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De onderstaande tekst is het tweede hoofdstuk uit de thesis Historic House Museums die in 2004 
is geschreven voor het gehalen van de graad Master’s in Museology aan de Reinwardt Academie 
te Amsterdam. 
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CHAPTER 2: Environmental control 
 
2.1 The importance of environmental control 
 
Deterioration of the collection can be reduced by controlling temperature, relative humidity, light 
and air pollution. Deterioration of museum objects is inevitable, but controlling and measuring the 
indoor environment can significantly reduce deterioration and therefore add to the safekeeping of 
the collection. As stated in the introduction, the ICOM Code of Ethics demands from museum 
professionals that they take good care of the collection. 
 
The museum environment is, first of all, designed to moderate extremes in relative humidity and 
temperature, but also to provide a reasonable tolerable temperature for staff and visitors, the 
human comfort zone. 
 
2.2 Temperature and Relative Humidity 
 
The collection in a museum requires a special temperature and humidity to reduce the 
deterioration rate of the collection. The scale of measurement 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 three different kinds of deterioration: 

·  Physical: change in size and shape.  
Hygric (organic materials) and thermal (inorganic materials) expansion cause dimensional 
changes. Materials change in size and shape, leading to cracking, delaminating, warping 
and splitting. Softening of materials can occur at high RH values.  

·  Chemical: a chemical reaction occurs.   
High relative humidity accelerates the very numerous degradation reactions which involve 
hydrolysis. Corrosion of metals, glass decomposition and fading accelerate with increased 
humidity. High temperature will increase the speed of chemical reactions. Temperature is 
the more influential factor when it comes to accelerated chemical reactions. 

·  Biological: caused by living organisms and mould growth.  
Relative humidity and temperature levels determine whether these organisms flourish or 
exist at all. High humidity encourages living organisms. 

 
Although temperature and RH are interrelated, for a museum humidity control is a great deal more 
important than control of temperature.1 Materials expand when either the temperature or the 
relative humidity rises, but for moisture-absorbent, organic materials the expansion due to a rise in 
temperature is small compared to the change in size due to a rise in relative humidity. One has to 
keep in mind that the relative humidity is determined by the absolute humidity (the total amount 
of moisture present) in combination with the temperature. 
 
Dampness in buildings can originate from the roof, foundation, exposed wall or plumbing failure, 
but also a temperature fluctuation or from visitors. An important factor which influences humidity 
in museums is the presence of people. From the point of view from building physics, people 
mainly function as sources of water.  
 

                                                 
1 Thomson (1986) 
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2.2.1 Fluctuations of temperature and relative humidity  
 
The relative humidity of the indoor air influences the amount of moisture contained in materials at 
equilibrium with the environment; this amount is referred to as the equilibrium moisture content 
(EMC). Organic materials absorb and desorb water and consequently change dimension as the 
relative humidity changes.  
 
The rate of creating a new equilibrium with the surrounding air for any object depends on the 
thickness of the object and absorbency of the material. It can take weeks to months before a new 
equilibrium for the entire mass of an object is created. Few museum objects respond significantly 
to RH fluctuations under an hour in duration. It takes some time for an object to respond: this 
start-up period is called the response time. Wood, for example, has a lag time for dimensional 
response to changes in humidity; this response time is increased by surface coatings such as 
varnishes. The bulkiness of the material is of great importance. The relaxation time is the time the 
object needs to undergo its dimensional change. The most stressful fluctuations are longer than 
the response time, but shorter than the stress relaxation time.2 During this period the internal 
stresses are maximal and waiting to be released through dimensional change. 
 
If a material is unrestrained, the absorption and desorption is reversible within a reasonable range 
of relative humidity.3 The material simply expands and contracts. When changes in length exceed 
a certain value and the yield point is reached, the object is irreversibly deformed, or it breaks.4  
 
This yield point is therefore a determinant factor whether or not irreversible damage will occur. 
The yield point depends on whether the material is restrained or unrestrained (the presence and 
quality of panelling, layering and joints), the condition of the material and whether the objects is a 
composite object or not. 
 
The allowable fluctuation is a function of the relative humidity to which the object is 
equilibrated.5 The maximum allowable fluctuation of RH is higher in the middle range; smaller 
fluctuations are allowed at high and low RH.  
 
