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Relationship with other publications

This PAS can be used in conjunction with the following
additional publications for the cultural sector:

e PAS 197:2009, Code of practice for cultural collections

management

is set within the cultural collections
management framework given in PAS 197:2009,
in particular with respect to collections care and
conservation.

e PD 5454:2012, Guide for the storage and exhibition

of archival materials

references as a specification
for managing environmental conditions for cultural
collections that can be used by those managing
archives. superseded ,
Recommendations for the storage and exhibition
of archival documents and PD_0024:2001, Archival
documents — Guide to the interpretation of

— Storage and exhibition of archival

documents.

European standard on sites and buildings intended
for the storage and use of cultural collections

The European Committee for Standardization has
started work on a new European Standard on sites
and buildings intended for the storage and use of
cultural collections. The work is being conducted
through a working group of the European technical
committee, CEN/TC/346, Conservation of cultural
property. is expected to form part of the UK's
contribution to the environmental aspects of this new
European Standard.

Use of this document

It has been assumed in the preparation of this PAS
that the execution of its provisions will be entrusted to
competent people who are appropriately qualified and
experienced in the care and management of cultural
collections for whose use it has been produced.

© The British Standards Institution 2012
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Presentational conventions

The provisions of this standard are presented in roman
(i.e. upright) type. Its requirements are expressed in
sentences in which the principal auxiliary verb is “shall”.

Commentary, explanation and general informative
material is presented in italic type, and does not
constitute a normative element. The word “should”
is used to express recommendations, the word “may”
is used to express permissibility and the word “can”
is used to express possibility, e.g. a consequence of an
action or an event.

Spelling conforms to The Shorter Oxford English
Dictionary. If a word has more than one spelling, the
first spelling in the dictionary is used.

Contractual and legal considerations

This publication does not purport to include all the
necessary provisions of a contract. Users are responsible
for its correct application.

Compliance with a PAS cannot confer immunity from
legal obligations.
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O Introduction

0.1 General

has been developed to help collecting
organizations meet their responsibility to establish
and maintain environmental conditions that preserve
the cultural collections in their care for future use

and enjoyment. It is a specification for managing
environmental conditions for collections and covers
temperature, relative humidity, light and pollution.
The starting point for users of this PAS is to develop an
understanding of the sensitivity of collection items to
these agents of deterioration.

This PAS aims to help users make their own judgements
about specifying beneficial environmental conditions
appropriate to local circumstances. The emphasis

is on providing conditions for the materials and
structures of collection items that will help prevent
rapid deterioration or irreversible damage. Although
deterioration cannot be arrested altogether, it can

be significantly slowed down. Good management of
environmental conditions can extend the lifetime of
even sensitive materials.

This PAS also takes account of a move in the UK towards
energy restraint, prompted by the international drive
to reduce the use of fossil fuels. Annex A explains the
thinking that underlies the requirements of this PAS

on the relationship between energy economy and
environmental conditions. Architectural or engineering
aspects of environmental control are beyond the scope
of this specification, however, and guidance on building
options is therefore not included.

0.2 Background

The development of is in part a response

to the statement issued by the UK National Museum
Directors’ Conference (2009) that “museums need to
approach long-term collections care in a way that does
not require excessive use of energy, whilst recognising
their duty of care to collections. There is general
agreement that it is time to shift museums’ policies

for environmental control, loan conditions and the
guidance given to architects and engineers from the
prescription of close control of ambient conditions
throughout buildings and exhibition galleries to a more
mutual understanding of the real conservation needs
of different categories of object, which have widely

different requirements and may have been exposed to
very different environmental conditions in the past.”

This PAS also reflects a debate initiated in 2009 by the
UK Arts and Humanities Research Council (AHRC) and
UK Engineering and Physical Sciences Research Council
(EPSRC) Science and Heritage Programme research cluster
“Environmental Guidelines: Opportunities and Risks”
(EGOR). One of the outcomes of the EGOR initiative was
a recommendation that new environmental standards
based on recent scientific evidence should be developed
for cultural collections in the UK. These should apply

to the range of materials commonly found in archives,
libraries and museums, thus going beyond the scope

of BS 5454:2000, Recommendations for the storage

and exhibition of archival documents, which has been
superseded by Guide for the storage and

exhibition of archival materials.

0.3 Approach

Users of this PAS are required to evaluate the
sensitivity of their collection items to temperature,
relative humidity, light and pollution, recognizing
that materials react in different ways to different
agents of deterioration, and that collection items are
often composite objects with a structure combining a
number of different materials. Collecting organizations
often need to find ways of dealing with a wide range
of material sensitivities. Collection items also often
have a history of repair and conservation treatments,
which can be relevant when specifying beneficial
environmental conditions.

This approach reflects the increasing use of the results
of research over the past century into the effects of
temperature, RH, light exposure and pollution on the
rates of change of collection materials, to determine
specific environmental conditions for specific aims,
rather than highly prescriptive limits for environmental
conditions for all collections.

Users are required to make decisions about suitable
preservation environments on the basis of information
about a collection, including any available data on

its current and past storage and display environment,
the materials and structures of collection items and
their current condition. Other key factors include the
significance of particular collection items in the context

© The British Standards Institution 2012
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of the collection, and the impetus to reduce energy
consumption. Decisions need to be made in the context
of local priorities, and compromises might be necessary.

On the basis of this information, organizations are
required to develop an environmental management
strategy appropriate to the collection. The strategy
will set out an agreed understanding of the “expected
collection lifetime”, that is, the length of time over
which the usable life of collection items can be
prolonged by means of preservation measures. The
expected collection lifetime depends on the resources
the organization decides to invest in its collection items
for preservation purposes, taking into account their
significance, planned use and display, and the rate at
which their constituent material or materials would be
expected to deteriorate if no preservation measures
were taken. The expected collection lifetime could
range from a few years for an ephemeral collection

to many centuries.

Against the background of the strategy, organizations
are required to set an environmental specification for
the collection. Guidance on suitable environments is
given in Annexes B to G. The aim of these annexes is to
help users estimate the likely impact of environmental
conditions on the lifetime over which collection items
can be preserved, with the focus on those which
because of their component materials or complex
structure are recognized as sensitive to temperature,
relative humidity, light and pollution. Collecting
organizations are required to monitor environmental
conditions and take measures to mitigate damage
caused by these four agents of deterioration.

In implementing this PAS, a balance needs to be struck
between the often conflicting demands of the care of
the collection, the use and display of collection items
and energy economy. While there are many factors
that influence the environmental conditions in which
collection items are stored, displayed or transported,
aims to provide an effective framework for
managing the preservation of collections over the
expected collection lifetime as the highest priority.

An illustration of the different parameters to consider

when setting environmental conditions for a cultural
collection is given in Figure 1.

© The British Standards Institution 2012
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0.4 Research

The body of published research relating to the
collection environment has grown over the last 10
years. Where possible, refers to research
publications with the aim of promoting understanding
of the risks to collections arising from decisions on
environmental conditions. Heritage science research is
sometimes limited since experimental work cannot be
carried out on original objects. As scientific research is
therefore often reliant on material models or simulated
conditions to measure and predict material change,

it might not reflect accurately the behaviour of the
actual object being modelled or simulated. Therefore,
alongside this empirical research, it continues to be
important to take account of the experience of, and
data collected by, conservation professionals who
witness first-hand the changes to objects over time.

It is recognized that research evidence is lacking in
some areas, and where this is the case, accumulated
professional experience forms the basis for the
requirements. Inclusion of a reference recognizes that
it reflects the best available scientific evidence at the
time of developing this PAS. In view of the gaps in the
evidence currently available, it is clear that further
research is needed into the response of a variety of
materials commonly found in collections to a broad
range of environmental factors and the full range

of conditions.

Full details of research publications referenced in this
PAS can be found in the bibliography, which has been
compiled with contributions from experts including
members of the Steering Group and Review
Panel and members of TNA Working Group.
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1 Scope

This PAS specifies requirements for managing the
setting of environmental conditions for collection
items held in cultural collections in the UK, whether in
storage, on display or in transit.

It sets out a framework within which environmental
conditions can be specified and methods of achieving
them can be determined. It also provides guidance

in the form of notes and informative annexes to
support collecting organizations in complying with the
requirements of this PAS. Such informative material,
however, does not constitute a normative element of
this PAS.

The areas specifically covered by this PAS include:

a) the general management of environmental
conditions (Clause 3, Annex A and Annex B);

b) temperature (see Clause 4, Annex C and Annex E);

c) relative humidity (see Clause 5, Annex D and
Annex E);

d) light (see Clause 6 and Annex F); and
e) pollution (see Clause 7 and Annex G).

This PAS is applicable to all types and sizes of cultural
collections held by individual collectors and all types
of collecting organizations such as archives, historic
houses, libraries and museums, whether public or private.

It covers the materials and physical structures of

collection items but does not cover born-digital material.

It does not cover the architectural or engineering
aspects of environmental control.

© The British Standards Institution 2012
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It is for use by collecting organizations with a
responsibility for the environmental management of
their cultural collections. It can be used by collection
owners, collection and building managers, architects
and engineers, archivists, conservators, curators,
librarians, registrars, scientists and others concerned
with collections care and conservation.

It is also of use to sponsoring and funding bodies and
others who need to understand the environmental
requirements of collections.

It focuses on climatic conditions prevailing in the UK
and therefore is aimed primarily at UK users. However,
it does take account of an international readership.
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2 Terms and definitions

For the purposes of this PAS, the following terms and
definitions apply.

NOTE Attention is also drawn to general terms and
definitions for the conservation of cultural property

given in BS EN 15894

2.1 agent of deterioration

factor, whether occurring naturally or through human
actions, that has the potential to cause harm to a
collection item

NOTE For example, temperature, relative humidity,
light and pollution.

2.2 anoxic

oxygen-free

2.3 cold storage

storage at temperatures below 0 °C

2.4 collecting organization

organization that collects, cares for and provides access
to collection items for education, learning, enjoyment,
legal or evidential purposes

NOTE 1 For example, archives, historic houses, libraries
or museums.

NOTE 2 Organization includes individuals such as
owners of private collections.

[derived from PAS 197:2009, 2.6]

2.5 collection

total body of collection items, or part thereof, held by a
collecting organization

[PAS 197:2009, 2.8]

2.6 collection item

object forming part of a collection

NOTE For example, an artefact, book, digital or physical
document (including a record), journal, specimen or
work of art.

[derived from PAS 197:2009, 2.22]

2

2.7 collection space
area or enclosure in which collection items are held, all
sharing the same body of air

NOTE For example, a building, room, storage cabinet,
display case or transit crate.

2.8 collections care

range of activities intended to safeguard a collection

NOTE These activities can include organizational
policies, security, storage, cleaning, maintenance,
handling, scientific investigation, environmental
monitoring and control, exhibitions and loans,
conservation, provision of surrogates and emergency
planning.

[PAS 197:2009, 2.10]

2.9 collections management

strategies, policies, processes and procedures relating
to a collection’s development, information, access
and care

[PAS 197:2009, 2.14]

2.10 competent person

someone who has the necessary and sufficient training,
knowledge, experience, expertise, skills and/or other
qualities to complete their allotted task safely and
effectively

[PAS 197:2009, 2.16]

2.11 conservation

interventive techniques applied to a collection item
to achieve chemical and physical stabilization for the
purpose of extending the useful life of the collection
item to ensure its continued availability

NOTE Also known as interventive conservation and
remedial conservation.

[derived from PAS 197:2009, 2.17]

© The British Standards Institution 2012
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2.12 cooled storage

storage at temperatures below the average annual
temperature of the location, but not below 0 °C

2.13 cultural collection

collection containing evidence of human activity and
the natural environment, accompanied by associated
information

[PAS 197:2009, 2.19]

2.14 damage function

quantitative expression of cause and effect
relationships between agents of deterioration and
material change

2.15 deliquescence

reaction between a solid and atmospheric water vapour
causing dissolution to form an aqueous solution on the
surface of the solid

2.16 digital ink

ink formulated for use with digital printers

2.17 dust

dry particulate composed mainly of lightweight organic
and inorganic materials from a variety of sources

NOTE Chemical and biological sources include buildings,
people, traffic and textiles.

2.18 expected collection lifetime

length of time over which the usable life of collection
items can be prolonged by means of preservation
measures

NOTE The expected collection lifetime depends on

the resources an organization decides to invest in its
collection items for preservation purposes, taking into
account their significance, planned use and display, and
the rate at which their constituent material or materials
would be expected to deteriorate if no preservation
measures were taken.

2.19 general storage

storage of materials at temperatures near the average
annual temperature of the location or near human
comfort temperatures

© The British Standards Institution 2012
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2.20 glass transition temperature (T )

temperature at which amorphous materials change
from hard and brittle to viscous and rubbery

2.21 hydrolysis

chemical reaction in which a compound reacts with
water to produce other compounds

2.22 hygroscopic material

material that adsorbs moisture when the environmental
relative humidity rises and loses moisture when relative
humidity drops

[BS EN 15757:201d, 3.6]

2.23 hypoxic

low-oxygen

2.24 illuminance

qguantity of luminous flux falling on a surface

NOTE 1 Also known as light level, light intensity
and lux level.

NOTE 2 Illluminance is measured in lux, which is
lumen/m?.

NOTE 3 A more detailed definition is given in
BS ISO 80000-7.

2.25 light exposure

total illuminance over a period of time
NOTE Light exposure is measured in lux-hours.

2.26 luminous flux

amount of light emitted from a light source per second
NOTE 1 Luminous flux is measured in lumens.

NOTE 2 A more detailed definition is given in
BS ISO 80000-7.

2.27 thermal response time

time taken to re-establish thermal equilibrium
throughout a collection item following a change in
ambient temperature
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3 General

humidity, light and pollution.

A collecting organization is expected to determine the environmental conditions for its
collection within the context of a documented collections care and conservation policy,
recommendations for which are given in PAS 197.

This clause specifies an overall framework for developing an environmental management
strategy and setting an environmental specification for a collection. Clauses 4 to 7 specify
in detail the approach to be adopted in setting parameters for temperature, relative

3.1 Assigning responsibility

The organization shall designate competent persons
with the responsibility for:

a) developing and updating an environmental
management strategy for the collection in
accordance with 3.2;

b) collecting environmental data relating to the
collection in accordance with 3.3;

¢) carrying out an environmental risk assessment in
accordance with 3.4;

d) setting an environmental specification for the
collection in accordance with 3.5;

e) monitoring environmental conditions in accordance

with 3.6; and

f) taking action to mitigate damage and
deterioration caused by temperature, relative
humidity (RH), light and pollution.

3.2 Developing a strategy

The organization shall develop an environmental
management strategy for the collection. The strategy
shall include a statement of the expected collection
lifetime and the energy demand arising from the
environmental conditions needed to achieve this,

taking into account the sensitivity, significance and use

of individual collection items.
NOTE The strategy should make clear the balance the

organization intends to aim for between preservation
requirements, usage and display and energy economy.

