structure and the nmuseum property
col | ection?

It is inportant to renenber that environnmental conditions
vary fromfloor to floor in a structure, and even within
a room For exanple, localized heating is possible when
direct sunlight shines into a room and condensation may
occur near cooler exterior walls in the winter. 1In sone
regions it is not feasible to maintain a constant

envi ronnent al range throughout the year. Allowances need
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to be nade for seasonal variation. There are usually
several appropriate actions which mght be taken to
correct a given environnental problem including the
transfer of sensitive objects and specinens to an
accept abl e envi ronnent .

Foll ow the steps below to establish acceptabl e ranges and
limts of relative humdity for spaces housing nuseum

property:
a. ldentify the Nature of the Miuseum Property

Note the material makeup of objects and/or specinens
housed in each space (e.g., organic materials such as
paper, wood, textiles, and natural history specinens
or inorganic materials such as netals, ceramcs, and
gl ass). Describe the types of materials and
approxi mat e percentages of each type. Identify
climate-sensitive objects and specinens, and, if
appropriate, levels of inportance for the objects and
speci mens.

NOTE: This information is needed to devel op a house-
keepi ng plan for spaces housi ng nmuseum property.
Refer to Chapter 7. It may be hel pful to gather the
data simul taneously.

b. Determ ne Acceptable Relative Humdity Levels

Refer to Figure 5.1 to determ ne acceptable relative
hum dity levels for various materials and types of
objects. Most nuseum property collections are m xed,
per haps necessitating m nor conprom ses in providing
a suitable environnent. Sone objects and speci nens,
however, may need exact environnental conditions to
ensure long-termstability. An appropriate

envi ronnent for these objects and/or specinens can be
created in a cabinet, roomor space separated from
the rest of the nuseum property coll ection.

Aside fromthe RH | evel or range optinmum one should
al so consider an object's history and previous
acclimation to another RH level. For exanple, the
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optimumrange for plant fibers is 40-60% Sandal s

worn in the arid southwest by the Anasazi a thousand
years ago, however, have becone acclimted to a nuch
| ower RH. The stable level for these nuseum objects
is the lower RH to which they have becone accust oned.

c. Determne Environnental Conditions
Determ ne the environnental conditions in spaces

housi ng nmuseum obj ects. A year-round record of
relative humdity and tenperature i s necessary.

Archeological Materials

Negligible Climate-Sensitive Materids 30% - 65%
Climate Senditive Materials 30% - 55%
Significantly Climate-Sensitive Materias 30% - 40%

Natural History Materials
I Plant, insect, and bird specimens, mammal skins
and taxidermy mounts, specimens in preservative
fluids (keep at higher level to lessen evapora-

tion), bone and teeth (keep above 45%) 40% - 60%
I Paleontological Specimens 45% - 55%
(keep pyritic fossils at low RH level)

Paintings 40% - 65%

Paper 45% - 55%

Wood, Leather, Textiles, Ivory, Bone 45% - 60%

Photographs/Films 30% - 40%

Metals 0% - 35%

Ceramics, Glass, and Stone 40% - 60%
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Figure 5.1. Relative Hum dity Optinmum Ranges for Various
Materials Housed in a Unit's Miuseum Col | ection

(See NPS Museum Handbook, Part | [Rev. 9/90],
Curatorial Care Appendices |I-S for guidance on RH
paraneters for specific types of materials.)

d. Consider the Structure That Houses Miseum Property

Consi der the requirenments and capabilities of the
structure that houses museum property. For exanpl e,
in colder climates excessive humdification can cause
deterioration of outside walls by noisture buil dup,
unl ess the building is designed and constructed to
prevent this problem Gather and record the
followng information for each facility housing
museum property:

1) Type of structure

Wrk with facility maintenance staff to gather
i nformati on about the structure (e.g., construc-
tion, material makeup, and unit function).

2) Physical location of the structure

Descri be the structure's location (e.g., unusual
envi ronnment al circunstances such as high water
tabl e, snowbelt, floodplain; exposure and
surroundi ng terrain; nearby bodies of water;
presence of surrounding vegetation; rural or
urban setting; and proximty to an industri al
area or a road).

3) Condition of the structure

Note the structure's condition (e.g., |eaky roof,
poor or no insulation, or wet basenent).

4) Historic structures

| f museum property is housed in a historic
structure, consult with historical architects,
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engi neers, and facility maintenance staff about
| egal or preservation restrictions regarding
installation of systens in the building to
control relative humdity.

5) Exhibit and storage spaces

Study specific exhibit or storage spaces within
each structure. Prepare a floor plan of each
space. Refer to Appendix G for a sanple floor
pl an. Answer the follow ng questions:

Are there any external walls?

Are the walls and ceilings insul ated?

What are the dinensions of the space?

How many doors and wi ndows are in the space?
VWhat are the existing neans of controlling the
relative humdity and tenperature

(e.g., heating, cooling, humdification, and
dehum dification)? Are back-up systens in

pl ace?
I Are the objects exhibited in open areas or in
cases?
I Are the objects stored in cabinets, drawers,
or

on open shel vi ng?

Consi der the Specific Cimatic Zone and Seasonal
Vari ations

Rel ative humdity | evels that are desirable and

mai ntai nable in tenperate areas of the United States
may not be appropriate in arid areas. As a general
rule, stable RH | evels are obtained with | ess expense
and | ess conplicated engi neering by working within
existing local conditions and attenpting to buffer
rapid fluctuations through various neans

(e.g., insulation, use of hygroscopic building
materials, and judicious tenperature control). In
arid areas the resulting RHlevel, if maintained with
m nimal fluctuation, wll be appropriate for nost
museum obj ects al ready acclimated to a | ow | evel .
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Seasonal adjustnents in set points for RH are not
harnful if the changes are not abrupt. A gradual
shift fromthe |low end of the desirable range in
winter to the high end in sunmer probably will save
noney, as well as reduce the chance of damage to the
bui | di ng by condensation in w nter.