2.2.2. Condensation 
 
Condensation occurs whenever air is cooled below its dew point, usually because the air meets a 
colder surface. Condensation, and therefore chances of mould growth, may then occur on the 
coldest walls. It may occur on a daily rather than seasonal cycle. 
Condensation can occur: 

·  In winter: indoor air is humidified and heated, thus raising the dew point and increasing 
the risk of condensation.  

·  In spring: when the building is open to ventilation by warm moist air and the interior 
surfaces are still cold from winter, there is also an increased risk of condensation.  

·  Due to internal sources of moisture in historic buildings: cooking and washing activities, 
the presence of people. 

 
To prevent condensation temperatures and humidity’s can be lowered during winter. The building 
can be equipped with insulation, double or even triple glazing and vapour barriers to minimise the 
effects of condensation. Climate controlled cases can protect the more vulnerable objects of the 
collection. The most drastic measure for historic house museums is the decision to not display 

                                                 
2 Michalski (1993) 
3 Erhardt et al (1995) 
4 Erhardt et al (1995) 
5 Erhardt et al (1995) 
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high humidity sensitive objects. In this case one should decide whether the historic building or the 
collection is of more importance. 
 
2.2.3 Factors influencing the indoor environment of a building 
 
 
 
 
 
 
 

 
 
 
 
 
 
The following list show factors influencing the indoor environment both positively and 
negatively. The list is far from being complete. It shows that the indoor environment is the result 
of a great variety of (outside) factors. The complexity of this system and the many influences on 
the indoor environment make it difficult to predict its behaviour and to interpret abnormalities in 
measurements. 

Outdoor 
climate  

Architecture
building 

Building 
materials 

Use of the 
building 

Climate 
control 

Indoor 
climate 
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Outside the museum 

1. The location of the building. Two extreme zones can be defined: the Humid Zone 
(continual mould problem) and the Arid Zone (too dry). Artificial arid zones are produced 
by winter heating. 

2. Building orientation: sun, wind, rain. 
Inside the museum 

3. Temperature and relative humidity; they are interrelated: warm air can contain more water 
vapour, so when cold air is heated, the relative humidity decreases and vice versa. 

The architecture of the building 
4. The shape of the building. 
5. Glass surfaces make insulation difficult. Natural light can damage the collection. 
6. The presence of high ceilings makes it difficult to control the climate. 
7. Open traffic patterns inside and outside 

The materials used for the building 
8. Inorganic materials like glass, metal and concrete are poor insulators. They give only a 

slight protection from outdoor climatic variations. They 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 can harm other 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 and relative humidity need to be recorded in 

order to be able to respond accordingly.  
19. The proper positioning of the equipment is of importance for the results of the 

measurements. 
20. The readings from the measuring devices need to be assessed. 
21. Skills and knowledge of the personnel. 
22. The readings need to be filed with all relevant information. 

The use of the building 
23. All doors between more or less controlled zones in the building must be closed most of 

the time. 
24. Control knobs and removable parts on equipment in the room must be made secure from 

interference. 
25. If receptions and parties are taking place in the building, 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 building with 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 can be divided into:  

·  maintaining optimum figures for temperature and relative humidity   
·  maintaining a stable environment, minimising fluctuations  

 
An historic house museum with a normal heating system can be equipped with additional 
humidifiers or dehumidifiers to control the indoor climate. 
 
HVAC systems are designed for climate control. They vary a great deal in capacity and price. 
Although they seem to be the perfect solution to maintain a specific indoor climate, they do have 
drawbacks:  

·  HVAC systems are designed for human comfort. People are more sensitive for 
temperature than for relative humidity, museum objects are more sensitive for relative 
humidity than for temperature. In a museum a variation in temperature is usually 
preferable to a prolonged swing in humidity. Conventional HVAC systems treat 
temperature as the primary goal and humidity as supplementary. Therefore the system is 
produced to serve a different goal than what it is used for in a museum. 

·  HVAC systems require a lot of maintenance. Failure of the system is quite unacceptable 
for the museum. Once the system fails, the climatic shock for the museum objects will be 
dramatic.  

·  Pipes from control systems carrying water or steam over and in collection areas always 
present the possibility of leaks. An all-air system is usually preferred. 

·  To retrofit such a system often results in unacceptable damage to historically 
important structures.  

·  Building a HVAC system in a historic house museum, the building takes on the risk of 
high RH in winter and thus the risk of condensation, or at least cold, humid local areas.  