3.3 Collecting data
The organization shall collect data relating to the
collection, including as a minimum data on:

a) the significance of the collection or collection
items therein;

e)

NOTE Conducting a significance assessment
should form part of a collecting organization’s
collections development policy and procedures.
Recommendations for conducting a significance
assessment are given in 4.3.
Attention is also drawn to Russell and
Winkworth (2009).

the current and expected usage of collection items,
including display, handling, transit and loan;

the condition of the collection;

the past environment of the collection as detailed
in any existing records, noting in particular changes
over time;

the current external and internal environment
of the collection space in order to measure
performance over time, including:

1) the temperature and RH inside and outside the
collection space in accordance with 4.10 and 5.10;

2) theilluminance or duration of exposure of
light falling on collection items in accordance
with 6.7;

3) pollutants in accordance with 7.4, any
pollution-related damage identified during
an inspection conducted at predetermined
intervals and, where a problem is identified,
the effects of pollutants on collection items;

changes made to environmental control systems;
and

energy use, recorded in such a way that energy
used for different purposes, for example lighting,
heating and ventilation, storage or display, can be
measured separately.

3.4 Assessing the risks

The organization shall conduct an environmental risk
assessment of collection items, including an assessment of:

© The British Standards Institution 2012
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a) the structure and component materials of
the collection items, including their history of
conservation and repair; and

b) the sensitivity of the collection items to
temperature, RH, light and pollution.

NOTE 1 The effects of known interactions between
one or more agents of deterioration should also be
assessed. Examples of known interactions are given in
Annex B.

NOTE 2 Recommendations for conducting an overall
risk assessment of a cultural collection are given in
. In addition to environmental risks, the overall
risk assessment also takes into account risks from other
factors such as fire, flood and theft, which are outside
the scope of this PAS.

NOTE 3 Further guidance on conducting risk

assessments is given in BS ISO 31004, Ashley-Smith
(1999), Waller (1995) and Waller (2003).

3.5 Setting an environmental
specification

3.5.1 The organization shall set an environmental
specification for the collection with the aim of
preserving the collection for its expected collection
lifetime.

3.5.2 The organization shall set the environmental
specification after a review of:

a) the expected collection lifetime and associated
energy demand, as specified in the environmental
management strategy in 3.2;

b) data collected in 3.3; and
c¢) the environmental risk assessment conducted in 3.4.

3.5.3 The organization shall include in the
environmental specification:

a) the permissible upper and lower limits, rate of
change and fluctuations for temperature (see
Clause 4);

b) the permissible upper and lower limits, rate of
change and fluctuations for RH (see Clause 5);

¢) the permissible upper limit for light exposure,
upper limit for illuminance and upper limit for UV
to light ratio (see Clause 6); and

d) gaseous pollutants expected to cause unacceptable
risk, and any pollution control measures adopted
with the intention of enabling the expected
collection lifetime to be achieved (see Clause 7).

3.5.4 The organization shall set the environmental

specification in 3.5.3 for general storage, cooled
storage, cold storage, display and transit.

© The British Standards Institution 2012
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3.5.5 The organization shall set separate environmental
specifications for any microclimates provided for
sensitive collection items.

3.5.6 The organization shall conduct a review of
environmental conditions at predetermined intervals,
taking into account the results of monitoring environmental
conditions and inspection of collection items.

NOTE Further guidance on environmental management
is given in ASHRAE (2007), Cassar (1995), Michalski
(2007) and Michalski (2009).

3.6 Monitoring environmental conditions

3.6.1 The organization shall check all monitoring
equipment in accordance with the manufacturer’s
instructions at predetermined intervals to determine
that it is fully functional.

3.6.2 The organization shall calibrate all monitoring
equipment in accordance with the manufacturer’s
instructions.

3.6.3 The organization shall conduct a review of the
data collected in 3.3 to analyse the environmental
conditions of the collection space and identify the need
for any improvements.

NOTE The monitoring of temperature, RH, light and
pollution is covered in more detail in 4.10, 5.10, 6.7
and 7.4, respectively. Monitoring should include visual
inspection to identify damage and deterioration as well
as the use of monitoring equipment.

3.7 Achieving energy economy

The organization shall include in the environmental
specification in 3.5 the measures taken to minimize
energy demand.

NOTE Energy demand can be minimized through,
for example, the use of climate and lighting control
systems that are highly automated or limited to
screening windows and opening doors. Further
guidance on energy economy is given in Annex A.

3.8 Documenting and retaining data

The organization shall document all evidence of having
complied with 3.1 to 3.7. The documentation shall be
retained in a retrievable form and for a predetermined
period of time.

NOTE Data should be retained in accordance with good
practice associated with the formats in which they

are kept (for example, paper documents, electronic
documents and data sets). Further guidance on records

management is given in BS ISO 15489-1.
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4 Temperature

The rates of many deterioration mechanisms (chemical, biological and physical) increase
as temperature increases. Changes in temperature within a collection space can also cause
deterioration. Given the different dependencies on temperature of these mechanisms,
and their differing impact on collection items, a universal temperature range and
permissible fluctuations for collections cannot be specified. Attempts to establish a
universal safe zone for all collection items by providing conditions required only by
sensitive collection items can result in unsafe conditions for atypical collections, as well as
leading to unjustifiably increased use of energy.

4.1 Parameters

The environmental specification in 3.5 shall include
parameters for temperature that will enable the
expected collection lifetime to be achieved, taking into
account the materials and structures of collection items
and their sensitivity to temperature and changes in
temperature. These parameters shall include:

a) the permissible upper limit for temperature;
b) the permissible lower limit for temperature;

c) the permissible rate of change for temperature;
and

d) the permissible fluctuations for temperature.

NOTE 1 A visual representation of the relative risk of
damage and deterioration due to temperature is given
in Figure C.1 alongside the relative energy demand
associated with maintaining a particular temperature.

NOTE 2 More detailed guidance on the material
damage and deterioration and risks associated
with temperature and RH is given in Annex E for
a representative selection of materials found in
collections.

NOTE 3 Further temperature and RH requirements for
limiting climate-induced mechanical damage in organic
hygroscopic materials are given in BS EN 15757,

NOTE 4 Attention is also drawn to Rhyl-Svendsen et al.
(2010).

4.2 Upper limit for temperature

The temperature shall not exceed an upper limit that is
expected to cause unacceptable irreversible chemical or
physical change in collection items, as specified in 3.5.

NOTE 1 Chemical reactions accelerate exponentially
as temperature rises. A practical approximation for
organic materials is that reaction rates double with
each 5 °Crise.

NOTE 2 A temperature on the surface of a collection
item exceeding 30 °C can cause permanent distortion,
change of gloss or melting. Plastics and waxes are
particularly sensitive, others, e.qg. resins, adhesives,
paints and varnishes, less so. Materials such as acrylic
emulsion paints with a glass transition temperature (T )
near or below room temperature can soften at room
temperature. If temperatures exceed 30 °C for long
periods of time, slow creep and flow can occur, leading
to permanent distortion of these materials. The rate of
soiling of these materials also increases in the presence
of airborne pollutants.

4.3 Lower limit for temperature

The temperature shall not fall below a lower limit that
is expected to cause unacceptable physical damage in
collection items, as specified in 3.5.

NOTE 1 The minimum safe temperature for a collection
is 5 °C, to avoid the temperature in parts of the
building falling below 0 °C with consequent freezing of
water pipes and risk of flood damage.

NOTE 2 Very low temperatures are effective in slowing
chemical degradation, and should be maintained for
some types of highly sensitive materials. However,
below -30 °C, hygroscopic materials equilibrated to a
moderate RH at room temperature can be damaged by
the formation of ice crystals. Some materials embrittle
below their T, thus increasing the risk of other physical
damage caused by movement or shock.
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4.4 Rate of change of temperature

The temperature shall not change at a rate that is
expected to cause unacceptable irreversible chemical or
physical change in collection items, as specified in 3.5.

NOTE 1 If the surface temperature of a collection item
changes over a period shorter than its thermal response
time, an internal temperature gradient occurs, causing
internal stress. Brittle materials (such as ceramics

and glass) that have sustained sudden temperature
changes can show resulting visible damage. This
applies especially to collection items such as mirrors or
enamelware, where ceramic or glass is combined with
metal or organic layers.

NOTE 2 The thermal response time of collection items
varies from minutes to hours, depending on thickness
and type of constituent materials. If major temperature
changes are necessary for operational reasons, such

as seasonal energy savings, the period of adjustment
should be spread over a period several times longer
than the slowest response time of collection items.

4.5 Linkage of temperature to relative
humidity control

4.5.1 Given the linked effects of temperature and RH
on the chemical stability of many collection items, a
statement shall be documented detailing how the
permissible upper limit for temperature has been set in
conjunction with the permissible limits for RH specified
in 3.5.

NOTE 1 A useful approximation is that the RH will

rise 3% for each degree fall in temperature. However,
where temperature and RH are independently
controlled by mechanical means or by humidity
buffering, there will be no relationship between them.

NOTE 2 Since 65% RH is a precautionary limit for mould
germination, it can be estimated that there will be

a risk of mould in a space usually maintained at x%

RH if a drop in temperature reaches (65 - x)/3 °C. For
example, there can be a risk of mould in a room usually
maintained at 50% RH in any part of the room that is

5 °C colder than the average temperature in the main
volume of the space.

NOTE 3 A useful approximation for a space maintained
near 50% RH is that condensation develops on any
surface more than 10 °C colder than the temperature at
which the RH is 50%. Precise calculations can be made
using a standard psychrometric chart.

NOTE 4 Further requirements and guidance on setting
limits for RH are given in Clause 5, Annex D, Michalski
(2000), Michalski (2002) and Michalski (2009).
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4.5.2 Given the variation in RH caused by a variation
in temperature within a collection space, the variation
in temperature between any part of the collection
and the average temperature in the main volume of
the collection space shall not be such as to result in
unacceptable RH, as specified in 3.5. In particular, the
temperature within areas of a collection space shall not
be so high as to cause unacceptable physical damage
due to low RH, or so low as to result in RH conditions
that allow either condensation or mould germination
to occur.

NOTE The usual cause of large temperature variations
within a collection space is the location of collection
items adjacent to an exterior wall or floor without
sufficient space for air circulation, or location close to
heaters, air conditioning equipment or air vents, or in
direct sunlight.

4.6 General storage

4.6.1 The temperature for collection items in general
storage shall conform to 4.2 to 4.5.

4.6.2 Collection items shall be stored at ambient
temperatures only if their chemical stability at those
temperatures is acceptable in accordance with 3.5.

Any collection items that would deteriorate rapidly at
ambient temperatures shall be placed in cooled storage
or cold storage.

NOTE 1 Most materials found in collections are
chemically stable and will have an expected lifetime

of centuries at room temperatures below 30 °C but
many plastics, films and acidic papers have an expected
lifetime of only decades at 25 °C.

NOTE 2 Some organic materials can have acceptable
expected lifetimes at 20 °C, but their expected lifetimes
will fall to approximately one-half at 25 °C and one-
quarter at 30 °C.

NOTE 3 The annual average outdoor temperature in
the UK varies from 8.5 °C to 11 °C. Where average
outdoor temperatures are below temperatures
normally maintained for human comfort, general
storage can take advantage of both higher chemical
stability and lower energy demand by operating
below human comfort temperatures, as long as RH
requirements are also met.

NOTE 4 While it is preferable to maintain a stable
annual average by means of design of the collection
space, it is also acceptable to allow slow and gradual
seasonal changes in temperature to improve energy
economy, as long as the environmental specification
of 3.5 is met.
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NOTE 5 To reduce energy demand as well as the risks
associated with malfunction, it is preferable to avoid

or reduce the use of mechanical systems in general
storage, unless these are required to reduce damaging
pollution. This can be achieved within the requirements
of 4.2 to 4.5 by means of building design or other
methods such as use of enclosures.

NOTE 6 Attention is drawn to Padfield et al. (2007).

4.7 Cooled storage and cold storage

The temperature for collection items in cooled storage
and cold storage shall conform to 4.2 to 4.5.

NOTE 1 Special precautions are necessary during
removal and replacement of collection items in cold
storage. Thermal shock can occur. Condensation

can occur on and within a collection item and its
container as it is moved between spaces at different
temperatures.

NOTE 2 Attention is drawn to Padfield (2002).

4.8 Display

The temperature for collection items on display or in
use shall conform to 4.2 to 4.5.

NOTE Where collection items are on open display or
where the environment inside display cases is expected
to be at room temperature, local requirements for
human safety and comfort apply.

4.9 Transit

The temperature for collection items in transit shall
conform to 4.2 to 4.5.

NOTE 1 In transit, risks can arise from short periods
beyond the permitted upper or lower limits of
temperature, rapid fluctuations in temperature, or a
significant variation in temperature from one side of
the collection item to another. Insulated packaging
with some thermal mass within the insulation helps to
protect collection items from these risks.

NOTE 2 Attention is drawn to Richard, Mecklenburg
and Merrill (1991).

4.10 Monitoring

4.10.1 Temperature measurements shall be recorded at
least hourly along with the date, time and location of
the measurements and retained for reference with the
data collected in 3.3.

NOTE 1 The number and distribution of monitoring
points depends on the building and any environmental
control system in use.

NOTE 2 Where possible, especially when reliable
outdoor measurements are not available from other
agencies, the outside temperature should be measured
in perpetual shade and away from the wall.

NOTE 3 More detailed guidance on procedures and
instruments for measuring temperatures of the air and

the surfaces of objects is given in |BS EN 15758.
NOTE 4 Attention is also drawn to Padfield (2007).

4.10.2 Temperature sensors shall be calibrated in

accordance with the manufacturer’s instructions, and a
record kept of the calibration.
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5 Relative humidity
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be damaging to collection items.

Relative humidity (RH) influences the rate of many deterioration mechanisms: chemical,
biological and physical. Changes in RH can also cause deterioration. Given the different
dependencies on RH of these mechanisms, and their differing impact on collection

items, a universally safe RH range and permissible fluctuations for collections cannot be
specified. Attempts to establish a universal safe zone for all collection items by providing
conditions required only by sensitive collection items can result in unsafe conditions for
atypical collections, as well as leading to unjustifiably increased use of energy.

RH is monitored and measured as an indicator of changes in moisture content, which can

5.1 Parameters

The environmental specification in 3.5 shall include
parameters for RH that will enable the expected
collection lifetime to be achieved, taking into account
the materials and structures of collection items and
their sensitivity to RH and changes in RH. These
parameters shall include:

a) the permissible upper limit for RH;

b) the permissible lower limit for RH;

¢) the permissible rate of change for RH; and
d) the permissible fluctuations for RH.

NOTE 1 A visual representation of the relative risk

of damage and deterioration due to RH is given in
Figure D.1 alongside the relative energy demand
associated with maintaining a particular temperature.

NOTE 2 More detailed guidance on the material
damage and deterioration and risks associated
with temperature and RH is given in Annex E for
a representative selection of materials found in
collections.