Obtain local climatic i nformation from Wat her Bureau
publications, |ocal newspapers, and, if established,
unit weather stations. Obtain fromthe Wather
Bureau a copy of the publication Local di matol ogical

Data, Annual Summary with Conparative Data, 1985
prepared by the National Cceanic and At nospheric
Adm ni stration. This publication provides the
average high and low daily tenperatures, daily
preci pitation, percentage of sunshine, nonthly
averages for precipitation for the |last 30 years,
mont hly and annual tenperatures for the |ast 30
years, snowfall, wind, and relative humdity.

3. Moni tori ng Equi pment

Four commonly used instrunments for gathering and
recording data on relative humdity and tenperature
| evel s are: thernohygroneters, hygroneters,

hygr ot her nogr aphs, psychroneters, and data | oggers.
Refer to Appendix J for sources of nonitoring

i nstrunents.

a. Characteristics of Thernohygroneters

Port abl e t hernmohygroneters are easy to use
instrunments that provide readings of tenperature and
relative humdity by nmeans of a probe that can be
extended into exhibit cases or other limted access
spaces.

b. Characteristics of Hygroneters
Hygroneters are used to neasure relative humdity

| evel s in exhibit cases and in spaces not nonitored
by a hygrot hernograph. Wen using a hygroneter, it
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is inmportant to also use a thernoneter to neasure the
tenperature. The two types of hygroneters are dial
hygroneters and el ectronic hygroneters. An

el ectronic hygroneter may be used to calibrate other
instruments in place of a psychroneter. Wen a dial
hygroneter woul d be too conspi cuous, paper strips

i npregnated with cobalt salts (called humdity

i ndi cator strips) may be used. NOTE: hygroneters
are |l ess accurate than other equi pnent avail abl e, and
are often difficult to calibrate.

Characteristics of Hygrothernographs

Hygr ot her nogr aphs record rel ative humdity and
tenperature | evels continuously over a period of 1,
7, 31, or 62 days. Hygrothernographs are accurate
within £3% to 5% RH when properly calibrated. They
are nost accurate within the range of 30-60% RH.

NOTE: Al hygrot hernographs require calibration at

| east quarterly (preferably once a nonth).
Calibration is especially inportant after exposure to
sudden extrenes of humdity. Refer to Appendix F for
instructions on calibrating hygrothernographs.

Hygr ot her nogr aphs are delicate instrunments and are
easi |y damaged by i nproper handling. Follow these
recommendat i ons:

I Keep the instrunment clean, and free of dust.

1 Locate the instrunent in an area that mnin zes
vi brati on.

Do not touch the relative humdity sensor.

Repl ace the relative humdity sensor when the
instrunment requires frequent RH adjustnents during
cal i bration.

Keep the pens clean and free fl ow ng.

Use only the glycerine based ink supplied with the
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instrunment. Al cohol based inks for felt tipped
pens do not work in netal pens. NOTE: Cartridge
(felt-tip) pens are avail able for hygrothernographs
and are easier to use. Cartridge pens help to
elimnate ink blotted charts and stained hands.
However, these pens have a shorter shelf life. |If
properly maintained, the netal pen points with ink
are nore cost-effective.

I If your instrunent requires w nding, do so before
pl acing the chart on the instrunent's drum If
your instrunent is battery operated, replace the
battery at |east annually and follow the
replacenent with calibration.

I Before placing the chart on the instrunent's drum
date the chart, and record the instrunment's nunber
and | ocati on.

d. Characteristics of Psychroneters

A psychroneter is the nost reliable instrunent for
determning relative humdity and tenperature. There
are two types of psychroneters: the sling psychro-
meter and the aspirating psychronmeter. The

advant ages of the sling psychroneter are its sinple
design, low cost, and portability. The sling
psychroneter, though sinple and reliable, can be
incorrectly used; however, with proper instruction
and practice, the user can becone adept at accurately
measuring relative humdity levels. The aspirating
psychroneter is a mechanized unit, conpact and easily
transportabl e. Advantages of the nechani zed device
are accuracy and | ess chance for procedural error.

It is useful in confined areas that |ack sufficient
space to whirl a sling psychroneter.

e. Characteristics of Data Loggers

Data | oggers are conpact sensors that are usually
used in areas where | arger nonitoring equi pment
either cannot fit or would be intrusive (e.g., HVAC
ducts or exhibit cases). After data |oggers record
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envi ronnmental readings for a specified period of
time, staff collect the instrunments which are then
pl ugged into an | BM conpati bl e conputer. The
conputer prints out the information in a nunber of
formats, facilitating evaluation of environnental
conditions. Their portability, and the fact that the
conputer can collate data faster than unit staff,
make data | oggers particularly useful for units that
have a nunber of sites to monitor. Mbst small units
that have only one or a few areas to nonitor wll
find that data | oggers are not cost-effective.

Readi ng and I nterpreting Hyqrothernograph Charts

There are many variables that contribute to unusual

hygr ot her nograph readi ngs. Sonme of themare as foll ows:
the nature and the condition of the structure in which
the collection is housed (sonetines referred to as the
envel ope); staff activity; public visitation; HVAC

equi pnent performance and failure; baronetric pressure;
weat her; the condition of the nonitoring equipnment and
its accuracy; and unusual sources of nopisture such as
curing concrete, underground cisterns, and cl ogged
gutters.

Although it is inpossible to explain all of the patterns
whi ch are encountered in a nonitoring program Figure 5.2
illustrates a pattern that is comonly encountered. The
recorded pattern clearly illustrates the relationship
that exists between tenperature and relative humdity.
As the tenperature decreases, relative humdity
increases. And as the tenperature increases, relative
hum dity decreases. This pattern appears nost often in
encl osed spaces with m nimal human activity

(e.g., storage space). (A |large nunber of people
congregating in a roomm ght cause an increase in both
relative humdity and tenperature.)
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Figure 5.2. Hygrothernograph Chart Illustrating the Relationship
Bet ween Tenperature and Relative Hum dity
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NOTE: For an accurate analysis of tenperature and RH in
a space housi ng nuseum property, nore than one hygro-

t her nograph may be needed. This is especially true of a
historic structure located in the tenperate zone where
sumers are hot and humd and winters are cold and dry.

