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CHAPTER 2: Environmental control
2.1 The importance of environmental control

Deterioration of the collection can be reduced @mtmlling temperature, relative humidity, light
and air pollution. Deterioration of museum objastmevitable, but controlling and measuring the
indoor environment can significantly reduce detation and therefore add to the safekeeping of
the collection. As stated in the introduction, IB®©M Code of Ethics demands from museum
professionals that they take good care of the cindie.

The museum environment is, first of all, designechbderate extremes in relative humidity and
temperature, but also to provide a reasonableatoietemperature for staff and visitors, the
human comfort zone.

2.2 Temperature and Relative Humidity

The collection in a museum requires a special teatpee and humidity to reduce the
deterioration rate of the collection. The scaleneasurement used for humidity in museums is
relative humidity(RH). Temperature and RH are interrelated:

when the temperature increases, RH will decrease

when the temperature decreases, RH will increase

Relative humidity and temperature influence thréerknt kinds of deterioration:
- Physical change in size and shape.

Hygric (organic materials) and thermal (inorganiatemials) expansion cause dimensional
changes. Materials change in size and shape, paalcracking, delaminating, warping
and splitting. Softening of materials can occunigh RH values.
Chemical a chemical reaction occurs.
High relative humidity accelerates the very numerdegradation reactions which involve
hydrolysis Corrosion of metals, glass decomposition andhfgadiccelerate with increased
humidity. High temperature will increase the speedhemical reactions. Temperature is
the more influential factor when it comes to aceked chemical reactions.
Biological: caused by living organisms and mould growth.
Relative humidity and temperature levels determithether these organisms flourish or
exist at all. High humidity encourages living orgams.

Although temperature and RH are interrelated, foruseum humidity control is a great deal more
important than control of temperatdrlaterials expand when either the temperatureer th
relative humidity rises, but for moisture-absorb@ngjanic materials the expansion due to a rise in
temperature is small compared to the change indsiego a rise in relative humidity. One has to
keep in mind that the relative humidity is deteredrby the absolute humidity (the total amount

of moisture present) in combination with the tenapere.

Dampness in buildings can originate from the rémindation, exposed wall or plumbing failure,
but also a temperature fluctuation or from visit@kxe important factor which influences humidity
in museums is the presence of people. From the pbinew from building physics, people
mainly function as sources of water.

! Thomson (1986)
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2.2.1 Fluctuations of temperature and relative hityi

The relative humidity of the indoor air influendde amount of moisture contained in materials at
equilibrium with the environment; this amount iereed to as the equilibrium moisture content
(EMC). Organic materials absorb and desorb water ansecprently change dimension as the
relative humidity changes.

The rate of creating a new equilibrium with thersunding air for any object depends on the
thickness of the object and absorbency of the nahtércan take weeks to months before a new
equilibrium for the entire mass of an object isateel. Few museum objects respond significantly
to RH fluctuations under an hour in duration. kea some time for an object to respond: this
start-up period is called thhesponse timeéNood, for example, has a lag time for dimensional
response to changes in humidity; this responseisnmereased by surface coatings such as
varnishes. The bulkiness of the material is of gmeportance. Theelaxation times the time the
object needs to undergo its dimensional change mids¢ stressful fluctuations are longer than
the response time, but shorter than the streseat@a time? During this period the internal
stresses are maximal and waiting to be releaseddghrdimensional change.

If a material is unrestrained, the absorption aesbdption is reversible within a reasonable range
of relative humidity? The material simply expands and contracts. Whemgss in length exceed
a certain value and the yield poistreached, the object is irreversibly deformedt breaks'

This yield point is therefore a determinant fasttrether or not irreversible damage will occur.
The yield point depends on whether the materigdstrained or unrestrained (the presence and
quality of panelling, layering and joints), the ddion of the material and whether the objects is a
composite object or not.

The allowable fluctuation is a function of the tela humidity to which the object is
equilibratec? The maximum allowable fluctuation of RH is higliethe middle range; smaller
fluctuations are allowed at high and low RH.

2.2.2. Condensation

Condensation occurs whenever air is cooled belowétv pointusually because the air meets a
colder surface. Condensation, and therefore chasfaasuld growth, may then occur on the
coldest walls. It may occur on a daily rather tsaasonal cycle.
Condensation can occur:
In winter: indoor air is humidified and heated, glmaising the dew point and increasing
the risk of condensation.
In spring: when the building is open to ventilatlmsnwarm moist air and the interior
surfaces are still cold from winter, there is asoincreased risk of condensation.
Due to internal sources of moisture in historiddings: cooking and washing activities,
the presence of people.