NOTE 3 Attention is drawn to temperature and RH
requirements for limiting climate-induced mechanical
damage in organic hygroscopic materials given in

BS EN 15754

5.2 Upper limit for relative humidity

5.2.1 RH shall not exceed or remain at an upper limit
that is expected to cause unacceptable irreversible
physical change in collection items composed of
hygroscopic organic materials, as specified in 3.5.

© The British Standards Institution 2012

NOTE 1 Hygroscopic organic materials include wood,
paper, most natural textile fibres, animal glue, gelatine,
most photographic media and most paint media. They
respond to change in RH with changes in dimensions
and mechanical properties. The upper limit in these
cases is relative to the RH at which the collection item
is equilibrated, for example, for a collection item
equilibrated to 20% RH, a rise to 50% RH could be
damaging, while 55% RH would be acceptable for a
collection item equilibrated at 50% RH.

NOTE 2 The response time of collection items to RH
change depends on the materials, but it varies primarily
according to thickness and permeability. Thin (around

1 mm) sheets of organic materials fully exposed to the
air will respond in minutes, whereas uncoated wooden
objects (around 1 cm) or tight paper stacks will take
days, and heavily coated or massive wood weeks or
months to respond.

NOTE 3 Enclosed storage of collection items slows the
response time of a collection item, depending on the
air-tightness and buffering capacity of the enclosure.

NOTE 4 Humidity promotes many forms of chemical
deterioration, particularly hydrolysis but also oxidation
and degradation caused by pollutants. RH should be
kept low to reduce the rate of chemical degradation
but should not fall below 30% unless this has been
specified as acceptable. Lower RH can be beneficial for
some materials and is permissible where there is no risk
of physical damage.

NOTE 5 At 75% RH and above, the dimensional change
due to each 5% rise in RH increases exponentially. See
Note 2 to Annex D.
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5.2.2 RH shall not exceed or remain at an upper limit
at which mould germination is expected to occur, as
specified in 3.5.

NOTE 1 Mould germination and rate of growth are
dependent on RH, temperature, air movement, time,
species of mould and the nutritious quality of the
organic substrate. 65% RH (at 20 °C) is a precautionary
limit, although at lower temperatures mould will take
longer to germinate. To estimate the time taken for
visible growth of mould at higher RH, see Ayerst (1969),
Michalski (1993) and Sedlbauer and Krus (2003).

NOTE 2 Mould is more likely to develop in the presence
of carbohydrates, proteins (such as gelatine and animal
glue) and some waxes and synthetic polymers such

as poly(vinyl acetate). These are found, for example,

on soiled or sized paper and textiles, paintings with
traditional linings and any collection items heavily
soiled by dust.

5.2.3 Collection items composed of inorganic materials
with specific critical RH, such as minerals, archaeological
metals, salt-contaminated metals, some types of glass,
salt-laden stone and stone which contains clay shall be
identified, and RH shall not exceed an upper limit that
is expected to cause unacceptable irreversible change in
such collection items, as specified in 3.5.

NOTE 1 Where such collection items form part of a
mixed collection, it might be necessary to isolate them
from the rest of the collection. Enclosures might need
to be used for such collection items. Further guidance
on enclosures is given in Notes 1 to 3 of 5.6.

NOTE 2 More detailed guidance on the material
damage and deterioration and risks associated
with temperature and RH is given in Annex E for
a representative selection of materials found in
collections.

5.3 Lower limit for relative humidity

RH shall not fall below or remain at a lower limit that
is expected to cause unacceptable irreversible physical
change in collection items, as specified in 3.5.

NOTE 1 Below 30% RH, the risk of physical damage to
most organic materials and some inorganic materials
increases rapidly. Each 5% drop in RH below 30%
causes almost double the dimensional response as a
5% drop when RH is above 30%.

NOTE 2 Most inorganic materials are stable below

25% RH, and for some of these materials low or very
low RH is beneficial, e.g. RH below 18% has been
recommended for corroded iron, and RH well below
50% for copper alloys where active corrosion has been
observed in a collection. Relevant references to support
these observations are given in Annex E.
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NOTE 3 Some hydrophobic materials, such as wax,
may become electrostatically charged at low RH, thus
increasing the risk of soiling.

NOTE 4 Notes 1 to 4 of 5.2.1 also apply.

5.4 Rate of change of relative humidity

RH shall not change at a rate that is expected to cause
unacceptable irreversible physical change in collection
items, as specified in 3.5.

NOTE 1 A rapid change in the RH of a hygroscopic
collection item compared with the collection item’s
response time will cause an internal RH gradient,
which can lead to physical damage. A gradient can be
reduced by lowering both the rate and the extent of
the change.

NOTE 2 Gradients occur primarily within thick, rigid,
uncoated uniform materials. In flexible materials,

e.g. books bound with paper, gradients can cause a
temporary warp. In extreme cases, this can lead to
fracturing. In composite objects containing hygroscopic
organic materials, damage can depend more on the
extent of the change than on the rate of change
(except for very slow change as indicated in Note 2

to 5.2.1). It is important therefore to focus on reducing
the extent rather than the rate of change.

NOTE 3 Any given change in RH will cause less stress
within materials such as wood, paper, animal glue and
oil paints if it occurs over several months rather than a
few days.

NOTE 4 Notes 1 to 5 of 5.2.1 also apply.

5.5 Linkage of relative humidity to
temperature control

Given the linked effects of temperature and RH on the
chemical stability of many collection items, a statement
shall be documented detailing how the permissible
upper limit for RH has been set in conjunction with the
permissible limits for temperature specified in 3.5.

NOTE In cooled storage and cold storage, temperature
exerts a greater influence on the chemical stability of
many materials than RH. RH can therefore be selected
according to physical stability and energy demand
considerations.
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5.6 General storage

The RH for collection items in general storage shall
conform to 5.2 to 5.5.

NOTE 1 The use of well-made display cases can reduce
the need to use mechanical systems.

NOTE 2 The use of airtight packaging and enclosures
can reduce risks from rapid fluctuations in RH. However,
packaging and enclosures that concentrate pollutants
to unsafe levels should not be used (see 7.1 and 7.3).

NOTE 3 The use of anoxic or hypoxic packaging and
enclosures can reduce the rate of oxidative damage,
including photo-activated oxidation. However,
packaging and enclosures that concentrate pollutants
to unsafe levels should not be used (see 7.1 and 7.3),
and checks should be made to ensure that the stored
materials do not change in the enclosed environment.

5.7 Cooled storage and cold storage

5.7.1 RH for collection items in cooled storage and cold
storage shall conform to 5.2 to 5.5.

NOTE Collection items in cooled storage and cold
storage should be stored so that an acceptable level
of moisture content is maintained, for example by
controlling RH and/or through the use of containers.

5.7.2 During retrieval to higher temperatures and prior
to re-entry to cooled storage or cold storage, collection
items shall be kept or placed in airtight containers

or purpose-built acclimatization chambers until
temperature equilibrium is reached.

NOTE Acetate-based film should be placed in
permeable containers that permit slow diffusion

of any internally generated acetic acid (ethanoic

acid). Acetate-based film should only be placed in
impermeable containers if kept at temperatures below
which the rate of internal generation of acetic acid is
slowed to a negligible level. To prevent contamination,
adsorbers can be added to impermeable containers to
remove acetic acid.

5.8 Display

RH for collection items on display or in use shall
conform to 5.2 to 5.5.
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5.9 Transit

RH for collection items in transit shall conform to
5.2 to 5.5.

NOTE 1 In transit, risks can arise from inappropriate
RH. Insulated packaging is critical in achieving RH
requirements reliably.

NOTE 2 Attention is drawn to Richard, Mecklenburg
and Merrill (1991).

5.10 Monitoring

5.10.1 RH measurements shall be recorded at least
hourly, along with the temperature at the RH sensor,
and the date, time and location of the measurements,
and retained for reference with the data collected

in 3.3.

NOTE 1 More detailed guidance on procedures and
instruments for measuring temperatures of the air and

the surfaces of objects is given in |BS EN 15758
NOTE 2 Attention is also drawn to Padfield (2007).

5.10.2 RH sensors shall be calibrated in accordance with

the manufacturer’s instructions, and a record kept of
the calibration.
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6 Light

Lighting is critical to enjoying and enhancing access to collections. However, all sources

of light, whether natural or electric, within a collection space can cause extensive and
irreversible damage to collection materials. These can undergo chemical changes, for
example, inks, dyes and pigments will discolour; or physical changes, for example,
mechanical strength can be lost or glossy materials become matt. Organic materials are
usually more sensitive than inorganic materials. Some materials, however, are only slightly
sensitive to light, and some not at all.

As the wavelength of radiation decreases, the rate of photochemical damage generally
increases. Within the spectrum of visible light, damage increases from red to violet, and
ultraviolet (UV) radiation is yet more damaging than violet light. Radiant heat from light
sources can also cause damage to collections, as it can lead to uneven distribution of heat or
moisture within collection items or produce a desiccating environment. Intensive illumination
can also lead to accumulation of heat and heat-related stress of collection items.

Light and UV radiation damage is cumulative and proportional to exposure. Damage can
be minimized by reducing either the illuminance or the duration of exposure, or both.
We generally see things better in brighter light, so the specification of illuminance is
always a compromise between preserving the collection item and making it clearly visible.

In this PAS, light is used to mean visible radiation. Many light sources emit UV radiation
and infrared (IR) radiation as well as visible radiation and reference will be made to these

forms of radiation as distinct from light.

6.1 Parameters

6.1.1 The environmental specification in 3.5 shall
include parameters for light that will enable the
expected collection lifetime to be achieved, taking

into account the materials of collection items and their
sensitivity to light, UV radiation and IR radiation. These
parameters shall include:

a) the permissible upper limit for light exposure,
taking into account both illuminance and the
duration of light exposure;

b) the permissible upper limit for illuminance; and

¢) the permissible upper limit for the UV to light ratio.

NOTE 1 Guidance on the sensitivity of materials to light

is given in Annex F.

NOTE 2 Consideration should be given to providing

motion-activated lighting for photo-sensitive collection

items and to limiting display of sensitive collection
items, for example through rotation of items.
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NOTE 3 UV radiation is not required for access, so it

can be eliminated, or the UV to light ratio reduced if it
cannot be eliminated. UV radiation can be minimized in
most spaces, even if illuminance cannot be controlled,
by using UV-absorbent filters or films.

NOTE 4 The need for staff and any visitors to see the
collection should be taken into account when setting
parameters for light.

NOTE 5 Unnecessary exposure to light sources should
be minimized.

6.1.2 Measures taken to optimize the energy efficiency
of light systems and identify lower energy light sources
by keeping abreast of technological developments shall
be documented.

NOTE In particular, the most efficient balance to be
achieved between the use of daylight and electric light
should be considered.
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6.1.3 The sensitivity of collection items to light shall be
assessed and documented so that an informed decision
can be made about light exposure limits for these
sensitive collection items, particularly where there is
high demand for access.

NOTE 1 Different specifications might be required for
collection items of differing sensitivity.

NOTE 2 Attention is drawn to Ashley-Smith, Derbyshire
and Pretzel (2002).

6.1.4 In collection spaces where control of lighting

is limited, or determined by other factors such as
authenticity in historic house display, light and UV
radiation measurements shall be used to guide the
selection and placement of collection items so that the
preservation aims of the organization can be achieved.

6.2 Upper limit for light exposure

The cumulative light exposure of collection items shall
not exceed an upper limit that is expected to cause
unacceptable irreversible physical and chemical change
in collection items within a specified period of time, as
specified in 3.5.

NOTE When considering a collection with a range of
sensitivities, it is usually consistent with 6.1.1 to 6.1.2
to determine light exposure on the basis of the most
highly sensitive collection items.

6.3 Upper limit for illuminance

Illuminance shall not exceed an upper limit that is
the minimum acceptable for the visual task and the
viewer for which it is intended, taking into account the

sensitivity of collection items to light, as specified in 3.5.

NOTE 1 50 lux is often adopted as the minimum
acceptable illuminance that is suitable for the average
visitor. This should provide a viewer under the age

of 50 with the ability to see moderate detail in a
moderately light object during a reasonable period of
inspection. 50 lux should not be used as an absolute
value, however, if lower illuminance is acceptable for
particular displays. Good lighting design should use not
only measured lux levels but also a visual assessment,
as the balance of lighting and ambience will affect the
experience of the visitor.

NOTE 2 A higher illuminance is needed for scholarly
study and for conservation work on even light-sensitive
collection items. Guidance on illumination for detailed
work is given in Michalski (1997) and Michalski (2010).
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6.4 Upper limit for the UV to light ratio

The UV to light ratio shall not exceed 75 uW/lumen.

NOTE Filters are available that eliminate all or virtually
all UV radiation.

6.5 Storage

Light exposure, illuminance and the UV to light ratio
limits for collections in general storage, cooled storage
and cold storage, shall conform to 6.2 to 6.4 on the
basis that visual access is not required except for an
identified set of tasks that need to be conducted safely
and effectively.

NOTE 1 Tasks that might be carried out in storage
include retrieval, transportation, replacement, pest
inspection, inventory control and security inspections.
Acceptable illuminance:

a) for retrieval, transportation, replacement, pest
inspection and inventory control should be similar
to standard office lighting,; and

b) for routine security inspections can be estimated
as similar to those required for display, e.g. 50 lux
to 150 lux.

NOTE 2 In order to minimize light exposure, daylight
and electric lighting in storage areas should be
completely excludable, and should be excluded when
tasks are complete.

6.6 Display

Light exposure, illuminance and the UV to light ratio
limits for collections on display, shall conform to 6.2 to
6.4 on the basis that there is a need for effective visual
access by visitors and staff.

6.7 Monitoring

6.7.1 Light exposure and illuminance shall be recorded
at a predetermined number of times a day over

more than one day, both within the collection space
and externally. The date, time and location of the
measurements shall be recorded and retained for
reference with the data collected in 3.3.

NOTE 1 Where a light logger is used, light
measurements should be taken at least every 5 min.
NOTE 2 UV radiation measurements should be recorded
at least once a year for all light sources and to check
the performance of UV filtering film, or whenever a
light source is changed if this occurs more frequently.

6.7.2 Light and UV radiation sensors shall be calibrated

in accordance with the manufacturer’s instructions, and
a record kept of the calibration.

13



PAS 198:2012

7 Pollution

on display or in transit.

This clause covers the identification and mitigation of the effects of pollutants on collection
items and its requirements assume that collection items in storage or on display will remain
in their environment for more than a year. It advocates an evaluate-monitor-mitigate
approach for all collection items affected by or at risk from pollutants, whether in storage,

7.1 Enclosed storage or display

7.1.1 Collection items in storage enclosures or display
cases shall be evaluated to identify materials sensitive
to gaseous pollutants generated within or by the
enclosures or cases.

NOTE 1 Sources of internally generated pollutants are
given in Table G.1.