One suggested nethod for organizing relative humdity and
tenperature data fromthe charts of each hygrot hernograph
is torecordin atable format the follow ng information
over a period of time (e.g., 4 to 6 weeks): rmaxi mum hi gh
tenperature, mninum/|ow tenperature, maxinmumdiurnal (24
hour) tenperature change, maxi num high relative humdity,
mnimum |l ow relative humdity, and maxi num 24 hour
relative humdity change. |If for exanple, a unit
operates a hygrot hernograph in each of two nuseum

col l ection storage spaces, a suggested format for data
record fromthe weekly charts is illustrated in

Figure 5.3. Refer to Appendix F for additional guidance
on organi zi ng data from hygrot her nograph charts.

Chart Dat a St orage #1 St or age
Dat e #2
5/ 18/ 87- MAX. HI GH 28°C (84°F) 28. 3°C
TEMP (83°F)
6/ 15/ 87 M N LOW 20.5°C 18.8°C
TEMP. (69°F) (66°F)
MAX. 24 HR +4°F +4°F
TEMP. - -
CHANGE
MAX. HI GH 54% 56%
RH
MN LOWRH 45% 46%
MAX. 24 HR 4% 3%
RH CHANGE
# OF DAYS 0 4
RH EXCEEDED
55%
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Figure 5.3. Sanple Chart for Summarizi ng Hygr ot her nograph Dat a

5. Controlling Relative Huimdity

a. GCeneral Considerations

The goal of controlling the climte surroundi ng
museum property is to provide a stable environnent
that elimnates rapid fluctuations and extrenes in
relative humdity and tenperature. The data
represented by the hygrot hernograph charts provides
an opportunity to approach an environnental control
problemin an objective manner. There are several
correct responses that could be enployed to resol ve
probl ens reveal ed by hygrothernograph charts. It is
I mportant to include all appropriate disciplines in
t he deci si on-maki ng process, including curatorial
staff, property nmanagenent specialists, conservators,
mai nt enance staff and historical architects. 1In
devel oping a strategy to control relative humdity
and tenperature, several general points should be
kept in mnd. The below |list produces a discussion
of these general points.

I Because units of the Departnent of the Interior

are
in many different climatic zones, acceptable ranges
and limts of relative humdity shoul d be
established individually for each unit based on:
the local climate (e.g., tropical, tenperate, or
arid), the nature and condition of the materials
constituting the nuseum property collection, the
nature and condition of the structure housing
museum property, as well as any other rel evant
factors. There is no general solution to a control
problem A programto control relative humdity is
site-specific.

An effective control programrequires information
about the structure, the nmuseum property

col l ection, and data about the surroundi ng
environment. A unit should record data for one
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year before establishing acceptable ranges and
limts.

Strategies for controlling levels of relative
hum dity and tenperature should include energy
costs.

Controlling the climate includes both active and
passi ve nmet hods. Were possible, solutions to
controlling relative humdity and tenperature
shoul d explore sinple nodifications to a structure
or space and enploy the use of |ocalized or
portabl e mechani cal equi pnent (e.g., humdifier,
dehum difier, heater, or air conditioner).

Once control strategi es have been put into effect,
continue the ongoing nonitoring programto eval uate
the effectiveness of the corrective neasures.

b. Assess the Buil ding Envel ope

(bt ai n assi stance in exam ning the structure and/or
spaces within the structure that house nuseum
property for possible sources of noisture that may be
causing high levels of relative humdity

(e.g., leaking roofs, ceilings, and w ndows; | eaking
pl unmbi ng in an adj acent space; damaged gutters and
downspouts; drai nage problens; or wet walls and
foundations). Elimnating sources of noisture by
repairing the structure or correcting drainage
problens is essential to controlling interior
condi ti ons.

c. Enploy Passive Mthods
1) Maintain HVAC settings
| n spaces housi ng nmuseum property, avoid turning
heati ng and cool i ng equi pnent on during the day
and off at night. This practice causes rapid
fluctuations in RH | evels.

2) Adjust controls to conpensate for fluctuations
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3)

4)

5)
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a) The presence of |arge groups of people in a
roomraises the tenperature and | owers the
relative humdity. Control the nunber of
visitors in furnished historic structures and
exhi bit spaces to prevent overcrowding. It
may be necessary to | ower the set point of
t he heating equi pnent to counteract a
reduction in the relative humdity or to open

and close interior doors to change the
circulation of air.

b) Conversely, |arge groups of people in a room
may raise the relative humdity. This nost
often occurs in social situations such as
recepti ons where people are tal king or
drinking. Raise the set point of the heating
equi pnent to counteract a reduction in the
relative humdity or open and close interior
doors to change the circulation of air.

Protect sensitive objects and speci nens

In exhibit and storage spaces place sensitive
obj ects and speci nens away from spotlights,

w ndows, exterior walls, air vents, and entrance
door ways.

Utilize structural features

I ncreased tenperatures caused by the sun can be
controlled by using existing blinds, curtains,
filtering materials, drapes, or exterior
shutters.

Make seasonal adjustnments to HVAC system

In tenperate zones, reduce tenperature |evels
during the winter. (Lowering the set point of

t he heating equi pnent by several degrees raises
the interior relative humdity.) It is inportant
to gradually reduce the interior tenperature

| evel over a period of weeks. 1In the spring,
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6)

7)

gradual ly raise the tenperature back to the
appropriate set point.

Create mcro-clinmtes

Controlling relative humdity levels for
sensitive objects (e.g., netals, textiles, paper,
pyritic mneral, and fossil specinens), may
require the creation of a mcro-climte. This
can be achieved by using a properly seal ed nuseum
st orage cabinet or exhibit case with a buffering
material (e.g., a desiccant).

