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THE CASS ENVIRONMENT

Like most
cultural

environments
INTERNAL

that of objects POLLUTANTS
is restricted yet

Imposes both

iInternal and

external threats

TEMPERATURE




RESEARCH INPUT

Earthquake

RH

Fire

Biology
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Security

MANAGEMENT PERSPECTIVE

relative humidity

temperature

light

operation of heating and air conditioning

pollution and pest management
-less attention [Putt, 2001].

Light

Pollution

40 60
ISI Publications (25 years)




CYCLESvs CUMMULATION

Relative humidity and temperature
typically pose a threat through
cyclic change

Pollutants and light cause damage
In a dose related way




MITIGATING CYCLES

Dampen or buffer the cycles -
changes amplitude

Lower the number of cycles
Change frequency




LIGHT POLLUTANTS
DOSE or CUMMULATVE FLUX

Intensity or concentration
may be less relevant than
cummulative flux or dose

Standards are not written

in terms of dose for intensity * time
pollutants, although
nossible with light

Role of filters




MUSEUM AIR POLLUTION

Pollutants can be difficult to monitor at
low concentration

Chemical changes can be very complex




MUSEUM POLLUTANTS

Advected pollutants
Indoor sources
Cases

Outgassing from case materials
Oddy test has transformed practice




INDOOR AIR POLLUTION

NO, ppb

Nitrogen dioxide penetration at
the Dreadnought Collection




INDOOR OUTDOOR RATIOS

Unifying concept that compares
interiors

>1 Indoor source
<1 indoor loss mechanisms

O, and SO, very effective loss




INDOOR OUTDOOR RATIO

/0 = Ac/(Vd(SIV)+Ac)

S, Surface area
V,Volume

Ac, Air-change rate
Vd deposition velocity

V, = (1N, + 1V, )

1/V, aerodynamic resistance
1/V, surface resistance




NO, INDOOR:OUTDOOR RATIOS

Museum of London 0.18 a/c & filtration
Correr (winter) 0.43 closed windows
Residenz, Wurzburg 0.62

Kunsthistorisches Museum ONY!

Correr (summer) 0.75 open windows
SCVA (winter) 0.79

V&A, London 0.99

SCVA (summer) 1.32

/O = Ac/(Vd(S/V)+Ac)
S, Surface area Volume




CASES
AND A PULSE OF EXERNAL POLLUTANTS

CONC
1.2
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0.8 Equal areas so dose

' I
0.6 IS equal!
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OZONE REACTIONS WITH
SURFACES

Paints
formaldehyde
Carpets and counter tops

a range of aldehydes, especially
nonanal




AIR CONDITIONING EMISSIONS

These reflect
Uptake a‘nd B Formaldehyde
emissions B Propanal

B Butanal

Dominance of _ 0 Pentanal

B Hexanal

some O Heptanal
characteristic _ B Octanal

O Nonanal

aldehydeS " B Decanal

B Dodecanal

hexanal
nonanal

— I

Hyttinen et al Atmos Env 2006




OBJECT AS A SOURCE

Film base -
archival relevance
cellulose nitrate




ABSORBSION OF ETS BASES

Sorption of nicotine on carpet
and wallboard stronger than
penanthrene

Pyridine, 3-ethylpyridine may

show acid-base relations in
terms of desorption

Pyridines are quite basic: the
pK, of the conjugate acid is 5.30




Right print was pinned to a chipboard notice board for six months,

Morten Ryhl-Svendsen




WOOL CHEMISTRY

MM
H$—CH,—C—COOH
|
H

Degradation of
cysteine yeilds OCS
rather than H2S at

room temperature




SULFIDES AND SILVER

Wool and many other materials
generate sulfides which tarnish
silver....
often not H,S!

COS + Ag,0
= AgS + CO,

Early silver

bicycle trophy B

http://www.juliaauctions.com/



HYDROGEN SULFIDE

and Special problem in volcanig
LEAD PIGMENTS regions, such as Rotorue

Snow in painting goes black

2PbCO;.Pb(OH), + H,S — PbS + ....




LEAD CORROSION

A lead weight severely corroding,
due to chipboard bottom of show case.

from an Austrian museum

...along
departed pollutant

photo © Christoph Waller, 2001




REACTIONS IN MUSEUM CASES

Lead in a formaldehyde atmosphere only
corrodes on oxidation to formic acid...

HCHO + H,0,

Michele Raychaudhuri

Oxidation potential

not concentration

relevant to
damage...