NOTE 2 Pollutants such as acetic acid (ethanoic acid),
formic acid (methanoic acid), formaldehyde (methanal),
reduced sulfur gases and volatile organic compounds
generally have higher concentrations in enclosures,
compared with the external environment. Known
pollutant-material interactions in enclosed storage
where acetic acid, formic acid or formaldehyde are
present are given in Table G.2.

7.1.2 The materials used to construct enclosures and
display cases shall be evaluated to determine that they
do not emit gaseous pollutants to an extent that would
be expected to cause unacceptable irreversible change
in the contents of the enclosure, as specified in 3.5.

NOTE 1 Indicator tests of enclosure materials can be
carried out using commercially available coupons or
indicator strips. Guidance on testing methods is given
in Green and Thickett (1993) and Strli¢ et al. (2010).

NOTE 2 Examples of known pollutant-material
interactions in enclosures that lead to irreversible
damage are given in Table G.2. There might be other
interactions for which evidence is not yet available.
Pollution-related damage is cumulative and it is not
possible to specify safe pollutant concentrations for
sensitive items, as these depend on exposure time.

NOTE 3 If enclosures are made of or contain materials
that emit pollutants, collection items in such enclosures
should be observed every six months to identify any
pollution-material interactions. If potential interactions
are known to be rapid, e.qg. in the case of reduced
sulfur gases emitted close to silver objects, where
damage can occur within days or even hours, the
observation period should be adjusted accordingly.
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NOTE 4 Many pollutant-material interactions are
promoted by high RH. If RH is below 30%, there

is evidence to suggest that limestone, ceramic and

most metallic collection items, except silver, will not
deteriorate even when pollutants are present at high
concentration. However, silver is known to tarnish in the
presence of reduced sulfur gases at below 30% RH.

NOTE 5 The rate of any chemical reaction increases
with increased temperature provided that other
factors, especially RH, are unchanged. Thus the rate
of pollution-induced damage will increase at higher
temperatures.

NOTE 6 Materials that can emit significant pollutants as
they degrade include cellulose nitrate, cellulose acetate
and poly(vinyl acetate). In such cases, collection items
should be isolated or pollutant concentrations reduced
or eliminated. Further guidance on mitigating the
effects of pollutants is given in 7.5.

NOTE 7 Attention is drawn to Blackshaw and Daniels
(1979) and Pretzel (2011).

7.2 Open storage or open display

7.2.1 Collection items in open storage or on open
display shall be evaluated to identify materials known
to interact with outdoor-generated gaseous pollutants
and dust.

NOTE 1 Pollutants of most concern include ozone,
nitrogen oxides, sulfur dioxide and dust. Guidance on
the effects of these pollutants on particular materials is
given in Table G.3.

NOTE 2 Storage and display areas should be designed
and fitted with materials that do not emit reactive
pollutants.

7.2.2 Published data on local outdoor gaseous pollutant
concentrations shall be examined to determine which
pollutants, if any, to monitor indoors.

NOTE 1 Local pollution data can be found at
http:/luk-air.defra.gov.uk.
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NOTE 2 Since most externally generated pollutants have
fairly constant short-term concentrations, monitoring
only needs to be carried out seasonally.

7.2.3 If an outdoor gaseous pollutant concentration is
high, and sensitive collection items are held on open
display, pollutants shall be monitored indoors to guide
action to mitigate any risks identified.

NOTE Pollution-related damage is cumulative and it is
not possible to specify safe pollutant concentrations for
sensitive collection items, as these depend on exposure
time. However, approximate threshold concentrations
for a number of pollutant-material interactions

are given in Table G.4. These thresholds have been
proposed for some sensitive materials based on
observation during long-term exposure or accelerated
degradation studies.

7.2.4 Collection items in open storage or on open
display shall be evaluated to identify materials sensitive
to damage by dust.

NOTE 1 Dust is present in every building. It can
chemically damage surfaces, for example of metals, and
can cause damage by abrasion. It provides a source of
nutrients for insects, moulds and bacteria.

NOTE 2 Removal of dust can damage materials,
especially historic textiles, if performed incorrectly.
Filtered vacuum cleaners should be used by those with
training in how to use them.

7.2.5 The rate of dust deposition shall be monitored to
guide action to mitigate any risks identified.

NOTE Further guidance on monitoring dust is given in
Levashova and Kobyakova (1997), Ligocki et al. (1990)
and Lloyd, Grossi and Brimblecombe (2011).

7.3 Transit

7.3.1 Collection items in transit shall be evaluated to
identify sensitive items known to interact with gaseous
pollutants.

7.3.2 If collection items sensitive to gaseous pollutants
are to be held in enclosures when in transit, 7.1 shall
apply.

NOTE The total exposure time in transit, together with
the pollutant concentration, should be taken into
account, as damage is dependent on both pollutant
concentration and exposure time.
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7.3.3 Materials selected for the transport of collection
items shall be evaluated to minimize the risk of
pollutant-material interaction.

7.4 Monitoring

7.4.1 Gaseous pollutants specified in 3.5 shall be
monitored in the collection space, including in
enclosures housing sensitive collection items or collection
items in transit, and where pollutant-material damage
is observed.

NOTE Low-cost assessment methods (e.g. metal
coupons, pH paper, colourimetric indicators or
dosimeters) that do not indicate a specific pollutant
but indicate the presence of high pollution levels

can be used to screen environments. If justified,
quantitative pollutant-specific monitoring methods can
then be adopted to identify the chemical nature and
concentration of the pollutants in the enclosure.

7.4.2 The dust deposition rate and airborne
concentration of dust shall be monitored to identify the
sources of dust or check the performance of filters.

NOTE 1 An acceptable level of dust will depend on the
nature of the collection item and its context. Only a
few quantitative standards have been developed for
dust levels. The corrosion rates in BS ISO 11844-1 could
be interpreted to indicate that a chloride deposition
rate below 0.167 mg/m?/day is acceptable.

NOTE 2 Further guidance on dust is given in Adams
(1997), Yoon and Brimblecombe (2000a) and Yoon and
Brimblecombe (2000b).

7.4.3 Pollutant sensors shall be calibrated in accordance
with the manufacturer’s instructions, and a record kept
of the calibration.

7.5 Mitigation

7.5.1 If risks of pollutant-material interaction are

identified or damage is observed in the collection,
collection items shall be removed to a less polluted
environment, or the pollution shall be eliminated.

NOTE 1 It should not be assumed that energy-intensive
systems are required to deal with pollution-related risks
without full investigation of all available options.

NOTE 2 An option to reduce the pollutant content of
a display case is to construct the case with active or
passive venting.
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NOTE 3 Where internally generated pollution is
unavoidable, the air exchange rate (AER) of an
enclosure should ideally be high enough to reduce the
internal concentration of pollutants to a safe level,
but not so high as to prevent effective control of the
internal RH or allow the entry of externally generated
pollutants or dust. Unfortunately, in many instances
both are not possible and one will have to be given
priority based on a risk assessment for the collection
items, or alternatively, measures such as absorbents or
mechanical RH control should be used.

NOTE 4 Air filtration is ineffective in reducing the
accumulation of coarse dust. Guidance on coarse dust
mitigation strategies is given in Lloyd et al. (2002).
These include, for example:

e keeping visitors away from vulnerable collection
items: the coarse dust deposition rate approximately
halves for every metre a collection item is away from
a tour route;

e keeping tour routes straight reduces dust deposition;

e frequent cleaning of tour routes reduces dust
deposition on items;

e screening: a 1.5 m high dust-impermeable screen
reduces dust deposition beyond it; and

e use of enclosures: the dust deposition rate inside a
display case decreases as the AER falls.

NOTE 5 Further guidance on pollutants in collection
environments is given in Grzywacz (2006), Hatchfield
(2002), Nazaroff and Cass (1991) and Tétreault (2003a).

7.5.2 Pollutant absorbers shall be replaced when
measurements taken at predetermined intervals show
that they are exhausted.

NOTE In addition to the use of pollutant adsorbers,
indoor pollution emission from materials can also be
reduced by the application of barrier materials and/or
protective coatings or lacquers.

7.5.3 Paint, varnishes and coatings that do not emit
volatile organic compounds shall be used in the vicinity
of collection items whether in storage, on display or

in transit.

NOTE 1 Paints, varnishes and sealants can emit
pollutants at high concentrations while maturing after
application. Collection items should not be brought
near maturing coatings until emissions have fallen
below the thresholds given in Table G.4. Emission can
continue for years after application, especially in a well-
sealed low-air exchange enclosure.

NOTE 2 Gum, gelatine, casein and silicate bound paints
can be used for brickwork, masonry and concrete.
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Annex A (informative)
Energy economy

A.1 General

This annex is intended to clarify the relationship
between energy economy and environmental
specifications for cultural collections, with the aim of
promoting an energy-efficient approach to collections
management.

Air brought into a collection space might require
conditioning, i.e. heating, cooling, humidification

or dehumidification, in order to achieve the
environmental specification for the collection, as well
as to ensure the comfort of staff and visitors. Meeting
these sometimes conflicting requirements can be
energy-intensive.

A.2 Principles

The following principles should be adopted to achieve
energy economy.

a) The requirements of the collection should be
defined before decisions are made on the use of air
conditioning systems.

b) Temperature and RH should be specified to allow
gradual change on an annual cycle.

¢) If new building or renovation is planned, it should
not be assumed that energy-intensive systems are
required without full investigation of all available
options, for example, the use of microclimates for
sensitive collection items.

NOTE Attention is drawn to Hong et al. (2011) and

Padfield et al. (2007).

A.3 Implications of setting a narrow
temperature and RH range

Meeting a tight specification (within =3 °C for
temperature and below £5% RH) might require a full
air conditioning system. Operating such a system is
energy-intensive, particularly if adjoining collection
spaces have conflicting requirements.

A.4 Implications of using a constant
set point

Achieving a constant set point for temperature and
RH will require energy use in both winter and summer

18

when the outdoor conditions are different from the
required constant set point. Energy is needed to change
the temperature and adjust RH.

A.5 Energy-efficient environmental
specification for storage

The most economical environmental specification is

to allow the indoor temperature to follow ambient
conditions. These conditions can and should be
moderated by the thermal inertia of the building,
enhanced by features such as the use of hygroscopic
buffering materials, controlled air exchange and sealed
display cases. The annual average indoor temperature
will be near to the outdoor annual average. In practice
it is possible to keep the annual variation within

+10 °C, although given that it is difficult to eliminate
leaks, some dehumidification might be necessary in
summer months. Achieving a low air exchange rate
(AER) reduces energy use further by reducing the
dehumidification load.

A.6 Energy use in cooled storage and
cold storage

In cooled storage and cold storage, the temperature

is nearly always below the ambient. The energy
consumption is proportional to the difference

between the cooled or cold storage and the ambient
temperature. Since the AER is slow, the energy demand
made by humidity control equipment will be low.

A.7 Energy for lighting

Both incandescent and fluorescent light sources are
energy-intensive in comparison to compact source
light emitting diodes (LEDs), which are more energy
efficient and now widely used in collection spaces for
storage and display. Making the most effective use of
the generated light to illuminate collection items on
display is an important means of saving energy while
controlling the environmental conditions. The benefits
of daylight, appropriately managed by means of blinds
and filters, should also be considered.
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Annex B (informative)
Interactions between agents of deterioration

Examples of known interactions between the agents of deterioration covered in this PAS are shown in Table B.1.

Table B.1 - Examples of interactions between agents of deterioration

Temperature e Some materials react differently to the same temperature at different levels of RH,
and RH and vice versa, e.g. most hygroscopic materials.
Temperature e Light energy will cause the surface temperature of collection items to rise. Some

and light light-induced changes occur more rapidly at high temperatures.

Even in a moderately illuminated showcase, the surface temperature can rise 2 °C
above the ambient. This in turn lowers the RH about 6% in the boundary layer next
to the collection item’s surface, leading to movement of moisture.

Direct sunlight, even through a glass window, can raise the surface temperature of a
dark collection item over 60 °C, causing a very low surface RH.

Short periods of high temperature are often caused by direct sunlight or intense
incandescent lighting, for example during filming. Some light-induced changes occur
more rapidly at high temperatures.

Temperature e Internally generated pollution increases with rising temperature because of an
and pollution increased rate of decay of materials and diffusion of gases to the surface of materials.
RH and light ¢ High RH increases the speed of photo-activated degradation reactions in paper and

many other materials.

RH and pollution RH increases the absorption of pollutants. High RH causes the water content of
hydrophilic materials to increase and this facilitates absorption of most pollutants

by such materials.

High RH causes deliquescence of water-soluble salts, which are common contaminants
of collection materials. The aqueous medium allows ionization of absorbed gases,
enabling them to react.

e Low RH facilitates transfer of dust by electrostatic force, such as that caused by
cleaning glass and plastic.

© The British Standards Institution 2012 19



PAS 198:2012

— J. G MOJaq 19
‘sadid 01 abewep 1504} 4O Sy

aA13Ndax3 A1ajes
> pue yyeaH N Aq pasiape
$9e|d)J0M 10} HWI| WNWIUIA

« —> (@ SIn1esadway

}0jWwod uewny 4o abuey ESTEYEIEN

uwnNINe-J3WWNS Ul puewsap
ABJaua adnpau ||Im abuel
SIY} Ul 3411p 01 dunjesadwal
Joj ujod 13s ayy buimo||y

Bulids-123uIm ul puewap
ABJaua adnpau ||im abuel
SIY} Ul 3411p 01 aunjesadwal (s SUOI1RISPISUOD
Joj ujod 13s ayy buimo||y ABiaug

 (S|els1ew sjgeisun
Ajjearwayd) Ayiaiisuas ybiH

« AMAIISUDS 91e19pON

o Aupgess
«« fHAISUSS MO [ed1way>

D, aimesadwal si0)dey sty

9J4njesadwal 0} SNP UOIILIOLIBIBP pue abewep 40 sl dAIRe[RY — L") 4nbi4

‘aunjesadwal Jejndiped e Buiueluiew YyHm pajerdosse
puewsap ABiaua anize|as ayl apisbuoje | 2inbi4 ul USAID sI ainjeiadwal 0} NP UOILIOIISISP pue abewep 40O YSIJ dAIIe[] dY3 O uolleIudsaldal [ensIA v

ainjesadwa) 0} anp uOoI}eIOLIDYBP pue abewep JO dsu dAIR|DY
(9A11BWIOLUI) D XBUUY

© The British Standards Institution 2012

20



PAS 198:2012

"abueys | e 0] anp JUBWIIIIGS dsned ued sainjesadwa) MoT b JLON

'Swayl 4o A1i0few 30946 9y} 03 PaLINII0 Ssey S3INdely [[ews M4 e puoAaq abewep 3qisiA OU 1ey3 SI snsudsuod 3y *|0J3u0I 1sad ainyeladwal Moj JO asn dy3
buimojjo4 10 $3143UN03 PJOI UJ SUOI}ID||0d Ul D, OE— O3 9NSOdXd bULIND PIAISSGO UG dABY SWaS}l UOJIIS[|0I S3Je dA13el039p pue djydeibouyls Aueyy € ILON

