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ASSESSMENT OF ENVIRONMENTAL IMPACTS
Environmental Control of Objects for Conservation

It is necessary to store and maintain cultural properties in safety in order to preserve to them
for the future. For this purpose, it is important to avoid and to reduce the impact of factors that
damage cultural properties such as physical impacts, chemical impacts, disaster or vandalism. In
order to achieve this it is necessary to recognize factors that cause deterioration in artifacts, and
surrounding environmental conditions, and then to reduce the impacts on the objects. Here, the
surrounding environmental conditions are diverse and include temperature and humidity, lighting
and, air quality. This manual discusses the mechanism of material deterioration and the measures
to reduce these impacts for conservation.

Recently, 'preventive conservation' generally emphasizes controlling the environment of the
objects in order to minimize object deterioration so as not to need to repair the deteriorated objects.
It is vital in undertaking preservation and conservation work to understand the environmental
factors and mechanisms of deterioration.

Physical Deterioration of Objects

Any physical impacts are subject to energy forms that cause deterioration in objects or
artifacts. These impacts include heat, light, sound, or chemical action in the form of energy, which
influences the condition of the materials. The changes in these physical conditions also lead to
secondary impacts causing deterioration in objects.

The aim of conservation is to reduce these impacts or energy on objects.

Factors that Cause Deterioration of Objects

Figure 1 shows the environmental impacts that cause deterioration in objects. For external
conditions, sun light (or solar radiation energy) represents high risk impacts for materials. Sun
light, wind flow, rain, underground water or outside pollution are the natural impacts that affect
outside monuments.

Inside buildings, other impacts on objects are temperature and humidity changes, light, dust,
or VOC (volatile organic compounds) and chemical impacts. Depending on temperature and
humidity, insects or fungi increase and lead to severe object damage.



Factors cause deterioration of objects
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Figure 1. Deterioration factors surrounding buildings and materials

Physical Impacts to Objects

Changes in temperature and humidity, light intensity, dust, VOC are the physical impacts
that cause deterioration in objects. In general, micro, macro, and global level environments,
represent different conditions surrounding the objects.

The inside of the display case or storage box represents the micro level environment. The
room condition or internal building condition represents the macro level environment. The
external climate outside the building represents the global climate. These environmental levels
create a nested condition. In order to properly conserve the cultural properties, it is important to
understand the degree of impact caused by these factors, and to control the environmental
conditions in each level so as to minimize these physical impacts to the objects.

Micro-macro-global condition ->objects
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Figure 2 Micro and macro level of deterioration



Minimalizing Impacts to Objects

First, it is also important to determine the ideal conditions by monitoring the environmental

conditions in each level.

1.

What is the desired environment?

This depends on the compound materials and composition of the objects and the conditions
surrounding the objects in the past.

How can environmental conditions be controlled?

The external environment outside the nest affects internal environmental conditions inside
the nest. Generally, to mitigate the impacts from outside factors that affect the changes in
temperature and humidity surrounding the objects should be minimized; for example, heat
flow or moisture flow through the walls, solar radiation through windows and ventilation
air from outside.

The automated control of conditions (ex. air conditioning) means it is somewhat easier to
create the ideal conditions for objects. However this type of environmental control costs
initial equipment, maintenance, and backup systems. In addition, an emergency or
breakdown in the air conditioning system may worsen the conditions surrounding the
objects and create a situation where optimal conditions become difficult to maintain or
control. As a result, it is necessary to also consider a non-automated system in the design
of the storage/exhibition rooms in the buildings.

The level of control depends on the circumstances (cost, available material).

Monitoring conditions

Monitoring the environmental condition of the objects is the most important. A monitoring
system to record daily and hourly conditions can be utilized to understand the
environmental changes.

Internal monitoring factors: include temperature / humidity, dust, insects and fungi.
External monitoring factors include weather characteristics; dry, humid, high/low

temperature, wind speeds, outside pollution, rain and flooding.

Desirable Conditions

The IIC (International Institute for Conservation of Historic and Artistic Works) and [COM-

CC (International Council of Museums) and other authorities regulate the determination of

environmental factors. Various countries also have specific standards or environmental guidelines.