·  Some HVAC systems in historic buildings are not properly adjusted. This is a waist of 
money and energy. Sometimes the curator/director has no knowledge of the location of 
sensors, documentation about the system and when it was last calibrated.  

 
Humistatically Controlled Heating systems are systems controlled by a humidistat rather than a 
thermostat, and respond to the relative humidity. This system does not provide human comfort in 
winter, but can be used for small museums or historic buildings that are mainly unoccupied in 
winter. A high and low limit thermostat should prevent overheating in summer or freezing of 
water pipes in winter. The system can be used for seasonal museums in colder climates.6 
 
A buffering material can be used to maintain a stable RH. If the RH of the surrounding air falls 
the buffering material will give out moisture to keep the RH stable, and vice versa. These 
materials will therefore moderate the indoor relative humidity. Any moisture absorbent materials 
– wood, paper, cotton – do just this. These materials can therefore be used to buffer the climate in 
closed cases (see graph ‘relative humidity’ on page 35). The case itself can be made of buffering 
materials. Other buffering materials like silica gel can also be placed inside the closed case 
together with the museum objects to buffer the climate. 
 
Climate control involves consideration of the building as much as of the exhibits the building 
contains. The architectural side of the problem is of great importance. The historic house museum 
is not build for museum purposes. Furthermore, the house is quite often, but not always, 

                                                 
6 ASHRAE (1999) 
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‘fossilized’: the use of space, layout of the building, furnishings and objects exhibited cannot be 
changed.  
 
In European historic house museums the danger to avoid is dryness due to winter heating. The 
heating is for the comfort of both staff and visitors. Heating the cold winter air causes the relative 
humidity to drop. A humidifier can add water to the air, raising the relative humidity. But when 
heating is turned off overnight and the warm, humid air cools off, the relative humidity will rise 
again, causing condensation problems. Most older buildings are not capable of maintaining 50 % 
or higher relative humidity during very cold weather without condensation occurring in the 
building fabric.  
 
Note that any intervention in the building will have consequences. Some of these will be 
unwanted and unforeseen. The less we intervene with the natural climatic working of the building, 
the more we will be able to predict what is happening in the building. 
 
2.3 Light 
 
Deterioration caused by light is both physical and chemical. Light can cause surface deterioration 
on all organic material. It does not only cause a change in colour, but it also affects the strength of 
the material. Light can bleach, yellow, darken, weaken and embrittle organic material.  
 
Each chemical reaction requires a minimum amount of energy to begin the reaction, the activation 
energy. Light produces the energy to start chemical reactions, for museum objects these reactions 
are considered to be deterioration.  
 
The spectrum of radiation from light sources can be divided in ultraviolet radiation (shorter 
wavelengths, 100-400 nm), light or visible radiation (400-780 nm) and infrared radiation (longer 
wavelengths, 780 nm – 1 mm). Visible light is the part of the spectrum of radiation which we can 
see. All wavelengths of light cause significant damage. Ultraviolet light, shorter wavelengths, is 
the most damaging because it attacks an object with more energy than light with longer 
wavelengths. This energy is more likely to meet or exceed the required activation energy and thus 
start an unwanted chemical reaction. Infrared radiation, longer wavelengths, produces heat. Heat 
will accelerate all chemical processes. 
 
The process of light deterioration is cumulative and irreversible. Appendix A contains additional 
information on light. 
 
2.4 Air pollution 
 
The effects of pollutants in the indoor environment can be just as destroying as exposure to high 
light levels. Just like with light, the effects are cumulative. Air pollution can be divided in the 
presence of dust and gaseous pollutants.  
 
Gaseous pollution from outdoor sources, especially sulphur dioxide, has been dramatically 
reduced in the western world over the last decades. For the 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 like loss of fibre strength in a material. Dust interacts 
with relative humidity, temperature and even with other pollution compounds, making the 
deterioration process rather complex.7 
Dust can be defined as solid particulates, suspended in the air.8 The group of particulates is very 
big and diverse. Dust varies in size, colour, composition and origin: 

·  The size of a particulates can vary from 0,01 � m to 100 � m; this means that the biggest 
particulates, which can be seen with the naked eye, are 10.000 times bigger than the 
smallest.  

·  Particulates can be brown or black.  
·  The brown particulates are usually of natural origin and bigger than 2 � m. The black 

particulates are usually smaller than 2 � m and exist mainly of carbon compounds.  
·  The particulates can be either from sources within the museum or sources outside the 

museum. The outside sources can be divided into natural sources and sources from 
civilisation, for instance cars and industry. Dust particulates come into being through wear 
and tear and combustion (in engines). 