‘ade} di3subew wo.y spuedriqn|

40 40 son3sejd wo.uy siszijise|d Jo uornelbiw se yons sased [eidads may e ul 3dadxa ‘aunjesadwal moj jo sporiad buoj pue rioys usamiaq abewep jedrsAyd

40y [e1puaiod 8y} Ul 9IUaJd44IP OU S| 913y} ‘(SUOIIIDJ|0d }SOW JO4 SINOY O} SINUIW) SUOASI. [ewIdy] 404 JUBIDIINS SI a4nsodxa Jo poriad ay3 4/ Z ILON

"9SI1 D, § Y281 Y1IM 3]qnop sajel

uodeal jeyy si sjerisew djuebio ajqels Ajayesspow 1oy uoipewixosdde jexpderd v sasi ainjeiadway se Ajjerusuodxa 21e49(ade suoipdead [ediwayd | 310N

‘uonenen |eiodwsal pue |eipeds 4o suoleldadxa uo paseq Hwi| Jomo| Areuoiinedaud e s| Wil D, G e 0S
213 ‘sadid uazouy ‘@in3dnuys Buip|ing sy} 01 abewep 15044 JO sl Buisealdul ue si 31ay3 ‘D, 0 MO|ag "9buel LIOJWOd uewNY 3Y3 SPISINO SUOIIPUOd Ul dde|d el
1eY3 SUOILQIYXD JO4 JWI| JOMO]| OU S| 3Jay] “(ed1sAyd si SJOM 3U3 4O UYdNW 4l Do €1) Do 91 SI MN Y3 Ul 9de|d3ji0M B3 Ul uo;3edNndd0 UBwWNY J04 W[ JSMO| 3Y3
9IYMm D, GZ PUB D, 81 UaMISQ S| 9bueJ LoJWod uewny ay] ‘uostedwod jo sasodind ay3 Joj papnpul aJe sainiesadwal 9duUia4al :s9inlesadwa) 92U}y (o
‘puewsap 1aybiy sbueio ayy pue puewap Jamo| bunedipul an|q ybi| oyl yum ‘puewsp Abisus syy moys sabues asay3 :suollesapisuod Abisaug
‘w1 ‘sonseld "6 o ‘aunyesadwal Aq padaye Ajybiy sared uoipess Yyum sjersarew (ALAILISUSS YBiH ¢
uaded "6°9 ‘aunyesadwal Aq paldayje Aj91elapow s91el UOIdea) YUM s|elialew :ALAILISUSS 91BISPOIN (¢
'sse|b ‘d1welad "6 ‘ainiesadwal Aq paldayse $s9| Sa1eJ UOIedI YUM s|eliarew (ALAISUSS MOT
‘paJ 03 an|g wou} uonepelb syl Ag paredipul ‘salel uollepelbap pajelajadde o) buipes| sainyesadwal Jaybiy moys sabuel asay) :A1ljigels [edrway)

Aoy

(panuiauo3) ainjeladwal 0} NP UOIILIOIIDIDP pue dbewep 4O ysi4 dAIIe|9Y — L) a4nbi4

21

© The British Standards Institution 2012



PAS 198:2012

uwnine
-Jawwins Ul uoEdIPIWNYIP
Joj puewsap ABisua pasnpay

Burids-123uIm Ul UoIIRDIIPILINY
10} puewsap ABisua pasnpay

( SUOI1RIBPISUOD
ABiau3z

Yimolb pjnow o sty

poom ‘6
~m_m_._wu.mE QUWOS Ul s9sealdap
Aujigess ‘0L ar0qy

J. 0238
uoleujwiab pinow 40 ysiy

(o PINOW JO sty

% Aupluny sanejay

buipueysiw Aq Ajurew sbewep
JO s ay3 buisea.nur ‘d|qixa4 ss)
2W0d3q ued sjeuslew diuebio

abewep |ediueydaW

ploae 03 swa}l 21dodsoibAy
pauleJ1suod uou ‘aysodwod
uou jsow Joj abuel ajes

« Apgess
|estueydsn

« SISAjoapAy 01 Aunnisuss mo

%0€ MO[3q AMpiwny aAne|.
WOJ4 J142US( |[IM ‘s|eIaW Sse
yons ‘sjeuazew diuebiour swos

« SIsAjoapAy
01 AJIAIISUSS WP

@ S1skjoapAy 01 Auanisuas ybiH

o Aupigess jedtwayd

si0)dey sty

Aylpiwiny aAi3e|24 0} NP UOIILIOIIDISP pue abewep Jo ysii dAIRR|Y — L*g dInbi4

"ainjesadwal Jendiued e Buiuleluiew Yum paleidosse

puewsap ABiaua anize|al ayl apisbuoje |*g 2inbi4 ui UsAIb si Ayipiwiny aAI3e|94 0} SNP UOIIRIOIISIDP pue sbewep JO 3S1d dAIR|DJ DY} JO dAIRIUSSAIdDI [BNSIA W

A)Mipiwny aAIjejal 0} anp uoileloLd}ap pue abewep Jo YSii dANR|DY
(SA11BWIOLUI) @ XBuuy

© The British Standards Institution 2012

22



PAS 198:2012

"(6002) Ps|ey2in 03 umedp sj uonusY € 310N

"SI} [BIIASS S1ed JIdY] 9Sea.dul

UOJS0.I0D [B13W O SW.IOY [V "9[3202 Jusuew.ad buisned ‘sujedys bulinidejnuew asesfal oy uibaq juswydied pue iaded uayi1aboi ya11s o1 sydesbojoyd

pue payoelap awoi3q 01 sajjquiasse panib buisned ‘jelialew yeam Ay213s e o3 jersrew buoais ybnoy e wouy sbueyd oy suibaq siafe| sbewy d1ydesbojoyd
pue azis uaded ‘sanib jewiue ‘sjdwexa 10y ‘Ul duIle|aD ‘HY Mo 4o spoliad burinp ainjdel) 01 A1A1Isuas 4a1ealdb buisned ‘uoissaidwod 9|qISI9ASIII 194NS

03 uibaq ‘poom Ajjenadss ‘siafe| paureiisay Ajjeiausuodxa sasealdul HY Ul Sl %G yaea 03 anp abueyd jeuoisuswip ayl ‘anoqe pue HY %S/ 1 Z ILON
'SUOIIBNIdNJY JBJ[eWS YIIM D1NJdel) Ued SWdll Uoi1Ia[|0d pabe awos oS ‘abe y1im uayeam sjelialew awos pue ‘sapsodwod 1591 ueyl 91n3dNJ3s 119y}l

ul 9A12/SUSS S40W dJe SWd}I UOIIIS|0I dWOS "SIake] oyl JO U0 Ul uoIssadwod 4O UOISUd] J3Y31d 01 anp ainjdel) 1o piaiA yseoidde o) papaau sI uoirenidnyy HyY
%G LF 1se9] 1e 1ey s3sabbns (aurrejab pue ossab “‘quied j10 ‘poom "6°3) sjelidrew jeuojpipedy 4o sazisodwod 1593 Jeujwel 3jdwis uo Y>1easal ualind | 3LON

‘puewsap 1aybiy sbuelo ay) pue puewap Jamo| bunesipul an|q ybi| oyl yum ‘puewsp Abisaus syy moys sabues asayy :suollesapisuod Abisug
"Juspuadap ainjesadwal os|e aue Ywmolub pue uoljeulwsab pjnow 1eyl osje 910N ‘sawlil uoeulwsab uaise) pue yimolb pjnow 4o 3su buiseaudul sayedipul
K16 Ja>1ep 01 UonepeIb 3Y] "D, 07 18 Uoieulwisb pjnow ploAe 01 HY %G9 40 Hwi| Joddn Aseuoninedaud e a1edipul A3u6 Ul UMOYS SeaJe aY) :pjNoW 4O 3iSIY
'saseaJdap Alljigels |esiueydsw ‘poom ‘69 s|elia1ew awos 104 ‘HY %0/ dA0ge eale syl U] ‘uollepelbap |ed1wayd Jo 91kl padnpal syl 91dsap paseasdul s|

Buijpueysiw Aq sjeiarew diuebio o1 abewep 4o sl 9Yl ‘HY %0E MO|aq eaJe ay3 u| UaMo| sl dbewep |ed1sAyd 4o 3s1d 8yl Yd1ym uiyiim abueu sy sa1edipul

uaaib ul umoys ealse syl 9jIym 4aybiy si sbewep |eaisAyd Jo 3su dYL Yd1ym ulyim sabueds ayi saxedipul Mo|[aA ul umoys eale ayy :A11jIgels [edIueYIDIN (
‘w14 191s94|od

Jaded beu *6°9 ‘ureyd sswAjod ayi uiyim sdnoub |esrwayd aAIsuas-sisA|oipAy Jo aduasaid mo| A|anire|al e yum sjelsalew :siskjoapAy o1 ALia1suss moT ,
‘ssaded djnd poom awos ‘63

‘ureyd sawAjod ay1 uiyum sdnoub |es1wayd aAILIsus-sisAjoipAy Jo 9duasaid a1esapow A|9A11e|aa B YiIM s|elsalew :SIsAjoapAy 01 ALIAILISUSS 91RISPOIA (
‘w1 91e19de 3so|n||9d ‘uonnjjod Aq paiyipide Ajsnoinaud sa11xa)

pue Jayies| 63 ‘ureyd sswAjod ayy uiyum sdnoub |es1wsyd aAIlsuas-sisAjoipAy Jo aduasaid ybiy Ajaane|as e yim sjersslew :siskjoapAy oy Avanisuss ybiH
‘paJ 01 uaaub

wouj uolepelsb ayy Aq paiedipul ‘sayes uoliepelbap |ed1WBYd PIdNpPUl-aINISIoW palesa|adde o) buipea| HY Jaybiy moys sabues asay) :A1ljigels [estwayd

Aoy

(panujauo3) A}ipIWNy SAI3R|S] O} SNP UOIILIO1IDIDP pue dbewep 4o ysid dAIe|aY — |°g 24nbi4

23

© The British Standards Institution 2012



PAS 198:2012

(7002) SIMa7 pue uosuly e
(z861) 9soobun)
(7002) B¥PIYL

"W} UOI3I3|[0D JO ssO| 933|dwod
JO uojjeWIOLU] [B216IN||RISW JO SSOT o

‘Bupje|} a|eds-||ews pue adepins
J0 Bupispmod :(%0€ MO|3q) HY MOT e

"910) |e3dW Bulujewss Aue Jo UOISOII0D

91 :(%0G MO|S]) HY WNIP3IAl
‘(Juspuadap-auniesadwal)
uoneulwe|dap (%0 dA0ge) HY YBIH o

uou|
|ea1bojoseydiy

(0661) 11015
(0107) souexsjadeded

(€961) uebio

9dU3pINg

"wayl
U0I323]|0 }JO sso| 933|dwod 03 buipey|
‘Appinb uaddey ued abueyd |eluale| o

"3seasip azuolq pue buiispmod
asned ued (905 3noge) HY YBIH e

uone.ioid)}ap pue abeweq

Kojje yaddod
|ed1bojoaeyduy

|eualen

Apiwny aAize|aJ pue ainjesadwa) YHM PaleIdOSSe SySl pue Uuol}elolialap pue abewep |elidley — '3 d|qeL

"W} UOIIDD|[0D B 4O AM|IGeISUINA S} 9SEIDU| OS|e UBD YIOM UOIIBAIDSUOD snoiaald pue sijedas d1103sIH ‘syusuodwod

|ENPIAIPUL JIBY3 JO WINS 9y} Uy} Jduuew xa|dwod ajow e uj dAeyaq spa[qo arsodwod ‘aiowiayiing ‘spoliad 1oys Jano HY buizenidon|y Aq pa1dae 3sow uayo
aJe s39[qo asay] ‘spolsad Buo| JSAO SUOIFIPUOD |BIUSWUOIIAUD BulAien pue 9sI9Ape JO 3 NSaJ e Sse U310 ‘Bwl} YM uolepelbap pue abueyd 03 9|qetau|na

S1 S9JNIDNJLS BSIDAIP 9SAYY U] JUBWI|D YdBJ "S|elJdIeW JUDIDHIP 4O JAqUINU B SBUIqWIOd 1By} 3INIdNJIS B YHM $313[qo 211sodwod ale swall uoilda|od Auelp

‘paJinbal s 92UBpPIAG JBYLINY JBYY JB3|D S| 3 JDADMOY ‘Seale SWOS Ul 2IUdPINd
[eaidwa paysijgnd jo Apoq Buiisixa ue s3193]42J S1Y} ‘939]dwod 30w Je S91JIUD AIYAA "SI9Y0 uey} 919|dWod 2J10W dJe SI1J3UD dWOS 1.y} pazjubodal si 3

‘Aydesbol|qiq ay3 ul USAID aJe yd1ym Jo s[1e3ap ‘suojzedijgnd ydJeasas paduaiajal WOy 9USPIAS UO pPaseq ale paglidsap SysiJ pue uollelolalap pue abewep sy

"SUOI1D3|[0d Ul PUNOJ S|elJd1BW JO UOIIDS|S
aAIleUSSaIdal e 1oy |3 9|gel Ul UdAIB I (HY) AMpiwny aAlze|a) pue ainjeladwal Yiim pajeIdosse sysid 9yl pue Uollelolialap pue abewep ayj uo asueping

Aipiwny aAnejal
pue ainjeiadwa) Y}IMm pajeidosse Sy sii pue uoijeloldlap pue abewep |el1d)e\
(SA13RWIO4UI) T XDdUUY

© The British Standards Institution 2012

24



PAS 198:2012

SUOI}PUOD-|EIUSWUOIIAUD
pin-bio°Ais|ebjeuoieummm

:woJy 3|gejieae s| ‘N Aisjjen

|jeuonieN ayl Aq paJinbai sislsweled
|EIUSWUOIIAUD D1129dS 9y} pue ‘sjelalew
|euollipedsy jo apew sbuipuied [ases 1o}
SUOI}PUOD UO dduUepIND pa|ieIap IO\

(9861) uoswoyy
(€661) sispunes

‘juied jo sso| pue buiuiels

ul Bbuiynsau ‘3uoddns 4o s3sodwod
juted ay3 sypee Yydiym ‘ymmolb
p|now ui 3nsaJ ued :HY ybiy pauieisns

‘an|eA disulsul pue A11633Ul [BNSIA JO SSO|
pajeosse yym jujed Jo sso| pue (buiely)
a1sodwod juled ay3 jo uolreuiwe|ap
‘(Bupjpesd) ainidni yuled pajeldosse
‘(suoissaidap ‘sab|ng) sUoILI0ISIP SNOLISS
0} Buipes| a3isodwod paulesisal Y3 ul
s1a/e| sy} 40 UOIIdEIIUOD JO Uoisuedxd
[e13uaJaip 01 anp suoddns seaued

uo sbuipuied o) sbewep |ediueydsw
94935 0} ped| ued :HY Bunendnyy

‘'sabueyd |euoisusawip arepowwodde
jouued (siiedas pjo Jo uied "6°9)
S|elJ91ew pPaleIdosse 3I3YM POOM JO
JuswaAowW 03 anp spoddns poom
uo sbujjuied o3 sbewep |ediueydaw
9J9A3S 0} pea| ued :HY Bunenydni4