These regulations are applicable for general conditions however; the desired conditions should be



adjusted depending on the surrounding (global, macro, micro) environment, or the conditions
surrounding the objects in the past.

Meeting these desirable conditions is dependent on the material composition of the objects.
In conservation or protection, it is necessary to minimize the impacts to the objects. In addition,
minimizing changes in physical condition such as temperature or humidity of the objects is a
necessity. Generally, a low temperature is better.

Desirable Light Level

Light energy causes chemical deterioration in objects. Light is defined according to its wave
length (nm). The visible spectrum for light is from 380nm to 780nm. Ultraviolet light and the
infrared spectrum are less than 380nm and over 780nm respectively.

Generally, as short wave length radiation has the high energy potential to cause severe
damage to materials, short wave radiation, such as UV or X-ray should be removed as quickly as
possible. Even though visible light is necessary for observation of objects, it contains short length
radiation such as blue light (under 580nm), which can cause damage to objects.

When the materials or objects are exposed to long wave radiation (infrared light: IR) its
surface temperature increases causing rapid drying, which is why it should be removed from the
light source. Sunlight (daylight) includes both short and long length wave radiation, and exposure
facilitates an increase in the surface temperature of objects.

Deterioration caused by light
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Figure 3 Deterioration caused by light

Figure 4 shows the desirable light condition in a museum. Generally since organic material
and water color paintings are severely affected by lighting impacts; the intensity of the light should
be low. Conversely, metal, stone, and glass are stronger so a, higher intensity is permissible.



Light energy causes chemical deterioration of the materials. The level of the damage
depends on the wave length of the light. Because sunlight (daylight) contains the spectrum
between short and long wave radiation, it should be removed.

Some artificial lights also may damage the objects. Fluorescent lamps include UV and
incandescent lamps include the ranges of the infrared light. The emission of energy by LED (light-
emitting diode) is relatively low, however the LED devices generated heat to increase the
surrounding temperature.

In the selection of the lighting devices, both the intensity of the light energy and the exposure

hours should be considered to minimize the light level.

Desirable light condition in a museum
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Figure 4 Desirable light conditions

Desirable Temperature and Relative Humidity

Figure 5 shows an example of the desirable temperature and humidity required to maintain
objects. These examples reflect ideal conditions in well-controlled facilities. For example, when
the objects are handled inside, a temperature level of about 20°C is recommended, to avoid radical
change in the conditions between inside storage and outside storage. This temperature (20°C) is
considered an environment comfortable for human beings handing the objects. Films need to be
kept under low temperature conditions.

A suitable level of temperature should be considered depending on the surrounding condition
of the objects and its climate. In a dry climate, a relatively dry condition may be better than high
humidity to avoid rapid change. This is because that when the objects are moved from a condition
of moderate humidity (ex. 60%) to a drier condition (ex. 30%), the moisture present in the objects
evaporates.



Desirable termperature/relative humidity
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Figure 5 Desirable temperature and humidity

Figure 6 shows an example of desirable temperature and humidity. A highly humid condition
causes fungi even if the temperature is moderate. Generally, the relative humidity surrounding
materials and objects should not be high. The right photo in Figure 6 shows a basement without
measures for waterproofing. This causes damp and fungi to grow on the wall of the basement,
because of water penetration through the basement walls. Because basements or concrete building
have high thermal capacity, when outdoor humidity is high and temperature of the basements or
concrete building is relatively low, moisture condensation can be occurred in summer. It can also
lead the problem relating to existing of moisture.

Desirable temperature/relative humidity
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Figure 6 Desirable temperature and relative humidity



Deterioration Caused by Temperature/Humidity Changes

Conditions caused by temperature and humidity change
Figure 7 shows deterioration caused by the temperature/humidity change in the objects. The

photos (left: tiles in a case) and (middle: back of the tile) in figure 7 shows the tiles in a non-air-
conditioned room. The back of the tiles might be friable and slightly weak.