To prevent condensation temperatures and humidigisbe lowered during winter. The building
can be equipped with insulation, double or evasidrglazing and vapour barriers to minimise the
effects of condensation. Climate controlled casesprotect the more vulnerable objects of the
collection. The most drastic measure for histoaage museums is the decision to not display

2 Michalski (1993)

3 Erhardt et al (1995)
* Erhardt et al (1995)
® Erhardt et al (1995)
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high humidity sensitive objects. In this case dmeutd decide whether the historic building or the
collection is of more importance.

2.2.3 Factors influencing the indoor environmenadfuilding

Indoor
climate

Climate
contro

Use of the
building
Building
material:

Architecture
building

Outdoor
climate

The following list show factors influencing the mat environment both positively and
negatively. The list is far from being completestiows that the indoor environment is the result
of a great variety of (outside) factors. The comityeof this system and the many influences on
the indoor environment make it difficult to preditst behaviour and to interpret abnormalities in
measurements.
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Outside the museum
1. The location of the building. Two extreme zones bardefined: the Humid Zone
(continual mould problem) and the Arid Zone (tog)dArtificial arid zones are produced
by winter heating.
2. Building orientation: sun, wind, rain.
Inside the museum
3. Temperature and relative humidity; they are intategl: warm air can contain more water
vapour, so when cold air is heated, the relativaitlity decreases and vice versa.
The architecture of the building
4. The shape of the building.
5. Glass surfaces make insulation difficult. Natuigtht can damage the collection.
6. The presence of high ceilings makes it difficulctmtrol the climate.
7. Open traffic patterns inside and outside
The materials used for the building
8. Inorganic materials like glass, metal and concaegepoor insulators. They give only a
slight protection from outdoor climatic variatioriiey can also create cold surfaces
which increase condensation.
9. The presence of buffering materials.
The collection
10. Some exhibit materials may give off gas that camhather materials.
11. The presence of buffering materials.
Climate control
12. The presence of a HVAC system.
13. Good air circulation.
Relative humidity control in a closed case
14. The presence of closed cases or cocoons.
Maintenance
15. Maintenance of the humidifying equipment.
16. Maintenance of dataloggers: regular calibration.
17. Maintenance of the building.
Monitoring and reporting
18. The presence of dataloggers: the temperature ¢atd/echumidity need to be recorded in
order to be able to respond accordingly.
19. The proper positioning of the equipment is of intpoce for the results of the
measurements.
20. The readings from the measuring devices need &sdessed.
21. Skills and knowledge of the personnel.
22. The readings need to be filed with all relevanbinfation.
The use of the building
23. All doors between more or less controlled zonghénbuilding must be closed most of
the time.
24. Control knobs and removable parts on equipmerftérrdom must be made secure from
interference.
25. If receptions and parties are taking place in thé&lng, the equipment should be
designed to handle these special circumstances.
26. The amount of visitors.
Funding
27. How much funding is available to provide the builglwith the proper equipment to
control the climate?
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2.2.4 Controlling relative humidity and temperature

The control of temperature and relative humidity ba divided into:
maintaining optimum figures for temperature andtreé humidity
maintaining a stable environment, minimising fluatians

An historic house museum with a normal heatingesystan be equipped with additional
humidifiers or dehumidifiers to control the indamimate.

HVAC systems are designed for climate control. Ty a great deal in capacity and price.
Although they seem to be the perfect solution tantaen a specific indoor climate, they do have
drawbacks:
HVAC systems are designed for human comfort. Pea@enore sensitive for
temperature than for relative humidity, museum cisj@re more sensitive for relative
humidity than for temperature. In a museum a vaan temperature is usually
preferable to a prolonged swing in humidity. Cortieamal HVAC systems treat
temperature as the primary goal and humidity aplenpentary. Therefore the system is
produced to serve a different goal than whatiitsisd for in a museum.
HVAC systems require a lot of maintenance. Faibfréhe system is quite unacceptable
for the museum. Once the system fails, the clingdtack for the museum objects will be
dramatic.
Pipes from control systems carrying water or steaar and in collection areas always
present the possibility of leaks. An all-air systismasually preferred.
To retrofit such a system often results in unacd@ptdamage to historically
important structures.
Building a HVAC system in a historic house musethme, building takes on the risk of
high RH in winter and thus the risk of condensatmmat least cold, humid local areas.
Some HVAC systems in historic buildings are notparty adjusted. This is a waist of
money and energy. Sometimes the curator/directonb&nowledge of the location of
sensors, documentation about the system and whessitast calibrated.