Silica gel, a high capacity noisture absorbent,
is a porous granular, chemcally inert materi al
that can absorb 30-40% of its dry weight in
water. Properly conditioned, this materi al
stabilizes relative humdity by maintaining

(i ncreasing or decreasing) noisture levels in the
ai r surroundi ng nuseum objects. ldeally, a
conservator should be consulted to determ ne the
proper quantity of silica gel to apply in

speci fic situations.

Create an independently-controlled storage area

While ideal, it is often not possible to store
all rmuseum property in a space with a strict
climate-controll ed system A nore practica

nmet hod for controlling relative humdity and
tenperature for large collections of sensitive
obj ects and/ or specinens (e.g., biological
specinens in solution, climte sensitive

ar cheol ogi cal objects, or photographic film, is
to create a separate space within or adjacent to
the existing storage facility to neet the special
needs of these materials. |In sone situations, a
superinsul ated prefabricated buil di ng equi pped

wi th an environnental control system
specifically designed to naintain the appropriate
RH and tenperature levels, is one approach to
creating a separate space. Refer to Appendix G
for information about such a structure.
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Enpl oy Active Met hods

A stable, environnentally secure space for housing
nmuseum property may be created by installing a
properly designed heating, ventilating, and air

condi tioning (HVAC) system The system shoul d
establish and maintain appropriate |levels of relative
hum dity and tenperature, and filter particul ates and
gases fromthe air. Installing an HVAC system t hat
achi eves the above requirenents is not easy and,
often, is not a practical or feasible corrective
nmeasure. The design process, especially wth a
historic structure, should consider architectural and
hi storical concerns (e.g., integrity of the building
fabric and the inpact of vapor barriers, glazing, and
ducts and vents on the fabric), operation

(e.g., performance and energy costs), and

mai nt enance.

In many instances, it may be nore practical and |ess
costly to use localized or portable hum difiers,
dehum difiers, heaters, and air-conditioners to
control tenperature and humdity. Use only
hum di fiers and dehum difiers that are controlled by
hum di stats. A hum distat, functioning like a
thernostat on a heater, automatically switches on the
equi pnent when necessary. \Wen properly |ocated and
mai nt ai ned, humdifiers and dehumdifiers can help to
prevent dangerous conditions.

1) Use humdifiers

Hum di fiers are designed to quickly add noisture
to the air in a controlled manner. This

equi pnent may be used in spaces housi ng nuseum
property to counteract the drying effect of a
heating system It is recomended that only
unheat ed evaporative humi difiers be used. This
type of humdifier does not disperse mnerals
into the air. Also, if the hum distat

mal functions, this type of humdifier will not
rai se the RH | evel above 65-70%
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When using a humdifier, it is inmportant to
ensure that the humdified air is well-
circulated. It nmay be necessary to place fans in
specific locations to elimnate any pockets of
stagnant or overly danp air. The size and nunber
of hum difiers needed depends on the size of the
space, the air exchange rate, the differences

bet ween conditions inside and outside the
bui | di ng, and the nunber of persons passing

t hrough or working in the area.

2) Use dehum difiers

Use a dehum difier for short periods of tine to
| ower high levels of relative humdity. This
equi pnent shoul d not be used as a permanent
corrective neasure to control high RH | evels.

The two types of dehum difiers are: desiccant
and refrigerant. The desiccant type forces air
through a dry material (e.g., lithiumchloride),
to reduce noisture. Use a desiccant dehum difier
in cold climates. The refrigerant type, which
wor ks on the sane principle as a refrigerator,
shoul d be used in warmclimtes. Renenber: the
use of dehum difiers requires an appropriate

dr ai nage system or procedures.

E. LIGHT

Li ght has the potential to be the nbst damagi ng of the

envi ronnental agents to nuseum objects. The materials nopst
sensitive to light are textiles, watercol ors and ot her works
of art on paper, dyed | eather, photographs, natural history
speci nens (e.g., furs and feathers), and other organic

mat eri al whose surface color is inportant. The nost obvi ous
sign of |ight damage is the fading or bleaching of materials.
Anot her sign that may not be as easily detected is
enbrittlenent -- the actual progressive breakdown of

nol ecul ar bonds that causes materials to | ose strength and
eventual |y becone powdery. Even snmall anounts of |ight, well
wi thin the acceptabl e range, cause damage. Danmage to nuseum
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property caused by exposure to light is cunulative and cannot
be reversed.

1

The Nature of Light

Li ght (el ectromagnetic radiation) can be divided into
three categories: ultraviolet, visible and infrared.

Utraviolet (UV) radiation is the nost damagi ng segnment
of the Iight spectrum Al fornms of |ighting

(e.g., daylight, fluorescent |anps, tungsten
[incandescent], and tungsten-hal ogen | anps) emt varying
degrees of WV radiation. Daylight is the strongest
source of ultraviolet radiation in nost units although
nmost fluorescent |anps emt higher than acceptable
levels. Utraviolet radiation should be elimnated to

t he greatest extent possible.

Visible light is that part of the el ectromagnetic
spectrumthat is visible to the human eye, from viol et
t hrough blue, green, yellow, and orange to red. The
strength of the lighting is referred to as the
illTumnation level or "illum nance" and is neasured in
units called lux (1 lunen per square neter) or foot-
candles (1 lumen per square foot). One foot-candle is
equi val ent to about 10 | ux.

The rate of damage caused by light is directly
proportional to the illumnation level multiplied by the
time of exposure. To reduce damage to objects from
visible light, it is inportant to reduce the anount of
light and the duration of exposure. A 200 watt bul b does
twice as nmuch damage as a 100 watt bul b of the sane type
in the sane length of time. A 200 watt bulb does tw ce
as nmuch damage in 10 hours of exposure as it does in 5
hours of exposure. It is inportant to keep this
"reciprocity law' in mnd: lowlight |evels for extended
peri ods cause as nmuch damage as high levels of |ight

i ncur during brief periods. Danage as a result of |ight
can be arrested totally only by placing a nuseum obj ect
in dark storage.