Figure 8 shows the air temperature and humidity changes in the tile exhibition room and the
case. The relative humidity of the air in the room and the case decreased, following outdoor
humidity change. The rapid changes in humidity occur when the temperature in the case rises
during illumination or when the lighting is on. As the air relative humidity decreases the moisture
evaporates from the surface of the tile. When the inside moisture of the tiles decreases under dry
room conditions, the bonding powers of the soils are weakened and the tiles begin flaking. Figure
9 shows the temperature and humidity in the tile exhibition room after improvement. ‘Artsorb’,
was introduced to control the air moisture level through its absorption and desorption mechanisms,
and to control the air relative humidity of the air in the case. After this measure, the humidity
change caused a decrease in the outdoor humidity to a humidity level, of 50-60%. However, when
the temperature in the case increases a few degrees rapidly during lighting, the relative humidity
drops down by 10 points. ‘Artsorb’ cannot control humidity change caused by rapid temperature
change.

The right photo in Figure 7 shows another example of the deterioration by inside moisture
change of the material. It shows salt crystallization on the tuff stone surface of an exterior pilaster.
There is a drainpipe on the back of the pilaster with cracks in it. Because the tuff stone itself
contains some salt originally the combination of water penetration from the back of the stone and
dry outdoor conditions in winter lead to crystallization and flaking.

Condition change
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Figure 7 Flaking of the tiles and salt crystallization of stones



Figure 8 Temperature and humidity changes in the exhibition room and the case
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Figure 9 Temperature and relative humidity after improvement

Air-conditioning for Storage

Mechanical control allows easy control in order to create suitable conditions for objects.
However this requires the maintenance of mechanical facilities, initial and running costs, and
backup systems for emergencies. In addition, the controlled level should be decided depending on
the surrounding conditions. In air-controlled or natural conditions, monitoring for
temperature/humidity and material condition is very important for maintaining a suitable

environment.



Monitoring of Temperature and Humidity

Figure 10 shows monitoring in the Bamiyan site after conservation work. The air
temperature/humidity and moisture content inside the walls of the caves where the mural paintings
remained are measured, as well as monitoring the climate conditions.

Figure 11 shows the temperature/humidity in Cave Na (open to the outside) and Cave M
(closed) in July and November. The changes in the temperature/humidity in Cave M are smaller
than those in Cave Na. Therefore, it can be said that maintaining the air exchange between inside
and outside is effective in conserving the mural paintings.

Figure 10 shows the temperature and relative humidity in Cave Na which is open to the
outside, and precipitation in Bamiyan valley. The results, suggest that even if the precipitation is
limited at the Bamiyan site, the relative humidity rises extensively following the rise in outdoor
humidity after rain.
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Figure 11 Temperature and relative humidity in caves at the Bamiyan site
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Figure 12 Outdoor temperature and humidity at the Bamiyan site

Figure 13 shows a container of mural painting fragments and the humidity and temperature
monitoring equipment. The temperature and humidity change is limited compared to that of

outside of the boxes in Figure 14.

Figure 13 Hygro-thermometer during storage of mural painting fragments
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Figure 14 Temperature and relative humidity in storage

Observation of Environmental Condition

An investigation of the museum environment was undertaken (Figure 15). The object in the
case is exposed to sunlight and the temperature increases are recorded in the monitoring results.
This causes dry conditions and damages the natural objects. As a result, a recommendation was
made for the display case to be moved to a shaded place.

Therefore, it is important to monitor the environments and to understand the effects of the

environmental factors on the objects.

Figure 15 Monitoring in the Tajikistan National Museum
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Conclusion for Sustainable Conservation

In order to maintain sustainable conservation of cultural properties environmental control is
very important. There are many factors, which affect the deterioration of objects.

Generally a low temperature and moderate humidity surrounding objects is better, however
the standard or regulation should be adjusted depending on the surrounding environment. Other
factors like light intensity and chemical effects should be minimized and adjusted where possible.

For the sustainable protection of cultural properties, understanding of materials and their
components, and the interaction between factors and environment as well as continuous
observation is required to reduce impacts on these objects.
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Desirable temperature/relative humidity
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