 
Several processes can occur in the air:9  

·  Coagulation: two or more solid particulates will form a bigger, heavier particulate 
·  Accumulation: gas or liquid particulate fuse with a solid particulate 
·  Sedimentation: deposition on surfaces due to gravity or thermodynamic processes 

Bigger particulates, 15 to 20 � m, will deposit fairly quick due to gravity. They will therefore 
deposit on horizontal surfaces. Airborne particulates are all particulates between 0,01 and 20 � m. 
They are capable of being suspended in air for a longer period. They will deposit on all surfaces. 
 
Factors leading to contact of airborne particulates and surfaces are:10 the concentration of 
particulates in the air, the difference in temperature between air and the surfaces, the airflow in the 
room and the inertia of the particulates. The likelihood of a particulate sticking to the surface 
depends on:11 the speed of the airflow, the weight of the particulate, the plasticity of the 
particulate and the surface and adhesion. 
 
Research in Knole House12 showed that: 

·  dust deposition when the house was closed was only 5 % of 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 and distance of visitors from objects. 

 
As for dust particulates, this is serious a problem in historic house museums, where objects are on 
open display more often than in other museums. Filters in HVAC systems can reduce the amount 
of bigger particulates quite well, but the finest particulates are almost impossible to filter out. 
 
2.4.2 Gaseous pollution  
 

                                                 
7 Ryhl-Svendson (2001) 
8 Winkelmann (2003) 
9 Winkelmann (2003) 
10 Winkelmann (2003) 
11 Winkelmann (2003) 
12 Howell (2002) 
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The deterioration caused by pollutants is an accumulated effect, just like light fading. The 
pollutants interact with relative humidity, temperature and even other pollutants, thus 
complicating the problem. The three main gaseous pollutants are sulphur dioxide, nitrogen 
dioxide and ozone: 
 

1. Most sulphur dioxide (SO2) appears in the air when fossil fuels are burnt. It is a mild 
acid, but it oxidises to sulphuric acid (H2 SO4) both in the air and on surfaces. Sulphuric 
acid is strong and corrosive; it cannot be removed by cleansing the air because of its 
involatility.13  
 
Deterioration caused by sulphur dioxide, and therefore sulphuric acid: 

·  Sulphuric acid will convert calcium carbonate (CaCO3) into a powder of calcium 
sulphate, gypsum.14 Chalk, limestone, frescoes and marble are all geological 
variations of calcium carbonate. 

·  Sulphuric acid attacks cellulose materials, such as paper, cotton and linen. The rate 
of attack is influenced by RH and light, especially UV light.  

·  It attacks protein materials, such as silk, wool, leather and parchment. But also 
dyes, pigments, paints, and synthetic textiles and rubbers are affected by sulphuric 
acid. 

·  Iron corrodes to rust when both moisture and an electrolyte are present. All acids, 
including sulphuric acid, can act as an electrolyte.  

 
2. Nitrogen dioxide (NO2) is soluble in water; it will form nitric acid (HNO3), a strong 
acid and an oxidising agent. It will cause corrosion of metals, hydrolysis of cellulose and 
attack on calcareous stones and murals. It attacks dyestuffs containing amine groups, 
especially on cellulosics and polyesters.15 
 
3. Ozone (O3) is a poison found at highest concentration in polluted towns. Ozone is 
produced in the stratosphere by action of UV radiation on oxygen;16 ozone is present in 
photochemical smog, from the effects of sunlight on car exhaust gases; electrical 
equipment which might be used indoors, can generate ozone. Certain types of 
photocopiers use such lamps. Ozone can be smelt in high concentration.  
 
Ozone is a powerful oxidant which can destroy almost all organic material. It also 
increases the rate of oxidation of silver and iron and sulphidation of silver and copper.17 
Ozone is therefore extremely dangerous in the museum. 

 
Chlorides are a dangerous contaminant for metals; iron and steel become rusty very quickly. At 
coastal areas, sodium chloride crystals are carried by the wind, but not very far. Therefore only 
coastal museums will be affected by chlorides. 
 
Incorrect storage can introduce undesirable gases in the museum air. Hydrogen sulphide and 
formic, acetic and hydrochloric acids have been introduced in this way. Organic acid vapours may 
be given off by different types of wood, such as oak.18 Rubbers, composite boards including the 
adhesives used in plywood and veneers can be the source of these vapours.  
 