Humistatically Controlled Heating systems are systeontrolled by a humidisteaither than a
thermostat, and respond to the relative humidibys Bystem does not provide human comfort in
winter, but can be used for small museums or hestarildings that are mainly unoccupied in
winter. A high and low limit thermostat should peew overheating in summer or freezing of
water pipes in winter. The system can be useddasanal museums in colder climates.

A buffering material can be used to maintain alst&#. If the RH of the surrounding air falls

the buffering material will give out moisture todgethe RH stable, and vice versa. These
materials will therefore moderate the indoor retumidity. Any moisture absorbent materials
— wood, paper, cotton — do just this. These mdsecean therefore be used to buffer the climate in
closed cases (see graph ‘relative humidity’ on @&ge The case itself can be made of buffering
materials. Other buffering materials like silicd gan also be placed inside the closed case
together with the museum objects to buffer the aten

Climate control involves consideration of the bunfglas much as of the exhibits the building
contains. The architectural side of the problewfigreat importance. The historic house museum
is not build for museum purposes. Furthermorehthese is quite often, but not always,

® ASHRAE (1999)
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‘fossilized’: the use of space, layout of the bunty furnishings and objects exhibited cannot be
changed.

In European historic house museums the dangerid &/dryness due to winter heating. The
heating is for the comfort of both staff and visstoHeating the cold winter air causes the relative
humidity to drop. A humidifier can add water to tie raising the relative humidity. But when
heating is turned off overnight and the warm, huaiiccools off, the relative humidity will rise
again, causing condensation problems. Most oldigdibgs are not capable of maintaining 50 %
or higher relative humidity during very cold weatlathout condensation occurring in the
building fabric.

Note that any intervention in the building will lFmeonsequences. Some of these will be
unwanted and unforeseen. The less we intervenethdthatural climatic working of the building,
the more we will be able to predict what is happgnn the building.

2.3 Light

Deterioration caused by light is both physical ahdmical. Light can cause surface deterioration
on all organic material. It does not only causéange in colour, but it also affects the strendth o
the material. Light can bleach, yellow, darken, keseand embrittle organic material.

Each chemical reaction requires a minimum amouehefgy to begin the reaction, the activation
energy. Light produces the energy to start chennézadtions, for museum objects these reactions
are considered to be deterioration.

The spectrum of radiation from light sources cawlib&led in ultraviolet radiation (shorter
wavelengths, 100-400 nm), light or visible radiat{d00-780 nm) and infrared radiation (longer
wavelengths, 780 nm — 1 mm). Visible light is tletpmf the spectrum of radiation which we can
see. All wavelengths of light cause significant dge Ultraviolet light, shorter wavelengths, is
the most damaging because it attacks an objectmatie energy than light with longer
wavelengths. This energy is more likely to meetxareed the required activation energy and thus
start an unwanted chemical reaction. Infrared tamialonger wavelengths, produces heat. Heat
will accelerate all chemical processes.

The process of light deterioration is cumulatived areversible. Appendix A contains additional
information on light.

2.4 Air pollution

The effects of pollutants in the indoor environmeaut be just as destroying as exposure to high
light levels. Just like with light, the effects am@mulative. Air pollution can be divided in the
presence of dust and gaseous pollutants.

Gaseous pollution from outdoor sources, especsallghur dioxide, has been dramatically
reduced in the western world over the last decdelmsthe museum it is more important to focus
on indoor sources and especially dust.
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2.4.1 Dust

Dust can cause corrosion and cause effects lilsedblbre strength in a material. Dust interacts
with relative humidity, temperature and even withes pollution compounds, making the
deterioration process rather complex.

Dust can be defined as solid particulates, suspkimdiae ai® The group of particulates is very
big and diverse. Dust varies in size, colour, cositpm and origin:

- The size of a particulates can vary from 0,@1to 100 m; this means that the biggest
particulates, which can be seen with the nakedage10.000 times bigger than the
smallest.

Particulates can be brown or black.