SYNERGISMS




MECHANISMS & UNEXPECTED
PRODUCTS

Lead formate expected, but carbonates often
found... especially

plumbonacrite, Pb,,(CO,)s(OH),O
hydrocerussite, Pb,(CO,),(OH),

Pb(HCOO), + H,O + CO,

= 2HCOOH,,, + PbCO,4




PERSIAN LEATHER SADDLE BAGS

Iron or green copper pigment 100y
at leather surface may catalyze cross-section <
sulfuric acid formation




IRON INKS & PIGMENTS

Iron gall inks — excess sulfate
due to SO, oxidation, but also ¢ ;;gf %

Fe2*+ O, - Fe3* + O,

Similar process In ﬂax d '_'

In Maori Cloaks
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Iron(ll) sulfate reacted
with tannic acid to producez
black ferrotannate an
Indelible ink
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http://www.knaw.nl/ecpa/ink/index.htmi




RESTORATION

Oxidize the sulfide with a
solution of hydrogen peroxide
s Inether




SETTING STANDARD
DAMAGE, NOAEL and NOAED

Damage should not increase
significantly over natural levels 10-
50%

No observable adverse effect level
(NOAEL)

No observable adverse effect dosage
(NOAED)

Kucera / Tétreault




OPERATIONAL THRESHOLDS

Damage by the pollutant gas is slower
than damage by other processes

Damage by the pollutant gas leads to
an acceptable loss over planned
survival




PATINA AESTHETICS

What is meant by
damage”?

PATINATION I

20 40 60 80 1(

DAMAGEI

Kari Kivisalo




NITROGEN DIOXIDE
40 -

ug/m3 B Health |
[ Vegetation
30 - E Museums

B Paper

Annual limits for
health and
vegetation
(96/62/EC) much

less stringent than
suggested

exposures for /O ~ 0.85
museum and paper

archives L




OZONE

Annual limits for B Health
health and O Vegetation
vegetation -
(96/62/EC) much Paper
less stringent than

B Museums

suggested

exposures for
museum and paper 20
archives

Health 8-hour 120 ug m-= set at annual 50 pg m-=
Summer vegetation 40 ug m-2 set to annual




SULFUR DIOXIDE

90 -
Limits for healthand | ;4 B Health
vegetation [ Vegetation

40 1 B Museums
expressed on an H Paper

annual basis . M Leather
(96/62/EC) much

less stringent than
suggested 20 -
exposures for
museum, paper and 10 -
leather bindings.

Health daily 125 pg m=3 set at annual 50 pug m-3 O i
Winter vegetation 20 pg m- set to annual




HISTORIC INDOOR
SULPHUR DIOXIDE

Nat’l Library Wales
Aberystwyth




CUMULATIVE
SULPHUR DEPOSITION

CUMULATIVE DEPOEIT OF SULPHUR DICMIDE
AT 3 M3

o- BM
—— NLW

Nat’l Library Wales
Aberystwyth




CONCLUSIONS

Case environment Is complex and not
simply a protection
Defining standards is complicated by:

pollutant identification, reaction,
synergism




SHOWCASES INSIDE OUT

THE END

Peter Brimblecombe
University of East Anglia
Norwich UK




Cases are adopted by museums, galleries, historic houses, libraries and archives
have to protect their collections from the room environment. Cases create a
special environment and although it is often buffered and stable it is not
necessarily a safe one. Air pollutants can be produced within the case and it is
not always effective even at protecting objects from outdoor pollutants. We have
to ask questions such as, “How are objects damaged and what is the role of
synergisms between pollutants in enhancing this damage?” The Oddy test has
led to a great improvement in the environment within cases, but its qualitative
nature and a focus on visible damage limits understanding of the processes
involved. Much of the research on air pollutants in museums has focused on the
composition of air in the cultural environment rather than its chemistry. There
has also been a danger in taking our clues from the effect of pollutants in outdoor
air, which are often driven by concern over human health. Here gases such as
carbon monoxide or benzene have been of concern, although they show little
affinity for indoor materials. Other gases, such as carbonyl sulfide or organic
acids, are of considerable concern within museum cases despite their low health
impact. Sulfur dioxide appear to cause damage to some sensitive materials at
concentrations where there would not be expected to be any health outcome.
Poor understanding of the mechanisms for damage also means we have little
idea of that way pollutant damage is affected by physical parameters such as
relative humidity, light and temperature. A better understanding of the chemical
changes underway in the case environment would help develop more justified
management of objects on display.