                                                 
13 Thomson (1986) 
14 Thomson (1986) 
15 Thomson (1986) 
16 Thomson (1986) 
17 Thomson (1986) 
18 Thomson (1986) 
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The collection itself can also give off gas contaminants. For example, cellulose nitrate will give 
off nitrogen oxide vapours, vulcanised rubber volatile sulphides and oak organic acid vapours. 
Some objects have been treated in the past with pesticides, such as DDT. The pesticides are now 
re-entering the surrounding air and condensing on surfaces.  
 
Filters in a museum are required to remove sulphur dioxide, nitrogen dioxide and ozone. There 
are two methods to remove gaseous air pollution: water spray and activated carbon filters. Both 
can be used with a HVAC system. In such a system the air can be passed through a water spray. 
This method is effective for gases, such as sulphur and nitrogen dioxide, but not against ozone. 
The air can also be allowed to flow through an activated carbon filter. Ozone is removed with this 
type of filter, but the removal of nitrogen dioxide is not always an efficient process. 
 
2.5 Measuring and record keeping 
 
It is vital that all equipment used for measuring the museum environment should be used 
correctly, placed in the right spot, calibrated regularly and maintained in good condition. A 
thermo hygrograph ideally requires monthly calibration. It is important to know the deviation of 
the used equipment. When using dataloggers, it is important to know whether or not calibration 
can be done by the museum professional. If not, the datalogger must be calibrated by the 
manufacturer. 
 
The museum staff needs to have the know-how to interpret the data and be aware of all factors 
influencing the measurements. The data should be kept in a log, together with all relevant factors 
influencing the data and the interpretation of the data. This log will not only contain the weekly 
reports (in case of a thermo hygrograph), but also the museum agenda, data concerning the 
outside weather, calibration and maintenance of the used equipment.  
 
The data should be interpreted by a skilled person and adjustments in the museum must be made 
accordingly. Measuring is not enough, the data are meant to interpret and respond to. Too often 
the weekly graphs are kept in a log without anyone looking at them. This does not help climate 
control. 
 
In Denmark for example, temperature and relative humidity data collected in churches and 
historic houses and calibration of the dataloggers are centralised,19 thus ensuring good quality 
control of the performance of the datalogger. The data are interpreted monthly by a skilled person, 
so that action can be taken where and when necessary. 
 
The way the measurements are taken, where the equipment is placed, the deviation of the used 
equipment and how the data are interpreted are all of influence for the results. Wrongly performed 
measurements will give a different view of the climatologic situation in the house. This could 
have serious consequences for museum funding, loans and in the future membership of the 
Netherlands Museum Association. 
 
The Inspectie Cultuurbezit is currently assessing their method of measuring.20 Next to looking at 
the weekly graphs, they perform spot checks close to a randomly chosen object, measure 
temperature and relative humidity and compare the data with the general accepted standard for 
that type of object. The measurements are taken in one spot at one moment. The Inspectie 
Cultuurbezit would like to know if these measurements are representative for the environment 
around the given object.  
 
                                                 
19 Padfield (2004a) 
20 Pieter Keune 
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2.5.1 Temperature and relative humidity 
 
A datalogger can be used to measure temperature and relative humidity. When acquiring a 
datalogger, the following properties should be considered: memory capacity, battery life, sensor 
accuracy and operating range, the possibility for the user (instead of the manufacturer) to 
recalibrate, size, appearance, construction, display, visible or audible alarms, probes, download 
options, download speed and software capabilities.21 Dataloggers are not too expensive and are 
easy to use for museum staff. 
 
Chapter four discusses measurements of temperature and relative humidity taking in the coach 
house, used as store room, of an historic house museum in the Netherlands. 
 
2.5.2 Light 
 
Ultraviolet (UV) light can be measured with a UV-meter. UV-light is measured in microwatts per 
lumen (� W/l).  
 