The brown particulates are usually of natural orgnd bigger than 2m. The black
particulates are usually smaller thanr@ and exist mainly of carbon compounds.

The particulates can be either from sources witienmuseum or sources outside the
museum. The outside sources can be divided intoadegources and sources from
civilisation, for instance cars and industry. Dpatticulates come into being through wear
and tear and combustion (in engines).

Several processes can occur in thé air:

Coagulation: two or more solid particulates wiltrfoa bigger, heavier particulate

Accumulation: gas or liquid particulate fuse wits@id particulate

Sedimentation: deposition on surfaces due to gravithermodynamic processes
Bigger particulates, 15 to 20n, will deposit fairly quick due to gravity. Theyilltherefore
deposit on horizontal surfaces. Airborne particgaire all particulates between 0,01 andr0
They are capable of being suspended in air fongdoperiod. They will deposit on all surfaces.

Factors leading to contact of airborne particulares surfaces aréthe concentration of
particulates in the air, the difference in tempambetween air and the surfaces, the airflowen th
room and the inertia of the particulates. The iil@d of a particulate sticking to the surface
depends on! the speed of the airflow, the weight of the paitite, the plasticity of the

particulate and the surface and adhesion.

Research ifkKnole Hous¥ showed that:
dust deposition when the house was closed wasco¥yof that when open,
large particulates were found at floor level,
second ‘high’ level of distribution at waist level,
there were lots of textile fibres,
dust was related to visitor numbers, activities distince of visitors from objects.

As for dust particulates, this is serious a probiemistoric house museums, where objects are on
open display more often than in other museumsersiin HVAC systems can reduce the amount
of bigger particulates quite well, but the fineattulates are almost impossible to filter out.

2.4.2 Gaseous pollution

" Ryhl-Svendson (2001)
8 Winkelmann (2003)

° Winkelmann (2003)

10 Winkelmann (2003)
" Winkelmann (2003)
12 Howell (2002)



Sabine Westerhuis 2004

The deterioration caused by pollutants is an actated effect, just like light fading. The
pollutants interact with relative humidity, tempeenr@ and even other pollutants, thus
complicating the problem. The three main gaseollatpats are sulphur dioxide, nitrogen
dioxide and ozone:

1. Most sulphur dioxide (Spappears in the air when fossil fuels are butng & mild
acid, but it oxidises to sulphuric acid{BQ,) both in the air and on surfaces. Sulphuric
acid is strong and corrosive; it cannot be remdwedleansing the air because of its
involatility.*®

Deterioration caused by sulphur dioxide, and tleeeesulphuric acid:
Sulphuric acid will convert calcium carbonate (Cafi@to a powder of calcium
sulphate, gypsurtf. Chalk, limestone, frescoes and marble are alloggodl
variations of calcium carbonate.
Sulphuric acid attacks cellulose materials, sucpager, cotton and linen. The rate
of attack is influenced by RH and light, especially light.
It attacks protein materials, such as silk, waedther and parchment. But also
dyes, pigments, paints, and synthetic textilesrabters are affected by sulphuric
acid.
Iron corrodes to rust when both moisture and actrellyte are present. All acids,
including sulphuric acid, can act as an electrolyte

2. Nitrogen dioxide (N@) is soluble in water; it will form nitric acid (H&:), a strong
acid and an oxidising agent. It will cause corrasid metals, hydrolysis of cellulose and
attack on calcareous stones and murals. It atestuffs containing amine groups,
especially on cellulosics and polyestErs.

3. Ozone (@) is a poison found at highest concentration inypetl towns. Ozone is
produced in the stratosphere by action of UV raatiadn oxygernt® ozone is present in
photochemical smog, from the effects of sunlightanexhaust gases; electrical
equipment which might be used indoors, can genemire. Certain types of
photocopiers use such lamps. Ozone can be snteihrconcentration.

Ozone is a powerful oxidant which can destroy almatisorganic material. It also
increases the rate of oxidation of silver and mod sulphidation of silver and copgér.
Ozone is therefore extremely dangerous in the mmseu

Chlorides are a dangerous contaminant for metals;and steel become rusty very quickly. At
coastal areas, sodium chloride crystals are cabgetie wind, but not very far. Therefore only
coastal museums will be affected by chlorides.