"an|eA disuliiul
pue A111691ul |BNSIA JO SSO| Pa1eID0SSe ue
yam ‘quied Jo sso| 919|dwod 4o buje|y
‘adeyuns juied syl 4o uondnusip 01 spea|
Buidpesd Jo wioy ayl ul sainjesadwal
MO| 0} 9suodsal :2injesadwal Mo e

‘HY MO|

e uey} 1a[qo a11sodwod e 03 Asi4 ss9| 9q
0} PaJapIsuod s| HY Jaybiy Aj3ualsisuod
V (%09 01 %St "6°9) [9A9] Mo] Jo ybiy
K|aA13e|a4 e 38 HY 3|geis e ueyy s
J931e216 e paiapisuod si HY bunirenidn|4
‘(s19he| qured uiynm

40 seaued pue juled "6°9) siahe| usamiaq
uoljeledss 03 buipes| ‘sayesisgns

SeAUBD pue pooMm pue syusuodwod
93sodwod juied 4O UOIDLIIUOD

pue uoisuedx3 :HY bunenidn|4

“pesd 01 A9y

9J0W puUe 3|gIX3]} SSB| dBW0d3q O} SWijl} |10

asned ued ‘asuodsal |ewayy 40} ybnous

Bbuo| p|ay D, § Mo|aq sainjesadwsal

1ey} sa1edipul 3 ‘919|dwodul S| 9dU3PIAS

Y3 9|IYAA "33y} Joealb e asod

510331 ued sainjesadwal Mo

119Y1 MO|3q 9|3}H4g dw0daq (Ysiuea

pue juied ‘siafe| uonnesedaid ‘azis

:buimo||o} ay3 o ||e 40 swos Buisludwod)
s911sodwod juied |10 :@unjesadwa) Mo e

$93e435QNs 19Y10
10 seaued ‘poom
uo ‘esadwa) bba
10 e|paw paxiw
4spuiq [0 yim
SYJoM apn/jaul
pue s1afgo
91/1s0dwod

aJe sbunured
|9ses apew
Aljeuonipely
s|elsarew
|euoniipely
:sbunpured |ase3

(9661) £A3ieQ pue shng

‘W33l UOI133[|0d JO SSO| |e10] JO |ellied e

(panuiauo3) AMpiwiny dA13e[DJ pue ainjesadwal YIMm paleldosse sysid pue uolielolalap pue abewep [eldle| — L3 3|qeL

"9de4Ins wody buijely pue buspeld
‘syusuodwod [eldw wody Aeme abeduliys
asned ued :(%0f MO|3q) HY MO

"90e4Ins
Jo uondnusip 10 Juswainbiysip buisned
'935310[443 [|IM 1BU) S}|ES UIRIUOD ued
solweudd [ecibojoaeydie :HY Bunendnyy

"s|elia}ew SAIHSUS
-AyIplwiny Jay3o Jo [e}awW Sulejuod Wall
UOI}29]|02 }I UOISOJII0D dSNed ued :HY YBIH e

solwelad

uolnjeiolialep pue w@mEmD E

25

© The British Standards Institution 2012


http://www.nationalgallery.org.uk/environmental-conditions

PAS 198:2012

(9661) uehy

‘uoljelolialap

|edlWwayd 93ela|920e ued :HY YbiH
"90BJJI91Ul [dWeud/|esw ay3 1e bupped
pue Buijzzid asned ued :HY Bunenydni4
‘|]sweus 0} abewep pue uojjeulwe|dp
Bbuisned 1ake| |oweus Japun 3poJi0d

0} |B}dW dSNED pue UOI1eIoLIdIBP

(z961) |1149 'SWS1l UOI123]|0d JO SSO| |B10} O |BlHIed e |edIWaYd 91eu3|930e ued :HY YbBIH s|pweuy
J00d s1 uoisaype juled 41 a1euiwe|sp
ued pJeoq uo siahe| wuied "HY Jaybiy 1e
[|]9Ms ued suoisinwa dijAie :HY 19YbBIH o
‘P3JBMO| SI HY pue jule1sal Japun play 4l
9JN1OeJ) IO Jed] UBD S|elialew (HY J9MOoT e
‘Bupeyy
poom io
pue Buppesd pajerdosse pue yoddns
2yl wouy s1ahe| elpaw Jo uoneiedas seaue> bujpnpul
4 ¥ : : syuoddns pibLi 1o
01 Buipes)| ‘spieoqpiey pue poom ,
J1qey ‘sajelisqns
se yons sypoddns pibiJ 40 UOIdEIIUOD
ue uojsuedxs :HY bunenpniy « snowreA o
P : ’ : ‘(31€1908)
‘saunjesadwal ybuy 1e syuied JAuirfjod Jo
awos 4o burusyjos :ainjesadwal YbIH e sijhne 65 “suisa.
peud o1 ase Aayy Aoy 2139Y3UAs pue

(8007) uebeH pue bunoj
(£002) BanquaPPIIN
(¥002) "|e 3@ Disuo|ger
(#007) Asudpey

(panuiauo3) AMpiwiny dA1le[DJ pue ainjesadwal YIM pPaleldosse sysid pue uoijelolalap pue abewep |eldle| — L3 3|qeL

"sadeyJns juled

}O UOIMO3SIP pue Yyiwmolb pjnow “Jured

JO seaue Jo sso| ‘poddns jo uoisuedxa

Jo 3be3ulIYs JUSW1IqUIS ‘UOII0ISIP

‘sypeud Jo uonowoud ay3 sspnpdul Iy L

'sbunpuied uispow o3 A|dde osje Aijus
snoinaad ay3 ul paisl| sysl 3y} Jo Auep e

2Jow 3y} ‘aunjesadwal ay3y JOMO| By}
:SUOI}IPUOD 3S3Y3 Ul PASSaI)s dJe s|eriajew
9y} 41 4n220 [IM 3unydny "3|qIX3|4 SSI|
awodaq 03 sidahe| quied d>13ayjuhs asned
[[!M ‘asuodsal [ewlay) 1o} ybnous
buo| p|ay D, § Mmo|aq sainiesadwal
("L 41943 mojaq a1a1g

awo023q Ay} aduls) sainyesadwal Mo|
1e Bbuypesd o1 9|qi1dadsns aq 01 umouy)
aJe (suols|nwa d1jA1de ‘suisas d1jhioe
‘6°9) suisas o139y uAs :aanjesadwal mo

uone.iolid)}ap pue abeweq

esadwa) 6ba
‘elpaw paxiw
Jspuiq [10 yim
syJom apnjdul
pue sppafqo
a1/sodwod aJe
sbunujied jases
(Aunjuad-3s|z pue
yi0z) usspopy
s|elJajew usspow
:sbunpured |ase3

|eualen

© The British Standards Institution 2012

26



PAS 198:2012

(S002) Wiy

(0002) WIBY|IAN PUB 11BYPOOD-XDIWIODIA
(£007) eaeyeqlys pue olowiey

(0002) 1V pue Jouns ‘[|IH

"an|eA dIsulJiul
}O SSO| pajeldosse ue pue ‘abewl Jo ssO|

"(s9Ap awos 404 D, 81 01D, 91)
saJnjesadwal abelane 1e 9,09 e Hliys e
‘uoneibiw 3Ap ‘HY %09 aroqge ‘HY YbIH

‘14oddns Jaded
Jo Buimo||aA pue uieb Ayisusp HY %05
1e :(D, G€ anoqe) aimesadwal ybiH

‘uoneJbiw
9fp :(D, 57 anoqge) aimesadwal ybiH

'9|qels aJe syul [enbip 1sow ‘(9,09 Mo|aq
SI HY 1) Do 0€ 03 D, 0T 1€ :2imesadwa) o
"WYY} U93MISQ UOIDeISIUI BY) pue
‘paseqg-yul Jo paseq-akp ‘68 “jul ay3 jo
uolsodwod ay3 ‘(1aded Ajjensn) ayesysqns

(S002) wouspul] pue Jaubng ‘Ayijenb abew |eybip Jo abueyd [enpein e 9y} uo spuadap abueyd JO JUIX3 Y] e Jul [eybip |
‘Buppesd
(9661) uehy pue bulAip pazi|ed0| asned ued :HY MOoT e
(8007) 49bulyp|oD-DPIUNY “bunpen
(9002) qooy 'sse|b |edibojoseydie [enjuana 03 Buipes)| ‘axeyns ayy 1e
(£002) uosineq Ajrejnonied ‘Buield :HY Mo e | Buidoam suijeyje pue Buidaam ‘Buljzziid
(sz61) 11149 "Swiall :sse|b 9|geisun JO UOIILIOLIDIBP |EDIWAYD
(z/61) 11149 | UOI13I3]|0D JO SSO| |B1O} IO |elled :HY YBIH « | 9sned ued suoiyipuod buirenidnjy :HY YOIH e sse|n
's19zpnse|d
Jo Buiydes| ‘63 ‘UoI}LIOIIDIBP |edIWBYD
asned ued pue Wi} 1e}dE pue d3elu
‘abewl Jno|od 4o Aedap |ed1WaYd Jo
91kl 9y} 91eI3|3DE ||IM D, / dAOge
‘uoljewliojul JO ssO7 e ainjesadwal pue (%05 aA0qe) HY YBIH o
“W|1J 91L33de Ul SWOIPUAS JeBIUIA o ‘UOI}eIOLIBIBP
‘ypwnoub -o1q ‘A3213s pue 1J0os saw0d3q JaAe|
snbuny 03} SNP UOIS|NWS JO UOIIdNIISDJ o | dUL|DD :(%0S dA0ge) HY Ybiy pauleisns e
(0002) PiS|eYdIN "(W14 JO SUOIIIS JUdE[pe IO $3INSOPUD ‘uojjeuiwe|ap
(7661) uosulenl 03 bupaype uake| aune|ab) s|pau wijiy 4o Jo/pue bupje} oy buipes| ‘siake| uoisinwa
€681 OSTEY] ,BuPO|q,, ‘UoireWIOLUl JO SSO| !(]4ND JO pue aue|ab sy} buidae ainisjow Jo
ESTTIFY]| SS9US[11IQ) UOIBWIOLSP Wl) JUBURWIR o SSO| 9sNed ||IM (%€ MO[2q) HY MOT e w4

uolnjeiolialep pue m@mEmD é

(panuiauo3) AMpiwiny dA13e[DJ pue ainjesadwal YIMm paleldosse sysid pue uolielolalap pue abewep [eldle| — L3 3|qeL

27

© The British Standards Institution 2012


http://dx.doi.org/10.3403/00268771U
http://dx.doi.org/10.3403/00268771U
http://dx.doi.org/10.3403/30099987U
http://dx.doi.org/10.3403/30099987U

PAS 198:2012

(L661) ueujed
(£961) Yriasiey pue samog

"an|eA dIsuliiul Jo
$sO| ‘Yy1moub pjnow 01 aNp UOILeINO|OISIP
pue Buluiels ‘ainonJis uiloud jo

SSO| pue uollelolialap |edn1dNJ]S e

U WS NLIqWId

0} buipes| ‘san>d0o abeyuliys pue
‘dojanap ued pjnow 9,09 aroge :HY YbIH
JN220

sabueyd |edisAyd Jay3o pue syealq o1
Buipea| uoI1eDISIP ‘% GE MO|D] :HY MOT]
‘BuiuspJiey

pue !A}1j1qels Jo sso| 03 buipea)| sujuuel
pue ula10.d o uollePIXO ‘Uoilepelbap
pacnpul-|ed1wayd 4O 91eJ 3y} Ul 3seaJdul
. 0Z 9noge :aameladwal y6iH

© The British Standards Institution 2012

Jaylean

(£002) Banquappan
(2861) POOAN pue auieiuoye
(200?) *1e 13 punauiy

‘abew pue jured

1O ssO| pue sadequns pajuled jo uondnisiq e
'SSO| pue abeseaiq ‘UoIOoISIP ‘SHPeI) o

‘Aipiwuny moj

Aq pasned aq ued pue AIOAI UO sadeLins
juied aunydnu ued sjeysAid ayeydsoyd
wnissaubew JO 9dUISAI0[4L] "SUNOW Ul
‘6°9 pauleJisad 41 sbueyd |ein1dNIIS WOy
s1944ns Ajuo Aioai :ainjesadwal mo
‘HolsIp

| A10A1 JO S198Ys uly] "HY Buibueyd oy
9suodsaJ ul uoildeJsuod pue uoisuedxa
BuliNp $5343S 0} NP S32JD WOU) SID4NS
pue >idoujosiue pue 31dodsolbAyY si 3|
"aJnjesadwal 01 0S $S3| Yonw ‘HY 03
9AIMISUS AJaA S| A1oAl :HY Bunenydn|4

Kion|

(90072) 211435 pue Jejo)

‘Bulpuey bunp buppesd

0} auoud aJe saul| Jul ‘UoI}eIOIID}BP
J0 sabejs Ja1]Jea U] "UOI}BeW.IOLUl JO SSO|
pue uonedijdde yul Ym seale Jo sso|
ul s} nsaJ ydiym ‘poddns |eslew jo

$SO| 01 spea| A|]91ewWIln UOISOLI0D U] e

(panuiauo3) AMpiwiny dA1le[DJ pue ainjesadwal YIM pPaleldosse sysid pue uoijelolalap pue abewep |eldle| — L3 3|qeL

‘leasdiul dwiy Aue Ul D, GF pue HY %0LF
JO sylwi| s3s966ns abpajmou| JO |9A3)
juasaud ay] "suaded dipIde pazis-uisod 1oy
950y} 03} Je|iwis abelols p|od Jo abelols
pajood Ag ajgeaaiyde si uolealasaid
wJ93-buo "ainyesadwsal ybiy pue

HY ybiy Aq pareusjarde Ajpuediyiubis
Ajlepadsa si 4a11e| ay] siskjoipAy

pue uollepixo yyoq o3 9|qi3dassns

aJe syul ||eb uoul sy3sabbns eyeq

Ul [[eb uoul Hju|

uoneioueop pue abeweq | [euelew |

28



PAS 198:2012

(z661) J9[1BAN
(£861) J3[1BM
(¥002) As|uess
(6£61) ®1mOH

‘s|elJ91ew Juade(pe ‘Jo sso|

pue ‘o) abewep !sso| pue Buidesd unojod

Jo abueyd ABojoydiow Jo sso| ‘21e3s Jo
abueyd Jo sabueyd |ed1wayd 3|qISIaNDI| e

‘uolinedaud e se panIasqo aq p|Noys

2GS "Wl UOIID3||0d 4O UOIINIISIP

|e21sAyd pue uoisuedxa pides 0} buipes)