Visible light is measured in lux (lumens per square meter) or foot-candles. One foot-candle equals 
11 lux. A light meter measures the amount of visible light, the level of illumination. However, 
chapter 3.2 will show that a lux-meter does not give sufficient information to estimate the 
damaging power of a light source. Appendix A presents more 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 measure. Gaseous pollution needs to be measured 
by professionals.22  
 
A simple test can be done to establish whether there are too many gaseous contaminants in the air. 
A metal sample can be placed in the display case. A small coupon of lead will, if it corrodes, 
inform if carbonyl compounds are present; a small silver coupon will, if it tarnishes, inform if 
sulphuric compounds are present in the air.23 
 
Measuring dust deposition can be done by placing glass microscope slides, horizontally or 
vertically, and measuring the surface reflection at 45
 before and after exposure.24 This is the so-
called ‘loss of gloss’ method. A novel method has been developed: semi-automatic image analysis 
using a microscope, a video camera and image analysis software.25 Particulates can thus be 
identified and counted, and their areas measured. The program 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 preservation of the building and the collection. 
Maintenance should be applied on three different levels: 
1. The maintenance of the building: lack of basic repair on the building has an immediate 

influence on the environment inside, and therefore the preservation of the collection.  

                                                 
21 Stappers, Kragt (2003) 
22 The Netherlands Institute of Cultural Heritage (ICN) can measure air pollution. 
23 Ryhl-Svendsen (2001) 
24 Adams (2002) 
25 Howell (2002) 
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2. Maintenance of the equipment to control the climate: all equipment used needs regular checks, 
servicing and sometimes calibration. Without proper maintenance the equipment is useless. 

3. Maintenance of the collection: regular cleaning, inspections and preventative conservation. 
 
When a historic house museum is, for example, equipped with UV-protective sheets, one must 
realise that these sheets do not last forever. They have a limited lifespan and should be replaced 
after a certain amount of time. 
 
2.7 Conclusion 
 
This chapter explained why and how temperature, relative humidity, light and air pollution are a 
threat for museum objects and how these factors influence the deterioration processes. In order to 
‘take good care of the collection’ it is necessary to understand the deterioration processes and to 
have good knowledge of all factors influencing and initiating these processes. Only then can one 
start reducing some of these threats and removing others. Museum objects need constant care by 
skilled and knowledgeable staff.  
 
It is worth repeating that any intervention in an historic building can have unforeseen and 
unwanted side effects. One has to be reserved when it comes to intervening with the natural 
environmental performance of the building envelope. 
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GLOSSARY 
 
·  Datalogger 
A device depending on electronic sensors to monitor and record data, such as light, temperature 
and relative humidity. 
 
·  Dew point 
As air cools it can hold less moisture. The temperature at which the air is saturated, the air is 
holding all the moisture it can, is called dew point. If the air is cooled further it must give up some 
of its moisture as condensation. 
 
·  Equilibrium moisture content (EMC) 
The amount of moisture contained in materials at equilibrium with the environment. When the 
relative humidity of the environment changes, organic materials absorb and desorb water, 
therefore causing a rise or lowering their EMC,  in order to establish a new equilibrium with the 
environment.  
 
·  Humidistat 
Neither humidifier nor dehumidifier can operate effectively without a humidistat. The humidistat 
automatically measures the RH of the air and switches the machine on and off when necessary, 
just like a thermostat switches a heating system on and off. The humidistat can also be used to 
operate the heating system (Humidistatically Controlled Heating). 
 
·  Hydrolysis 
The process of decomposition of a substance by the action of water.26 Usually a catalyst is needed 
for hydrolysis to occur. The addition of water or the hydroxyl group to materials.27 
 
·  HVAC system 
This is a heating, ventilation and air-conditioning system. These systems are used in museums for 
climate control. 
 
·  Relative humidity (RH) 
The RH is the ration of the actual water vapour pressure to the saturation water vapour pressure at 
the prevailing temperature.28 
  amount of water in a given quantity of air    
RH =  maximum amount of water which the air     X 100% 

can hold at that temperature 
The reason RH is so much used in conservation is that most organic materials have an equilibrium 
moisture content that is mainly determined by the RH and is only slightly influenced by 
temperature.29 
 
·  Luminance 
Luminance is a measure of the amount of light coming to us from the colour. It refers to the 
luminous flux given off by an area, and this area can either be part of a light source like a 
fluorescent tube or a patch of colour which is giving off light by reflection.30 Luminance is 
measured in Apostil (asb), meaning lumens reflected from a square metre off matt surface, or 
lumens emitted from a square metre of diffusing source. 
                                                 
26 Collins (1982) 
27 Padfield (1998) 
28 Padfield (1996b) 
29 Padfield (1996b) 
30 Thomson (1986) 
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·  Thermo hygrograph 
An instrument which records temperature and RH. The temperature sensor is a bimetallic strip, 
the RH sensor human hairs or a plastic substitute. These sensors move a pen over a paper form, 
thereby producing weekly graphs.  
 