Incorrect storage can introduce undesirable gasg®imuseum air. Hydrogen sulphide and
formic, acetic and hydrochloric acids have beerodiiced in this way. Organic acid vapours may
be given off by different types of wood, such ak.BzRubbers, composite boards including the
adhesives used in plywood and veneers can be tineesof these vapours.

13 Thomson (1986)
 Thomson (1986)
> Thomson (1986)
¥ Thomson (1986)
' Thomson (1986)
8 Thomson (1986)
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The collection itself can also give off gas contaanmts. For example, cellulose nitrate will give
off nitrogen oxide vapours, vulcanised rubber vtdagulphides and oak organic acid vapours.
Some objects have been treated in the past wititjples, such as DDT. The pesticides are now
re-entering the surrounding air and condensinguofaces.

Filters in a museum are required to remove suldiaxide, nitrogen dioxide and ozone. There
are two methods to remove gaseous air pollutiotemspray and activated carbon filters. Both
can be used with a HVAC system. In such a systenaithcan be passed through a water spray.
This method is effective for gases, such as sulphdrnitrogen dioxide, but not against ozone.
The air can also be allowed to flow through anvatéd carbon filter. Ozone is removed with this
type of filter, but the removal of nitrogen dioxigenot always an efficient process.

2.5 Measuring and record keeping

It is vital that all equipment used for measuring museum environment should be used
correctly, placed in the right spot, calibratedulagy and maintained in good condition. A
thermo hygrograpideally requires monthly calibration. It is impant to know the deviation of
the used equipment. When using dataloggers, mp®itant to know whether or not calibration
can be done by the museum professional. If notd#éhalogger must be calibrated by the
manufacturer.

The museum staff needs to have the know-how topreethe data and be aware of all factors
influencing the measurements. The data should peike log, together with all relevant factors
influencing the data and the interpretation ofda&. This log will not only contain the weekly
reports (in case of a thermo hygrograph), but tdeanuseum agenda, data concerning the
outside weather, calibration and maintenance otifeel equipment.

The data should be interpreted by a skilled pesswhadjustments in the museum must be made
accordingly. Measuring is not enough, the dataneant to interpret and respond to. Too often
the weekly graphs are kept in a log without anylo&ing at them. This does not help climate
control.

In Denmark for example, temperature and relativaidity data collected in churches and

historic houses and calibration of the dataloggeescentralisedf thus ensuring good quality
control of the performance of the datalogger. Th@@re interpreted monthly by a skilled person,
so that action can be taken where and when negessar

The way the measurements are taken, where thermeguotips placed, the deviation of the used
equipment and how the data are interpreted add aifluence for the results. Wrongly performed
measurements will give a different view of the @iwiogic situation in the house. This could
have serious consequences for museum funding, &ahs the future membership of the
Netherlands Museum Association.

Thelnspectie Cultuurbezis currently assessing their method of measiuffitdext to looking at
the weekly graphs, they perform spot checks closerandomly chosen object, measure
temperature and relative humidity and compare #ta dith the general accepted standard for
that type of object. The measurements are takene@rspot at one moment. Timspectie
Cultuurbezitwould like to know if these measurements are pr&ative for the environment
around the given object.

19 padfield (2004a)
2 pieter Keune

10



Sabine Westerhuis 2004

2.5.1 Temperature and relative humidity

A datalogger can be used to measure temperaturekative humidity. When acquiring a
datalogger, the following properties should be aered: memory capacity, battery life, sensor
accuracy and operating range, the possibilityHeruser (instead of the manufacturer) to
recalibrate, size, appearance, construction, dispigible or audible alarms, probes, download
options, download speed and software capabifiti€ataloggers are not too expensive and are
easy to use for museum staff.

Chapter four discusses measurements of tempeatdreelative humidity taking in the coach
house, used as store room, of an historic houseumu# the Netherlands.

2.5.2 Light

Ultraviolet (UV) light can be measured with a UV4me UV-light is measured in microwatts per
lumen (W/I).

Visible light is measured in lux (lumens per squaegter) or foot-candles. One foot-candle equals
11 lux. A light meter measures the amount of vesiight, the level of illumination. However,
chapter 3.2 will show that a lux-meter does noegufficient information to estimate the
damaging power of a light source. Appendix A présemore detailed information about
measuring light and the damaging power of light.

2.5.3 Air pollution

Air pollution is more difficult for a museum to maae. Gaseous pollution needs to be measured
by professionalé’

A simple test can be done to establish whetheether too many gaseous contaminants in the air.
A metal sample can be placed in the display casemall coupon of lead will, if it corrodes,

inform if carbonyl compounds are present; a smidscoupon will, if it tarnishes, inform if
sulphuric compounds are present in théir.