‘a1joujowozs ‘Pnpoud uoilepixo

91e4pAy-ouou pappaqus Jo uolleiphy

ul 3|NsaJ ued 9,09 SA0ge HY 01 aunsodxd

:%09 MO|3q S|9AS] HY 1B pazIpIXo sey

1ey3 oysedsew pue 31Ad Bujuieyuod

Swia1l UoI1D3||0d |edibojoseydle

pue |e>1bojojuoae|ed ‘|edibojosab

‘|ledo1bojessulw ‘sjeasulw IpPINSIP UO.I
PazZIpIXO Bululeluod swall UoIIID||0D) e

‘S|eli9lew PaleIdosse 4o

uo13dNIIsap buiyonroid ‘ssaxoid uoirepixo

9y} Ul ayisedlew pue a1Ad 4o uoIPNIISIP
dIp1de a1owoud osje [[IM :HY YBIH e

"9DU3DS3U0|44D pUB UOISOII0D

‘uoijelpAy ‘uoiyezijize|on ‘@uadsanbi|ap
asned ued s[aA3| HY 93elidouddeu) e

s|eJaulln

(0002) |19paeJD pue jeibhaq
(6661) 13Aed pue wry
(z661) 19paeID

"(J9A[1S) ysiuie] e
‘(Pea]) UOISOJI0) o

"HY MO|
1B USAS JNDDO |[IM pUE (SUOI}EIIUSDUOD
uol||14} 43d sped je apiyns |[Auogued pue
apl14ns usboupAy yiim) aisydsowsie ues|d
B Ul UBAS YSIuJe] |[IM JBA]IS "%0L 0} %S9
anoqe saJaydsowie [ewou Ul 9poJi0d
sfo|je uaddo> pue uoui !(yuasaid aJe spide
dI|Ax0Qguied usym) sapo.iod pes| :HY YBIH e

uolnjeiolialep pue w@mEmﬂ

(lerow
|ed1bojoaeydie
1dadxa) s|e1sN

(panuiauo3) AMpiwiny dA13e[DJ pue ainjesadwal YIMm paleldosse sysid pue uolielolalap pue abewep [eldle| — L3 3|qeL

29

© The British Standards Institution 2012



PAS 198:2012

(€861) S>4ed pue UOoS|IA\
(5002) 4e|0>] pue DIlns

(7661) ©1993S

(L10?2) 211435 pue uinig aQ ‘Meus|p
(2002) d10WHYAN pue pieebog

"an|eA dIsuliul
pue uoljewJoul ‘|elidrew |eu1blio Jo
sso| 03 buipes| abewep |EIIUBYID|N o
%S¢ MO|3q
S| HY 41 sbuipulq Jo ssauyns "uonepeibap
pacnpul-ojoyd Jo uojrepeibap [ed1wayd
0} 9Np UOI1eJIN0|0ISIJ "UOIIePIXO
J0 sisAjopAy 03 anp ssaud(11lig e

*9|geidadde pasapisuod

91 ), GF PuUe HY %01+ 40O suoienidn|4
‘uonensasaid

wu93-buoj Joy HY Jo/pue ainjesadwal
Jamo| aiinbau pue ‘siaded pazis suljeyj|e
-opnasd/auijey||e pue bes Jo a1el sy}
sawi} Q| e apelbap Ajjesauab yui ||eb
uoJi bujuieyuod Jaded pue uaded d1pY

"HY Y3im sazeis|adde Ajpuedijiubis
siskjodpAy pIdY "uolIeIOLI9}P-0I] 4O
3S1J paseatdul ‘9,59 anoge :HY YbiH

Jaded

(z661) 19]1BM
(£861) 13]|BM
(z661) ®1MmOH
(6£61) 31MmOH
(S661) sulfjod
(8861) suljjod

(panuiauo3) AMpiwiny dA1le[DJ pue ainjesadwal YIM pPaleldosse sysid pue uoijelolalap pue abewep |eldle| — L3 3|qeL

"Wd} UOI33]|0d JO $SO| 919|dW0d
W}l UOI1I3]|0d 0} BuINdRID (HY MOT o
"SW}l UOI}I9||0d djuebio pajeldosse
pue sainsojpua abeuols 0} abewep pue
suswads Jo sso| 919|dwod 03 bulispmod
|[9A3] MO| 03 pes| ||Im d1JAd JOo uoiepIXQ e

"UOI1eI01ID1BP |edluUBYdIW

JO sa3eJ dsealdul ||Im :HY bunenidni4
"%S9 MO|=3q

S| HY 41 uoizepelbap-oiq 40 si4 pasealdu|
"X1J}eW YdD1J-9PIX0 UOJI JO JUBWS[IHIqu]

"X|J1ew jo

abexulys pue uoneuiwe|ap ol buipes|
sjeJauiw Aepd Jo umopdealq asned ||IMm
%GE MO|9g HY ‘suswidads ul (HY MOT e

(uonnedaud e se panIasqo aq p|noys

%GS) "SWall UOI}1IS||0d JO UOIIdNIISIP

|ed1sAyd pue uoisuedxs pides 01 buipes)

‘a13joujowozs ‘pPNnpoud uolrepixo

91eipAy-ouou pappaqus jo uonelpAy

Ul }NsaJ ued 9,09 dA0ge HY 03 ainsodx]

"91e4|NS UOU|

Jo uoneipAy pue (spi4|nsip uodi) axJAd Jo

UoI1epPIXO pue umopsealq |eJaulw Aepd
9)eI3|3NE ||IM %09 dA0Ge HY :HY YBIH

SWIa} UOIPa)||0d
|es16ojojuoae|ed

uoneioueop pue abeweq | [eueiew |

© The British Standards Institution 2012

30



PAS 198:2012

(€661) [12UID pue bul||iyds

(2007) ussie

(1661) 19905 pue 37 ‘uasueH

(S661) 496uU1j9Z pue eAOSII[ "BAOYSAOUIRQ
(2002) @qui0d3|quilg pue uspmog

(panuiauo3) AMpiwiny dA13e[DJ pue ainjesadwal YIMm paleldosse sysid pue uolielolalap pue abewep [eldle| — L3 3|qeL

"WId} UOI123]|0d 3y} JO anjen
ISULIIUI U] 9SESJD3P pUE UOIIeW.ou]
JO sso| 01 buipea| uoiJolsip Jusuewsad

asned [|Im suoilipuod areudoiddeuy e

'sbuipulq JO SSDUJHIIS
S9seaUdul 9% 0E MO|3q HY ‘HY MO

"$S9J1S |BUIIIUI SDONPa
Yorym ‘o171 Aj91ewixosdde o uajuod
Jo1em e sadnpoud HY %S 01 %8¢E
‘uonepesbapoiq 40 si

paseasdul ue si 3idy} 9% 59 anoge :HY YybIH

‘poddns wouy sidhe| yul pue
juled jo uojjesedas o} Buipes| uoi3oisip
pue Buippod paseasdul :HY Bunenidni4

‘paiebiisanul aq 03 194 aney
juswydJed d1403SIY UO $3I3443 "uabe|jod
ul sabueyd |eiNn3dNIIS dNPUI [[IM D, 0
MO[9q sainjesadwal :ainjesadwa) Mo

‘uoneziune|ab oy yuswydied
sasodsipaid pue uabejjod ul sabueyd
|ean3dNuls sasned :a4nyesadwal ybiH

“Juswydaed ay3 ul sulle|ab pue
uabe||od o uoipodoud sy} uodn spuadap
SUOI}IPUOD |BIUBWUOIIAUD BUINS o

juswydied

uolnjeiolialep pue m@mEmD é

31

© The British Standards Institution 2012



PAS 198:2012

(9661) HRYPOOD-IWIOIDN
(6002) ‘| 18 aulipane]

€681 DSTJH]

"an|eA dIsuliul pue
uolleWIO4UI JO ssO| 0} Bulpes| ‘Buiyealg e
"an|eA dIsuldiul
pue uollewJo}ul Jo sso| ayraboy
Buypiys sydeaboyoyd ‘suieys buunbiysiq e
"SW}l UOI}I3||0d JO SaAIeHaU
sse|b ‘uswngqje ‘aune[sb ‘syulid soded
‘s9seq 91L132e 3S0|N|[J JO UOoIIRUIWE|IP
‘uonrewJoap ‘bBureaiq ‘ssauajilig e
'sso| pue saipuadoud |edisAyd Jo ssoT e

(panuiauo3) AMpiwiny dA1le[DJ pue ainjesadwal YIM pPaleldosse sysid pue uoijelolalap pue abewep |eldle| — L3 3|qeL

‘Buizesn

‘U0I1e2D1S9P ‘UOIIBWIOLSP ‘UOIIDBIIUOD
Juolisuedxa [ellUSIHIP ‘UOIIeSUSPUOD
Ja44ns ued uswngje ‘aunelab ‘wyiy ‘syurid
Jaded :HY pue aunjesadwa) bunenydnid «
1ake| aunne|ab ay3 4o uoisaype

pue Buiuapos ‘ypmoltb wsjuebio

-0J21W J344NS ued 9,0/ dAoge :HY YbiH

‘saninebau sse|b ui fHousiedsueuy jo

sso| ‘Bulpiy|ns ‘BuliolIlW JBA|IS ‘SUOIDES
XOPaJ JBJNS [[IM ‘syuabe [ediwayd
|enpisal yum Apejndied ‘sabeuw

JIA|IS “W|I} paseq-d1eJliu pue djeade
950|N||32 40 sisAjoJpAy 4O so1el pasealdul
Alpidel 03 speaj 9,05 aroge :HY YBIH e
‘syied Jusauodwod 3y} 4O uoleddIsap
asned |[IM 9%0Z MO|3q :HY MO

"3WOIPUAS
Jebauln "6 ‘uoirepesbap buiyessjadde
‘Buipey 9Ap :24njesadwal YbIH

sydeisboloyd

uoneioueop pue abeweq | [eualew |

© The British Standards Institution 2012

32


http://dx.doi.org/10.3403/30099987U
http://dx.doi.org/10.3403/30099987U

PAS 198:2012

(8661) doise pue Aszejeg-tewi]
(6002) p1oyxn

(r007) doise3 pue 119107

(£961) AedpN pue s3]

(8v61) uou=b3

(9561) 41 UND

'$9]11x31 pue saAp Jo sbuel e Jo) Buipey

9)eJd|adde os|e HY pue ainjesadwsal

Jaybiy uswAjod jo ybiam Jendsjow
Buisealdsp yim yibuauls 913xa} JO SSO7 e

‘(4oded '6°9) sjeria3ew d1SO|N||9D JBY30 0}
AlJejiwis apesbap U340 S3|13Xd] JISOIN||DD) o

‘siskjoJpAy pue uonepixo

Buipnppul ‘skemyied uoiyeiolialsp

Jo abueu 11gIyxa s3|13X3} 1By} sueaw
$24n3onJ3s pue syusuodwod jo abuey e

s9|1xaL

(6861) plousy pue Jspuysz
(9661) 19puysz

(€661) 19puysz

(0002) ®ud

(8861) UOId|PpPIN pue Aa|peig
(0661) Jopuysz pue pjouty

‘uonelpAy Aep
‘uolyelpAy pue aduadsanbiap ‘s3|2Ad 3eS e

"UOIIDNIISIP ‘DIBLINS 4O SSO|
‘uojyeulwe|ap ‘burispmod ‘uoirez|||eishid
HY pue aumyesadwa) Hunendnyd «

au01s

(6007) uoswel||Ip pue 2And
(8007) enoyseys

"J2B1UO0D Ul SW} UOI13]|0d
194k ued siazpnse|d Jo uonebipy
"H03sIp ued s33[qo a3sodwo) "bBulumouq
pue BuIMo|[aA “uolleulwe|ap ‘Buizesd
‘so13se|d 9|qIxa} pue sweoy o Ajiejndiued
A111q1x3]4 Jo sso| ‘sdiase|d pakp jo bBuiped e

"UOI1eJ01I3}3P 0} Sped|

%0€ MO|3q ‘(9181928 B50|N||3D ‘S1E4}U

950|Nn||93 ‘aueyiainAjod -6-3) sonnseld
Buipeibap Ajjed11Aj0ipAyY 104 :HY MO

"abJeyd d11e1s04109|2

Jo dn pjinq 3|qissod 0} anp uoi}eioli3p

p1oAe 03} pasiApe s (%09 03} %05 6°3) HY
Jaybuy ‘sonnsejd o11ayiuAhs 1o4 :HY YBIH o

‘uoI1eJI0LId13P 0}

spea| 9% 0 anoge ‘(dpAysp|ew o) uiased
'6°9) sonpse|d oij1ydoubAy 104 :HY YBIH e

‘uonesbiw saznseyd

MO| Y}IM SW} UOI}I3||0d JO UOIIeWIODP
9dNpuUl ||IM :2in}esadwd) MoT o

"(OAd pazinse|d 4aqqnu d138YauAs ‘dd

3d) "L MO| yum sa1ase|d 4o uonewIoep
Jo daaud adnpul ued :ainjesadwal YOIH e
‘|eonnAje1ed uayjo ‘sishjoupAy ‘uonepixoQ e

solyse|d

uolnjeiolialep pue m@mEmD é

(panuiauo3) AMpiwiny dA13e[DJ pue ainjesadwal YIMm paleldosse sysid pue uolielolalap pue abewep [eldle| — L3 3|qeL

33

© The British Standards Institution 2012



PAS 198:2012

© The British Standards Institution 2012

(8661) 3pieys3 pue esown] ‘BanquaRIIN
(8002) P{sMm0}z0Y| pue zseleig ‘erpier
(£002) PIsMmo}z0)| pue zseleig ‘eraier
(S007) PISMOjZO) pue epaper ‘zseyelg

'SSO| ‘S199UIA JO Buill] ‘Buydes) e

'SS9.3S
|eusalul o3 anp abewep |ed1sAyd 01 pes|
ued pue ‘uoi}elusalIo ulelb pue saads
uo JUSpuUSdIP BJe SIUBIDIES0D uolisuedxs
paie[aJ-HY ‘||ewsS aJe S}udId1}}0d
uoisuedxa paje[aJ-ainjesadwa]
"UoI3eINO|ODSIP 0} Bulpea| uoiepIxO

pooM

(0£61) SSOY pue pue|13qoy 4O pIay
(£661) lemaind

(LL6L) JBUIBAN pUE YHR|ISPUD|d
(2007) erodsrouing pue gujonoN
(££61) 131NN

(z861) Jessed

(panuiauo3) AMpiwiny dA1le[DJ pue ainjesadwal YIM pPaleldosse sysid pue uoijelolalap pue abewep |eldle| — L3 3|qeL

‘anjea
dISULIIUI PUB UOI}BWIO4UI ‘WY UOID||0d
}JO SSO| JUBWdIqI] :aanjesadwa) MO e
"]2BIU0D U] S32B4INS JI9Y}0
0} JUBWYDE}Ie UOIIUILSP 3DBLINS 4O SSO|
!sso| pue bupels) :ainjesadwal YbiH e

"JUsWIL|IqWd

03 Buipea| ‘Xemsasaq Ul SJUDA|OS JO

uollez|||eysAid adepins asned ued ), €1
MoO[9q sainjesadwal :ainjesadwal) Mo e

‘abewep |edisAyd o3 Ayijigessuna pue

SWI} JOAO JUBWD[IIIQWID SBSNED SIUIA|OS

Jo sso7 'syueinjjod buiddeuy ‘ssaupis
9ce}uns asned ued :ainjesadwal YbIH e

SaXepn

uoneioueop pue abeweq | [eualew |

34



Annex F (informative)

Sensitivity of materials to light

Guidance on the sensitivity of materials to light and
supporting research references is given in Table F.1 and
Table F.2. In particular:

a) arepresentative selection of materials found in
collections are grouped in Table F.1 in terms of
their sensitivity to light; and

b) the time taken for fading to occur at different
illuminances is given in Table F.2 for materials with
different sensitivities to light.