·  Tungsten lamp 
A tungsten lamp or incandescent lamp is an ordinary domestic electric light bulb. An electric 
current is passed through a tungsten filament, heating it to about 2700 degrees Celsius. It produces 
very little ultraviolet light and does not require UV filtering. 
 
·  Silica gel 
Silica gel is a good buffering material: if the RH of the air drops it will give out moisture in order 
to keep in equilibrium and vice versa, thereby stabilising the climate. It works faster than wood, 
has a larger water reservoir, and is chemically inert and non-flammable. But silica gel can only be 
used in showcases, and packing cases, with slow air exchange with the environment. 
 
·  Yield point 
Mechanically, an object first exhibits only elastic, reversible behaviour and then it goes into a 
plastic or irreversible mechanical regime. The point at which plastic deformation occurs is called 
the yield point.
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APPENDIX A: Additional information on light 
 
To start a chemical reaction a certain definite quantity of energy is needed, the activation energy. 
In a museum the activation energy may be provided by heating or illumination of the object. Light 
energy is absorbed by molecules within an object. If the energy from light equals or exceeds the 
activation energy of a particular molecule, the molecule is ‘excited’, or made available for 
chemical reactions.31 
 
Quanta of light energy are called ‘photons’. Ultraviolet radiation (shorter wavelengths) photons 
are the most damaging of all. Light, or rather radiation, also causes a rise in temperature when it is 
absorbed by any material. 
 
Padfield (1997) states that the illumination of an object in lux, is not a measure of the 
photochemical damaging power of the light.32  
 
The lux is derived from the lumen and the lumen value contains no information about whether the 
light flux is dominated by energy in the luminously inefficient, but photo chemically efficient, 
blue wavelength or, as with a tungsten lamp, is largely provided by luminously inefficient but 
photo chemically relatively harmless radiation at the red end of the spectrum. (See figure 333) 
 
The illumination of an object in lux is not a measure of the photochemical damaging power of the 
light34. The damage done by light depends not only on the intensity of the light, but also on the 
distribution of the radiant energy over the visible spectrum35 (see figure 2). The lux, and therefore 
the lux meter, shows the sensitivity of the eye. (see figure 136) 

 

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

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

·  50 lux sky light contains five times the amount of 430 nm wavelength light (blue light) 
than 50 lux tungsten light (See figure 3 and 437) 

 

                                                 
31 Lindblom Patkus (2002) 
32 Padfield (1996a) 
33 Ashley-Smith (1999) page 230 
34 Padfield (1996) 
35 Padfield (1997) 
36 Thomson (1986) page 177 
37 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 damaging than yellow-green light (550 nm) 

in the middle range of the spectrum (See figure 2) 
The damage caused by sky light is about fifty times as great as the damage caused by tungsten 
lamps at the same lux value.  
 
 

 
Figure 5                                        Figure 6 

 
Figure 5 and 6 show this again: 
Figure 5 combines the information given in figure 1 and 2. The purple line in figure 5 shows the 
relative potency of different wavelengths (on a logarithmic scale); the yellow-green curve shows 
the energy at each radiation wavelength multiplied by the sensitivity of the eye (no logarithmic 
scale), and therefore the sensitivity of the lux-meter. The last peaks at 550 nm.38 
 
In figure 6 the information from figure 3 and 4 is added. The yellow-green curve has been 
transformed to a grey scale designed to give an impression of the filter in the lux-meter that is 
absorbing strongly in the blue and red ands of the visible spectrum but is quite transparent to 
yellow-green light in the middle of the spectrum.39 Three different museum light sources have 
been adjusted to give the same reading on the lux meter. Around 430 nm sky light has at least five 
times the energy of the tungsten light. Figure five shows that blue light is roughly ten times as 
potent as yellow-green light. Therefore the damage caused by sky light is about fifty times as 
great as the damage caused by tungsten lamps at the same lux value. 
 

                                                 
38 Padfield (1997) 
39 Padfield (1997) 
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Therefore Padfield concludes that measuring lux is not representative for the damaging power of 
the light. Only if one doubles the lux on an object from the same type of light source the 
photochemical damage will double (the law of reciprocity).  