Measuring dust deposition can be done by placiagsgicroscope slides, horizontally or
vertically, and measuring the surface reflectiodftbefore and after exposiffeThis is the so-
called ‘loss of gloss’ method. A novel method hasrbdeveloped: semi-automatic image analysis
using a microscope, a video camera and image amalytware?® Particulates can thus be
identified and counted, and their areas measureel pfogram can also discriminate particulates
on basis of shape or colour.

2.6 Maintenance of historic house museums

Maintenance is a very important factor in the preston of the building and the collection.

Maintenance should be applied on three differerdlte

1. The maintenance of the building: lack of basic nepa the building has an immediate
influence on the environment inside, and therefloeepreservation of the collection.

2L Stappers, Kragt (2003)

22 The Netherlands Institute of Cultural HeritageN)&an measure air pollution.
% Ryhl-Svendsen (2001)

24 pdams (2002)

% Howell (2002)

11
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2. Maintenance of the equipment to control the climalieequipment used needs regular checks,
servicing and sometimes calibration. Without prapaintenance the equipment is useless.
3. Maintenance of the collection: regular cleaningprections and preventative conservation.

When a historic house museum is, for example, @gaipvith UV-protective sheets, one must
realise that these sheets do not last forever. heg a limited lifespan and should be replaced
after a certain amount of time.

2.7 Conclusion

This chapter explained why and how temperaturafivel humidity, light and air pollution are a
threat for museum objects and how these factolisein€e the deterioration processes. In order to
‘take good care of the collection’ it is necesdarynderstand the deterioration processes and to
have good knowledge of all factors influencing amitiating these processes. Only then can one
start reducing some of these threats and removhrgr® Museum objects need constant care by
skilled and knowledgeable staff.

It is worth repeating that any intervention in astdric building can have unforeseen and

unwanted side effects. One has to be reserved ivhemes to intervening with the natural
environmental performance of the building envelope.

12
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GLOSSARY

Datalogger
A device depending on electronic sensors to moamorrecord data, such as light, temperature
and relative humidity.

Dew point
As air cools it can hold less moisture. The temfoeeaat which the air is saturated, the air is
holding all the moisture it can, is called dew polfthe air is cooled further it must give up sem
of its moisture as condensation.

Equilibrium moisture content (EMC)
The amount of moisture contained in materials atldgium with the environment. When the
relative humidity of the environment changes, orgamaterials absorb and desorb water,
therefore causing a rise or lowering their EMC oiider to establish a new equilibrium with the
environment.

Humidistat
Neither humidifier nor dehumidifier can operateeeffvely without a humidistat. The humidistat
automatically measures the RH of the air and swgdhe machine on and off when necessary,
just like a thermostat switches a heating systerarmhoff. The humidistat can also be used to
operate the heating system (Humidistatically CdlgdoHeating).

Hydrolysis
The process of decomposition of a substance bgdtien of watef® Usually a catalyst is needed
for hydrolysis to occur. The addition of water be thydroxyl group to materiafs.

HVAC system
This is a heating, ventilation and air-conditionsygtem. These systems are used in museums for
climate control.

Relative humidity (RH)

The RH is the ration of the actual water vapousguee to the saturation water vapour pressure at
the prevailing temperatufg.

amount of water in a given quantity of air
RH = maximum amount of water which the air 00%

can hold at that temperature
The reason RH is so much used in conservatioratstlest organic materials have an equilibrium
moisture content that is mainly determined by theaRd is only slightly influenced by
temperaturé’

Luminance
Luminance is a measure of the amount of light cgnanus from the colour. It refers to the
luminous flux given off by an area, and this araa either be part of a light source like a
fluorescent tube or a patch of colour which is miyodff light by reflectior’® Luminance is
measured in Apostil (asb), meaning lumens reflefrtad a square metre off matt surface, or
lumens emitted from a square metre of diffusingseu

% Collins (1982)

" padfield (1998)
28 padfield (1996b)
2 padfield (1996b)
% Thomson (1986)
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Thermo hygrograph
An instrument which records temperature and RH. t€hgerature sensor is a bimetallic strip,
the RH sensor human hairs or a plastic substifiitese sensors move a pen over a paper form,
thereby producing weekly graphs.