Exposure to light can result, not only in fading, but
also in a reduction in mechanical strength (caused by
photo-degradation). Exposure to light can also result
in embrittlement through cross-linkage, where the
relative proportion of amorphous areas to crystalline
areas within a polymer is reduced, resulting in a loss
of flexibility. Light exposure can have other effects,
e.g. discolouration through darkening: aged cellulosic
textiles can look yellow/brown because of the formation
of coloured deterioration products. The vulnerability
of textiles to photochemical damage is influenced by
the types of fibres, dyes and finishes, and the presence
of other materials (e.g. decorative elements, such as
metallic threads), contaminants (which can serve as
catalysts for degradation) and moisture.
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Table F.2 — Time taken for fading to occur at different illuminances »

50 Just noticeable fade | 300 -7 000 years 20 - 700 years 18 months — 20 years
Almost total fade 10 000 — 200 000 years | 700 — 20 000 years 50 - 600 years

150 Just noticeable fade | 100 — 2 000 years 7 - 200 years 6 months — 7 years
Almost total fade 3 000 — 70 000 years 200 - 7 000 years 15 - 200 years

500 (office) Just noticeable fade | 30 - 700 years 2 - 70 years 7 weeks — 2 years
Almost total fade 1 000 - 20 000 years 70 -2 000 years 5-60 years

5000 (window | Just noticeable fade | 3 - 70 years 2 months — 7 years 5 days — 2 months

or study lamp) Almost total fade 100 — 2 000 years 7 - 200 years 6 months — 6 years

30 000 (average | Just noticeable fade | 6 months — 10 years 2 weeks — 1 year 1 day — 2 weeks

daylight) Almost total fade 20 - 300 years 1-30years 1 month - 1 year

NOTE 1 Each day of exposure is assumed to be 8 hours, each year 3 000 hours. Time for a “just noticeable fade”
is given as a range based on the doses for the range of ISO Blue Wools in that sensitivity category as given in
Table 4 of Michalski (2010). The “almost total fade” is based on a conservative estimate of 30 times the “just
noticeable fade” although fading often slows down, so that an estimate of 100 times the” just noticeable fade”
is probable for many colours.

NOTE 2 A previously exposed surface of an item is less sensitive to light and UV radiation than an unexposed
surface of the same composition (in that collection item or another collection item), i.e. after high sensitivity
colourants are faded, the remaining colourants should be medium sensitivity, and so on. Thus an estimate of
sensitivity can be based solely on knowledge of prior exposure, e.g. a painting that is known to have been
exposed for 100 years at known gallery lighting, or in a fixed historic setting with stable lighting, will not be
noticeably faded further until future exposure reaches around 5% of prior exposure, and will not be greatly
changed until future exposure matches prior exposure.

NOTE 3 The generally accepted range of 150 lux to 200 lux for some types of collection items such as oil
paintings cannot be based on a global difference in sensitivity, since many oil paintings contain (or did contain)
high sensitivity colourants, and many works on paper are executed in low or no sensitivity colourants. These
higher intensities can be, and have been, based on viewer preference studies and on the prevalence of dark and
low contrast passages in these collections, as compared to the prevalence of bright and high contrast passages
in works on paper.

NOTE 4 Current evidence of rates of UV radiation damage is sparse, although attempts have been made

to develop damage functions. Common experience shows that UV radiation from full sunlight can yellow
newsprint in days, can noticeably chalk oil paint, acrylic paint and bone in a year and can erode wood several
millimetres per century. Experience also shows that filtration by window glass alone reduces these effects by
at least 10 times to 100 times. Filtration down to 75 uW/lumen will probably reduce this to 100 times to 1 000
times. Reducing illuminance compounds these benefits, since all light and UV radiation damage is proportional
to illuminance: compared to sunlight (100 000 lux) the rate of damage of the above examples at 100 lux is
slower by 1 000 times.

NOTE 5 UV affects organic materials, but rarely inorganic materials. Given Note 4, any material known to

be able to survive several years in outdoor sunlight without noticeable effect (beyond those attributable to
pollutants, rain or oxygen) can be considered unaffected by UV, e.g. stone, ceramics, metals.

A This table is derived from Michalski, S. (2010), Light, ultraviolet and infrared, Table 3. It is available from the
Canadian Conservation Institute website: www.cci-icc.gc.ca/caringfor-prendresoindes/articles/10agents/chap08-
eng.aspx.

© The British Standards Institution 2012 37



PAS 198:2012

Annex G (informative)
Sources of pollutants and their effects on materials

Guidance on sources of pollutants and the effect of pollutants on certain materials is given alongside supporting
research references in Tables G.1 to G.4. In particular:

a) sources of internally generated pollutants are given in Table G.1;

b) pollutant-material interactions in enclosures are given in Table G.2;

¢) pollutant-material interactions in open storage or open display are given in Table G.3; and

d) approximate threshold concentrations for a number of pollutant-material interactions are given in Table G.4.

Table G.1 - Sources of internally generated pollutants

Source Pollutant References

Acrylic and nitrocellulose paints Acetic acid (ethanoic acid) Donovan and Moynehan (1965)
Solvents Tétreault (1992)

Cellulose acetate collection items, Acetic acid (ethanoic acid) Allen et al. (1987)

cellulose triacetate film Allen et al. (1990)

Aubier (1996)

Edge et al. (1992)
Edwards et al. (1993)
Quye (1998)

Ram (1994)
Cellulose nitrate collection items Camphor Edge et al. (1990)
and photographs Formaldehyde (methanal) Jutier et al. (1987)
Nitrogen Miles (1955)

Phillips, Orlick and
Steinberger (1955)
Wolfrom et al. (1955)
Yarsley et al. (1964)

Plastics, rubber Acid vapours Knotkova-Cerméakova and
VI¢kova (1971)

Polyisoprene rubber (carpet Reduced sulfur gases Brimblecombe, Shooter and
backing), vulcanized rubber, Kaur (1992)
wool and certain sulfide minerals Donovan and Stringer (1971)

Sease et al. (1997)
Waller (1999)

Poly(vinyl acetate) Acetic acid (ethanoic acid) Bataille and Van (1975)
Down et al. (1996)

Grassie (1952)

Grassie (1953)

Servotte and Desreux (1968)
Tétreault (1992)

Poly(vinyl chloride) Hydrochloric acid Kelen (1983)

Resins/coatings Acetic acid (ethanoic acid) Tétreault (1992)
Formic acid (methanoic acid) Tétreault and
Solvents Stamatopoulou (1997)
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Table G.1 - Sources of internally generated pollutants (continued)

Source Pollutant References
Wood Acetic acid (ethanoic acid) Arni, Cochrane and Gray (1965)
Formic acid (methanoic acid) Budd (1965)

Clarke and Longhurst (1961)
Donovan and Moynehan (1965)
Donovan and Stringer (1971)
Farmer (1967)

Gibson and Watt (2010)
Grzywacz and Stulik (1993)
Knotkova-Cermakova and
Vickova (1971)

Wood-based panels (sealed Formaldehyde (methanal) Andersen, Lundqvist and

with urea-formaldehyde or Mgalhave (1975)

phenol-formaldehyde resins) Grzeskowiak, Jones and
Pidduck (1988)

Lehmann (1987)

Matthews et al. (1986)

Meyer, Hermanns and Smith (1985)
Myers (1984)

Myers and Nagaoka (1981)
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Table G.2 - Pollutant-material interactions in enclosures

Copper Acetic acid Transformation of Lopez-Delgado et al. (1998)
(ethanoic acid) copper metal to green Thickett and Odlyha (2000)
copper-based salts
Lead Acetic acid Transformation of lead Allen and Black (2000)
(ethanoic acid) metal to white salts; severe Clarke and Longhurst (1961)
Formic acid pitting and/or complete Coles, Gibson and

(methanoic acid)
Formaldehyde
(methanal)

Reduced sulfur gases

destruction of small
collection items such as
coins/tokens

Hinde (1958)

Donovan and

Moynehan (1965)

Donovan and Stringer (1971)
Edwards, Bordass and
Farrell (1997)

Fitzhugh and Gettens (1971)
Hatchfield and

Carpenter (1986)
Knotkova-Cermakova and
Vickova (1971)
Raychaudhuri and
Brimblecombe (2000)
Streigel (1992)

Tennent and Cannon (1993)
Tétreault, Sirois and
Stamatopoulou (1998)
Thickett (1997)

Lead-based pigments

Hydrogen sulfide

Formation of black spots

Wohlers and Feldstein (1966)

Limestone, ceramics,
fossils, pottery

Acetic acid
(ethanoic acid)

Salts form on the surface
of collection item, leading
to severe pitting and
disruption of glazes

Fitzhugh and Gettens (1971)
Gibson et al. (1997)

Gibson et al. (2005)

Linnow, Halsberghe and
Steiger (2007)

Van Tassel (1958)

Wheeler and Wypyski (1993)

Paper (cellulose)

Acetic acid
(ethanoic acid)
Volatile organic
compounds (VOCs)

Increased brittleness,
friability due to weakened
structure

Dupont and Tétreault (2000)
Strli¢ et al. (2011)

Shells, eggshells,
carbonate, borate,
phosphate and similar
soluble minerals of

Acetic acid
(ethanoic acid)
Formic acid
(methanoic acid)

White salts form on the
surface of collection item
leading to pitting, loss of
lustre on minerals

Agnew (1981)

Byne (1899)

Nicholls (1934)

Tennent and Baird (1985)

weak acids Tennent and Baird (1992)
Waller (1999)
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Table G.2 - Pollutant-material interactions in enclosures (continued)

Material

Silver

| Pollutant

Reduced sulfide gases

| DETETLS

Transformation of silver
metal to silver sulfide
causing pitting, tarnishing
and blackening of metal
surface

PAS 198:2012

| References

Brimblecombe, Shooter

and Kaur (1992)

Blackshaw and Daniels (1979)
Franey, Kammlott and
Graedel (1985)

Oddy (1973)

Pope, Gibbens and

Moss (1968)

Sease et al. (1997)

Unstable historic soda
silicate glass

Formic acid
(methanoic acid)
Formaldehyde

White salt formation
formed on surface weakens
structure of glass

Cummings, Lanford and
Feldmann (1998)
Nockert and Wadsten (1978)

(methanal) Robinet et al. (2004)
Robinet et al. (2007)
Zinc Acetic acid Transformation of zinc to Clarke and Longhurst (1961)
(ethanoic acid) salts causing pitting Donovan and
Formic acid Moynehan (1965)

(methanoic acid)
Hydrogen sulfide
Nitrogen dioxide

Donovan and Stringer (1971)
Svensson and
Johansson (1996)

NOTE Lead collection items, which are particularly sensitive, should not be stored in wooden enclosures.
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Table G.3 - Pollutant-material interactions in open storage or display

Colour photographs

Acetic acid
Nitrogen dioxide
Ozone

Fading, yellowing

Bard et al. (1980)
Fenech et al. (2010)

Lacquers Dust Change in visual Lloyd et al. (2002)
appearance, mechanical
damage due to cleaning

Leather Sulfur dioxide Reduced mechanical Spedding, Rowlands

properties (“red rot"”)

and Taylor (1971)
Tétreault (2003b)

Dust

Change in visual
appearance, soiling,
mechanical damage due
to cleaning, increased rate
of/providing catalyst for
chemical degradation

Lloyd et al. (2002)

Metals, soft polymer
surfaces, varnishes,

watercolours

Dust

Change in visual appearance,
mechanical damage due

to cleaning, increased rate
of/providing catalyst for
chemical degradation

Lloyd et al. (2002)

Natural organic

colourants on paper

Ozone
Nitrogen dioxide

Fading

Grosjean, Grosjean and
Williams (1993)

Salmon and Cass (1993)
Whitmore and Cass (1988)
Whitmore and Cass (1989)
Whitmore, Cass and
Druzik (1987)

Williams, Grosjean and
Grosjean (1992)

Paper and papyrus

Acetic acid

Reduced mechanical

Baer and Banks (1985)

(cellulose) Nitrogen dioxide properties, yellowing Johansson and
Ozone (especially of paper Lennholm (2000)
Sulfur dioxide containing lignin)
Pigments Ozone Fading Cass et al. (1991)
Rubber Ozone Reduced mechanical Grosjean et al. (1988)
properties and cracking
Stone Sulfur dioxide Change in visual Braun and Wilson (1970)

appearance, soiling,
mechanical damage due to
hydrated sulfonated salts

Hoke (1978)
Wieczorek-Ciurowa (1988)

Synthetic materials

Nitrogen dioxide

Yellowing

Textiles Formaldehyde Reduced mechanical Baer and Banks (1985)
(methanal) properties Kamath, Hornby and
Nitrogen oxides Weigmann (1985)
Sulfur dioxide Nockert and Wadsten (1978)
Textile dyes Ozone Fading Grosjean et al. (1988)
Nitrogen dioxide Thompson (1986)
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Table G.4 — Approximate threshold concentrations for certain pollutant-material interactions

Material Pollutant and associated approximate threshold concentrations

parts per billion by volume

Acetic acid | Formic acid | Formaldehyde | Reduced Sulfur Nitrous
(ethanoic (methanoic | (methanal) sulfides dioxide oxide
acid) acid)
Historic soda - 500 300 - - - _
silicate glass
Limestone, 1000 - - = - _ _
ceramics,
fossils,
pottery
Shells, eggs 1000 500 - - - - _
Lead 100 - - 10 - - _
Copper 1000 - - - - - _
Silver - - = 10 - - _
Zinc - - - 10 - - _
Lead-based 100 - = 10 - — _
pigments
Paper 100 - - - 1 10 10

NOTE 1 Approximate threshold concentrations are given for those pollutant-material interactions where
thresholds have been published. Threshold concentrations have yet to be agreed for other materials such as
textiles, plastics, organic colourants and leather, although most organic materials are susceptible to oxidizing
pollutants (e.g. ozone and NO,) and acidic pollution (e.g. SO, and organic acids). In the absence of published
threshold values, the values for paper may be used as approximate guidance.

NOTE 2 Further guidance on pollutants in collection environments is given in Grzywacz (2006), Hatchfield (2002)
and Tétreault (2003a).
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