Infrared radiation, also invisible to the eye, causes
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heat buildup in objects. The distance of the |ight
source froma nuseum object is a factor that should be
considered. Incorrectly used spotlights, the ballasts of
fluorescent fixtures, and direct sunlight are common
sources of infrared radiation.

Lighting in spaces housi ng museum property nust be
controlled to protect objects from excessive visible, and
any ultraviolet, radiation. Adhere to reconmended |evels
when exposi ng nuseum property to |light for any extended
period of tine.

2. Monitoring Light Levels

a. Light Mnitoring Equi prment

Measure light levels using a conbination of a |ight
meter and a UV nonitor. Measurenents should be taken
seasonal ly, especially if any ultraviolet filters are
inuse. If lighting fixtures or equipnment change in
an area housi ng nmuseum property, neasurenents shoul d
be taken at that tine to ensure that the |ight stays
within the recommended levels. |f daylight is
present in the room I|ight nmeasurenents should be
taken both in the norning and the afternoon to record
the change in sunlight as the sun noves across the
sky.

Many types of light neters are available for
measuring visible light. Refer to Appendix J for
sources for light nonitoring equi pnent. Wen
choosing a light neter, it is inportant to use a
meter that is sensitive to light Ievels as | ow as 25
to 50 lux with a reasonabl e degree of accuracy (10%
or better). Light nmeters are avail able that neasure
light in lux or foot-candles. Using an ultraviolet
nonitor, neasure ultraviolet |evels in spaces housing
nmuseum obj ects to nake sure that ultraviolet
filtering materials remain effective.

When taking light readings with either the |ight
neter or the W nonitor, follow these standard
procedures: Elimnate shadows fromthe hand or body.
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For two-di mensi onal objects (paper, paintings, and
phot ographs), the sensor should be parallel to the
surface. For three-dinmensional objects, aimthe
sensor toward the light source. Take |ight readings
at various points on the object if it is larger than
approximately 1 foot.

b. Establishing a Light Mnitoring Program

The strategy for establishing a Iight nonitoring
programis as follows:

1)

Rel ease Dat e:
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Gat her data

It is inportant to obtain and record the
follow ng information:

a) Daily light variations
Det ermi ne how the sunlight noves about

the roomin the course of the day.
Determ ne the effect of artificial

[ighting used to suppl enment natural |ight
or to highlight certain objects on
exhi bit.

Unl i ke tenperature and relative humdity
whi ch constantly vary, light variations
occur quarterly at approximtely the sane
rate and tinme every year as |long as other
factors (e.g., shrubbery, film or

w ndows) remain the sane. Establish
seasonal light variations over a one-year
period. Once neasures for controlling
light |evels have been introduced,
continue to nonitor to ensure their

ef fecti veness.

b) Past lighting conditions

In a historic structure, determ ne
historic lighting conditions by studying
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2)

3)

d)

Mon

d)

Eval

the history of the structure.
Types of fixtures and filtering materi al

Not e the characteristics of existing
lighting fixtures and filtering
material s.

Space usage

Not e the frequency of one-time events
(e.g., the filmng of a docunentary film
in a historic structure).

tor light levels

In each space, identify nuseum property
that is nost susceptible to |ight damage.
| dentify sources of light within each
space.

Establish nonitoring sites. Each tine
measurenents are taken, use the sane
sites and the sane procedures. dd sites
can be abandoned and new sites
established as conditions warrant.
Prepare a floor plan that indicates the
| ocation of each nonitoring site.

Record all |ight and heat neasurenent
data. A sanple chart is illustrated in
Appendi x F, Section C

Note any corrective actions taken

(e.g., curtains drawn, historic awnings
replaced, UV filtering filminstalled
over wi ndows and/or fluorescent tubes,
el ectric voltage stepped-down because of
historic wiring resulting in dinmer
lights, or light fixtures replaced).

uate data fromlight nonitoring program
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Identify areas and objects that exceed

Depart mental standards. Determ ne how | ong
light sensitive objects have been exposed to
el evated light levels. Determ ne whether or
not those objects show signs of |ight danmage.
Renmenber, not all danage can be detected by
vi sual inspection; it may be necessary to
consult a curator and/or a conservator.

Corrective actions nust be taken to | ower
light levels that exceed standards.

I ncorporate nonitoring the results of those
actions into the light nonitoring program
For exanple, if W filtering filmis
installed on glass w ndow panes, nonitor the
UV radi ati on passing through the film and
conpare it with previous readings wthout the
film Does the filmfilter UV radiation?
How nmuch UV radi ation has been elim nated?
By installing UV filtering filmon w ndows,
how has visible |ight been affected? Does
the visible light | evel exceed the standard?

In historic structures or settings, conpare
existing light conditions wth historic
lighting conditions. For exanple, do objects
on exhibit receive nore or less |light than
they did historically? Does reducing |ight

| evel s in historic houses inprove
interpretation of the structures and the
museum obj ects as well as being a benefici al
preventive conservation neasure?

Data col |l ected by nonitoring provides an

i nportant basis for any request for change or
removal of threatened objects. Keep a
permanent file of all |ight nonitoring data.

3. Controlling Light Levels

Al light nmust be controlled in spaces housi ng nmuseum
property.
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a. Visible Light

Visible light, whether natural or artificial, should
be mai ntained within recomrended light levels (refer
to Figure 5.4). These levels can be obtained using a
vari ety of control methods.

I Control natural |ight com ng through w ndows by
usi ng w ndow coverings (e.g., blinds, shades,
curtains, shutters, or exterior awings). Cose
t hese devi ces whenever possible to prevent entrance
of light into spaces housing nuseum property.

I Use dustcovers to cover light sensitive objects
(it ncluding floor coverings). Use materials such as
cotton nmuslin or Gortex® that block visible |ight
and are air perneable, allow ng objects to
"breath." Dustcovers are particularly useful in
storage areas and in furnished roons that are
closed to the public part of the year.