Tungsten lamp
A tungsten lamp or incandescent lamp is an ordidargestic electric light bulb. An electric
current is passed through a tungsten filamentjrigeétto about 2700 degrees Celsius. It produces
very little ultraviolet light and does not requld®/ filtering.

Silica gel
Silica gel is a good buffering material: if the RHthe air drops it will give out moisture in order
to keep in equilibrium and vice versa, thereby ifitahg the climate. It works faster than wood,
has a larger water reservoir, and is chemicallytiaed non-flammable. But silica gel can only be
used in showcases, and packing cases, with slosxelrange with the environment.

Yield point
Mechanically, an object first exhibits only elastieversible behaviour and then it goes into a

plastic or irreversible mechanical regime. The pairwhich plastic deformation occurs is called
the yield point.

14
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APPENDIX A: Additional information on light

To start a chemical reaction a certain definitengjtyaof energy is needed, the activation energy.
In a museum the activation energy may be provigdelddating or illumination of the object. Light
energy is absorbed by molecules within an objéthd energy from light equals or exceeds the
activation energy of a particular molecule, the exale is ‘excited’, or made available for
chemical reaction$-

Quanta of light energy are called ‘photons’. Ulicdet radiation (shorter wavelengths) photons
are the most damaging of all. Light, or rather a#idn, also causes a rise in temperature when it is
absorbed by any material.

Padfield (1997) states that the illumination ofodoject in lux, is not a measure of the
photochemical damaging power of the light.

The lux is derived from the lumen and the lumemugalontains no information about whether the
light flux is dominated by energy in the luminousigfficient, but photo chemically efficient,

blue wavelength or, as with_a tungsten lampargely provided by luminously inefficient but
photo chemically relatively harmless radiationtet ted end of the spectrum. (See figut® 3

The illumination of an object in lux is not a meesof the photochemical damaging power of the
light**. The damage done by light depends not only oiintie@sity of the light, but also on the
distribution of the radiant energy over the visibfectrur® (see figure 2). The lux, and therefore
the lux meter, shows the sensitivity of the eyee (gure 1°)

Damage

1 I | 1
300 400 500 600 700

Wavelength (nm)

Figure 1 : sensitivity eye; gtliie 2: rate of deterioration versus damage

The damage caused by light depends on the intesfditght and on the distribution of the radiant
energy over the visible spectrum. Not all light s®s have the same spectral energy distribution.
Considering that:

50 lux sky light contains five times the amoun#80 nm wavelength light (blue light)

than 50 lux tungsten light (See figure 3 ai( 4

% Lindblom Patkus (2002)

% padfield (1996a)

33 Ashley-Smith (1999) page 230
¥ padfield (1996)

% padfield (1997)

% Thomson (1986) page 177

3" Thomson (1986) page 165
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Figure 3: spectral distribution tungsten  Figure 4: spectral distribution sky

blue light (400 nm) is roughly ten times more damgghan yellow-green light (550 nm)
in the middle range of the spectrum (See figure 2)
The damage caused by sky light is about fifty timggreat as the damage caused by tungsten
lampsat the same lux value

Figure 5 (g 6

Figure 5 and 6 show this again:

Figure 5 combines the information given in figurarid 2. The purple line in figure 5 shows the
relative potency of different wavelengths (on aaligthmic scale); the yellow-green curve shows
the energy at each radiation wavelength multiptipdhe sensitivity of the eye (no logarithmic
scale), and therefore the sensitivity of the luxeneThe last peaks at 550 rifn.

In figure 6 the information from figure 3 and 4added. The yellow-green curve has been
transformed to a grey scale designed to give ameissmon of the filter in the lux-meter that is
absorbing strongly in the blue and red ands owisible spectrum but is quite transparent to
yellow-green light in the middle of the spectrdiT.hree different museum light sources have
been adjusted to give the same reading on the &gnmmAround 430 nm sky light has at least five
times the energy of the tungsten light. Figure Bhews that blue light is roughly ten times as
potent as yellow-green light. Therefore the dan@mesed by sky light is about fifty times as
great as the damage caused by tungsten latrthe same lux value.

38 padfield (1997)
% padfield (1997)
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Therefore Padfield concludes that measuring luotsrepresentative for the damaging power of
the light. Only if one doubles the lux on an objecm the same type of light sourite
photochemical damage will double (the law of recqity).
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