I Place tinted light filters (filnms or varnishes) on
w ndows or over artificial lighting to | ower
visible light levels (e.g., plastic solar contro
filmfor wndows, UV filtering filmor sheet for
w ndows or picture franmes, and filter sleeves for
fluorescent tubes). When these filters are affixed
to wi ndow gl ass, |leave a thin line of glass al ong
t he edges uncovered to allow for the expansi on and
contraction of the materials. (This unfiltered
area i s not considered to be danagi ng because the
natural light comng in would reflect onto the
wi ndow nol di ng and frane.)

Many of the tints available (such as the dead
bronze or silver reflecting shades) dimnish the
integrity of historic structures, thus negatively

i npacting the historic scene. Choose tints that are
unobt r usi ve.

I Reduce artificial light Ievels by |lowering the
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wat t age of the incandescent bul bs, using fewer
light fixtures, using flood |ight bul bs instead of
spots, and turning off artificial |ighting when
peopl e are not present.

El ectrical swi tches can be used in exhibit areas
that activate lighting in specific areas only when
a button is pressed or a circuit is interrupted by
a physical presence. A tinmer can be attached to
the switch so that the |ight stays on for only a
specific period of tine.

50 lux (5 foot-candles) for especially light-sensitive

materials (e.g., dyed and treated organic nmaterial,
textiles, watercolors, tapestries, prints and

drawi ngs, manuscripts, |eather, wall papers, natural

hi story

speci nens such as bot ani cal specinens, fur and

feathers, and certain types of photographs

[e.g., filnms such as al bunen and cyanotypes]).

200 lux (20 foot-candles) for undyed and untreated organic
materials, oil and tenpera paintings, and fini shed wooden
surf aces.

Generally, other materials are | ess sensitive to |ight and
may be exposed to higher levels, up to a maxi num of 300

| ux. However, when these materials are housed with |ight-
sensitive materials, light |evels nust be controlled at

| evel s appropriate for the nost sensitive nmaterials.

Except for short durations required for access or
housekeepi ng, no light is acceptable for nmuseum property
i n storage.

Figure 5.4. Maximum Acceptable Illum nance Levels for Light-
Sensitive Materials

b. Utraviolet (UY) Radiation
Elimnate as nuch Utraviolet Iight as is possible.
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If the UV radiation |evel exceeds 75 mcrowatts per
lumen, it nmust be controlled. Sonme techniques
recommended for controlling visible light are al so
effective in controlling ultraviolet light. Wen
installing UV filtering material between the |ight
source and nmuseum property, keep the follow ng points
in mnd:

I install filtering material on all except
i ncandescent |ighting fixtures;

al ways place ultraviolet filtering material over
fluorescent tubes. (NOTE: Fluorescent tubes are
now avail abl e that have been coated with an
ultraviolet filtering chem cal); and,

periodically nonitor UV radiation to ensure that
filtering material is effective. Materials
(e.qg., nylar or plastics) to which the chem cal
filtering coating is attached tend to breakdown
faster than the filter. Replace filters whenever
they begin to breakdown physically (e.g., turn
yell ow or crack), as well as when the ultraviolet
filtering chem cal ceases to be effective. Refer
to Appendix J for sources of filtering materi al s.

C. Heat

The di stance of the |ight source fromthe nmuseum
object is also a factor that should be considered.
Lighting that is too close to an object raises the
tenperature of the object, resulting in damge to
organic materials. This increase in tenperature also
lowers the relative humdity |l evel of that object(s).
Heat that is generated by natural or artificial
lighting should also be controlled to prevent rapid
changes in relative humdity and the possible risk of
fire.

1) Heat produced by natural |ight

Heat generated by natural |ighting can be
controll ed through use of w ndow coveri ngs,
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2)

wi ndow filters, and good air-circul ation systens
(e.g., fans or air conditioners).

Heat produced by artificial lighting

Heat produced by artificial lighting can be
controlled by using light filters, good
air-circulating systens, and by physically
separating lighting fixtures fromthe section of
exhi bit cases that contain nmuseum property.

" If the light fixtures for an exhibit area are
in an encl osed box, this box should be well
vented to the general exhibit area to prevent
heat buildup. D mers that operate |ight bul bs
at a lower |evel when the heat buil dup becones
excessi ve shoul d be used.

I Strong flood | anps for professional

phot ogr aphy
can be a serious heat problem Control heat in
t hese situations by using heat-absorbing |ight
filters and making sure the area in use is
well -ventilated with fans or air conditioners.
The strong |ighting should stay on only when
actual filmng is taking place and be turned
off in between shots and during rehearsals. |If
rehearsals with lighting are necessary, use
dummy obj ects.

I Do not allow spotlights to throw a
concentrat ed
beam of |ight on an object or part of an
obj ect .

F. DUST AND GASEQUS Al R POLLUTI ON

1. Types of Air Pollutants

Air pollutants are classified into two types: gaseous
and particul ate.
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a. Gaseous Pollutants

Gaseous pollutants include ozone and aci di ¢ conpounds
of sulfur and nitrogen. These pollutants can cause
silver to tarnish, bright copper to discolor, lead to
beconme coated with a white powdery encrustation, and
| eaded bronze to grow crystals, frequently
acconpani ed by structural deterioration. Sone of

t hese pollutants attract water, thus facilitating
har nf ul chem cal reactions (e.g., weakening cellul ose
materials in paper and textiles, discoloring dyes,
and deteriorating varnish and oil paints). Metals,
stone, and several organic materials (e.g., paper,
textiles, and leather) are particularly susceptible
to gaseous pollutants.

b. Particulate Pollutants

Particul ate pollutants include dirt, dust, soot,
snoke, hair, skin cells, and pollen. Particul ate
pol lutants vary enornmously in size, and are
especi al |y dangerous to objects because they attract
noi sture and gaseous pol |l utants.

I Conposed of mnute mneral particles (e.g., silica
and iron oxide), dust can be an abrasive agent.
Renovi ng dust invol ves washi ng, w ping, or shaking,
all of which accelerate deterioration and increase
the risk of physical danage to a nuseum obj ect.

When wat er condenses around particul ates, sone of
t hem becone active chem cal agents that directly
attack nmuseum obj ect s.

Dirt attracts insects and is often acidic.

In coastal areas, the air contains chloride salts
that are often highly corrosive.

Ground soil is a particular concern for
archeol ogi cal objects. Water soluble salts
(e.g., sodiumchloride, sulfates, phosphates, and
nitrates) contained in the soil tend to infuse
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2.

Sour

ceram c and other porous nmaterials. After renoval
fromthe ground, these salts may crystalize on the
surface, eventually destroying the physical
structure of the object.

Rel ati onshi p Between Gaseous and Particul ate
Pol | ut ant s

Particulate matter plays the follow ng three basic
roles in relation to gaseous pollutants:

I it is a source for sulfates and nitrates. (These
particles can readily becone acidic on contact with
noi sture);

it provides a catalyst for the chem cal formation
of acids from gases; and,

It is an attractant for noisture and gaseous
pollutants. (Wen particles absorb noisture from
the surrounding air, they may also attract sul fur
di oxide or nitric dioxide).

ces of | ndoor Pollutants

Bui l ding Materials

Dust frombuilding materials may include mnute

al kaline particles fromunseal ed concrete and

f or mal dehyde resins used in plywod, particle board,
adhesi ves, and gl ues.

Pol | utants I ntroduced by HVAC System

Qut door pollutants are brought indoors in |arge
quantities through a structure's heating,
ventilation, and air-conditioning system (HVAC),
maki ng pollution filtration systens inportant in
controlling the anobunt of pollution found within a
structure.
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c. Miseum Property

Some nuseum obj ects pollute indoor air because they
are made up of materials that emt gases. Exanples

i nclude celluloid and ot her unstable plastics,
cellulose nitrate and di acetate negatives, and
pyroxylin inpregnated cloth used in twentieth century
book binding. bjects treated with a fum gant

(e.g., ethylene oxide) may also emt gases.

d. Exhibit and Storage Materials

Unpai nted or unvarni shed woods can give off acidic
vapors that damage organic materials, particularly if
the organic materials are enclosed in cases or

cabi nets constructed of these untreated woods. Sone
types of paints (e.g., acrylics) and varnishes emt
damagi ng gases. (Oak and Douglas fir produce nore

vol atil e organic acids than other types of woods and
therefore are the nost unsuitable types to use for
construction. Polyvinyl acetate (PVA) enulsions are
al so unsui tabl e because they cause | ead objects and
to a |l esser extent zinc and bronze objects to
deteriorate. Silver objects and many phot ographic
negatives and prints may be damaged by sul fides
emtted fromcertain glues, paints, textile finishes,
and rubber products.

3. Establi shing an Air Pollution Mnitoring Program

Measurenents of pollution |evels requires sensitive and
expensive instrunents. |f observations indicate that air
pol luti on may be causi ng danage to nmuseum property,
contact the bureau's nuseum property program manager for
assi stance in obtaining neasurenents. There are several
steps that can be taken by the nuseum property staff to
monitor air pollution |evels:

a. |Inspect Storage Spaces
Record the tinme frame for build-up of dust between

dustings (e.g., on floors, open shelving, and the
tops of cabinets and tables). Look for increased
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insect activity; such activity is often associ at ed
wi th an unacceptabl e accumul ati on of dust.

| nspect for Active Corrosion

In coastal areas watch for chloride pollution by

i nspecting netal objects for active corrosion.

Chl orides attack painted iron or steel objects.

| nspect all bronze objects for evidences of "bronze
di sease" - a pale green, powdery corrosion

Gat her Data

Sonme units may al ready have recorded i nformation

t hrough ongoing research on air quality. Contact the
Envi ronmental Protection Agency (EPA) to obtain
information on the |levels of ozone, sul phur dioxide,
nitric dioxide, and particul ates recorded in the
unit. These data assist curatorial staff in
identifying potential pollutant problens.

Monitor Relative Humdity

Because the presence of water accelerates the effects
of particul ate and gaseous pollutants on objects,
relative humdity data being recorded in spaces
housi ng nuseum property is essential to an air
pol I ution nonitoring program

Anal yze the Space Housi ng Museum Property

bserve and record the nature of internal air control
systens and the nature of the structure housing
museum property. Adobe and unseal ed concrete walls
are sources of high levels of dust. Air intakes, not
properly filtered, may convey high | evels of

pol lutants into a space housing nuseum property.

Exhi bit cases, storage cabinets, shelving made of
untreated wood or painted with inproper paints, may
outgas at increased levels. [In addition, observe how
much dirt and dust is brought into spaces by staff
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and visitors.

4. Methods for Controlling Air Pollution

El i m nate gaseous and particulate pollution to the | owest
practical level. There is no mninmm acceptable |evel of
pol lution. Suggested nethods for controlling air

pol lution in spaces housi ng nuseum property are as
fol |l ows:

a. Institute a Preventive Conservation Program

In storage spaces, keep floors, tops of cabinets, and
work surfaces clean to mnimze particul ate
accunul ati on. Incorporate dust control into the
housekeepi ng program

b. Separate Functions

Separate office and nuseum property staff work space
from museum property storage space.

c. Prevent Pollutants From Entering the Space

Upgrade and mai ntain seals and weat her stri pping
around doors and wi ndows.

d. Use and Maintain Appropriate Storage Equi prment

Store all sensitive objects in appropriate miseum
speci nen cabi nets. Maintain gaskets on all storage
cabinets. Replace old gaskets with neoprene gaskets.

e. Use Dustcovers

Use dustcovers to protect objects on open shel ving.
Dustcover material should be chemcally and

physi cal | y non-damagi ng and provide as conplete a
dust seal as possible while allow ng easy access.

I Use clear plastic (polyethylene) sheet or
unbl eached cotton nuslin material. The plastic
sheet and the cotton nuslin each have advant ages
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and di sadvantages. Plastic sheet is an

i npenetrable barrier to dust and noisture and is
clear, thus, facilitating inspection of objects

wi t hout having to open the covering (thus
destabilizing the mcroclimte). The di sadvant ages
of the plastic sheet are that it is not flanmeproof
and can lead to condensation in inproper
environnments. Cotton muslin may be nade fl amepr oof
but does not allow viewing of the artifacts w thout
openi ng the covering.

Two new non-woven materials: Tyvek® (style 16210),
a spun pol yet hyl ene sheet and Gore-Tex® 1.3 oz.
Barrier, a lamnate of a teflon nmenbrane with a

pol yest er backing, may be used as dustcovers. Both
materials are flexible, dustproof, waterproof,
opaque, and allow air circulation. A disadvantage
is that neither material is flameproof. Another

di sadvant age of Gore-Tex® 1.3 oz. Barrier is its

hi gh- cost .

I There are a nunber of nethods for attaching the
covering material to the shelving. Two nethods
currently in use are affixing the covering to the
steel shelving wwth small magnets or clipping the
covering to shelves and uprights with spring clips.
Vel cro, the hook and loop fabric fastener, may al so
be used. Caution should be used in renoving covers
to prevent damage to covered objects or specinens.

Segregate (Qbjects that Qutgas

Sone objects nmay generate gaseous pollutants through
a process called outgassing. Segregate objects that
outgas (e.g., cellulose nitrate negatives and

di acetate negatives) fromall other objects. Store
themin appropriate cabinets to neet standards

devel oped for these types of materials

(e.g., freezers).

Use Appropriate Cases

Store, exhibit, or transport objects in appropriate
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G

cases that do not rel ease damagi ng gases.

Air Conditioning

Filters in an air-conditioning systemmy reduce air
pollution levels. Effective control of gaseous
pollutants by air-conditioning requires highly
speci ali zed design and engi neering. Such systens may use
wat er sprays or activated charcoal filters to renove
gaseous pollutants. Except in the nost rigidly designed
system it is not practical to elimnate all particul ates
because high pressures are necessary to force air through
the paper filtering system

Filtering systens work best when air is filtered at two
points in the air flow system The first filter should
be a "viscous filter." This filter is placed near the
air intake to the structure. These filters use a liquid
such as oil to trap coarse particulates. The next filter
should be a "fabric filter" (layers of fabric). These
are nore efficient in renoving particul ates. Renenber:
to be effective, filters need to be routinely cl eaned or
changed.

An air-conditioning systemfor nuseum property storage
spaces shoul d be independent from other systens in the
structure. Never use "electrostatic precipitators” in a
space housi ng nuseum property. These precipitators,

t hough effective, generate ozone.

SELECTED BI BLI OGRAPHY

Appel baum Bar bar a

1992

Quide to Environnental Protection of Collections.
Madi son, CT: Sound Vi ew Press.

Car gocai re Engi neering Corporation

Cargocaire Dehum dification Handbook. Cargocaire
Engi neeri ng Corporation, P.O Box 640, Anesbury,
MA 01913

Carrier Air Conditioning

5: 38 Rel ease Dat e:
New



DEPARTMENT OF THE INTERIOR

DEPARTMENTAL MANUAL

Museum Property Handbook
(411 DM Vol une 1)

Chapter 5 Environnental Agents of Deterioration

The ABC s of Air Conditioning: A Priner of Air
Conditioning Types and Methods. Carrier Ar
Condi ti oning, P.O Box 4800, Syracuse, NY 13221

Carpenter, Jane and Hatchfield, Panela

1987 For mal dehyde: How Great is the Danger to Miseum
Coll ections? (Monograph) Canbridge, MA: Center for
Conservation and Techni cal Studies, Harvard
University Art Miseuns.

Craddock, Ann Brooke

1992 "Control of Tenperature and Humdity in Small
Col l ections," pp. 15-22, Conservation Concerns -
A CGuide for Collector and Curators. Konstanze
Bachman, Editor. Washington, DC. Sm thsoni an
Institution Press.

Kil by, Virginia

1992 "Using a Psychroneter to Measure Relative Humdity,"
NPS Conserve O Gram 3/8. Washington, DC. Nationa
Park Service, Curatorial Services Division

Mbrton, Bernard W
Hum di fi cati on Handbook: Wat, Wy, and How.
Dri-Steem Hum di fi er Conpany, P.O Drawer 128,
Hopki ns, N 55343

Padfield, Tim Erhardt, David; and Hopwood, Wlter

1981 "Trouble in Store", Science and Technology in the
Service of Conservation, pp. 24-27. Washington, DC
Reprints of the International Institute of
Conservati on Conference.

Pai ne, Shell ey Rei sman

1985 Techni cal Report 3: "Basic Principles for
Controlling Environnental Conditions in Historical
Agenci es and Museuns"” Nashville, TN:. The Anerican
Associ ation of State and Local History.

Sheet z, Ron and Fi sher, Chuck

1990 Preservati on Tech Notes, Miseum Col | ecti ons,
Nunber 2, "Reducing Visible and U traviol et Light
Damage to Interior Wod Finishes." Wshington, DC

Rel ease Dat e: 5:39
New



DEPARTMENT OF THE INTERIOR

DEPARTMENTAL MANUAL

Museum Property Handbook
(411 DM Vol une 1)

Chapter 5 Environnmental Agents of Deterioration

Nat i onal Park Service, Preservation Assi stance
Di vi si on.

Thonmson, Garry
1986 The Museum Envi ronnent (Second Edition). Boston, MNA

Butt er wort hs.

Thonpson, John M A. (Editor)
1984 Manual of Curatorship, Chapter 26, "Environnental
Conservation," pp. 198-199. Boston, NA:
But t erwort hs.

5: 40 Rel ease Dat e:
New



DEPARTMENT OF THE INTERIOR

DEPARTMENTAL MANUAL

Museum Property Handbook
(411 DM Vol une 1)

Chapter 5 Environnmental Agents of Deterioration

Rel ease Dat e: 5:41
New



