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DETERMINING RESPONSIBLE DISPLAY CONDITIONS FOR PHOTOGRAPHS 

John McElhone 
National Gallery of Canada 

Increasing demand for the exhibition of important photographs is 
an inevitable result of their rising market value, the growth of 
museum photograph collections and new levels of interest and 
connoisseurship among the museum public. Museum conservators are 
routinely asked to make pronouncements on what illumination 
levels, display duration and environmental conditions are "safe" 
for photographic prints on display. They must determine what 
relative humidity, temperature and light exposure conditions 
represent acceptably low risks for a variety of photographic 
processes. Additionally, they must act to protect photographs 
from physical damage during travel to exhibition sites and during 
display. The approach conservators use in making these 
recommendations should be conservative, should reflect the 
inherent weaknesses (and strengths) of the various processes and 
of individual prints and should result in installations which 
allow photographs to be seen in conditions which are as favourable 
as possible. The results of some real-time experimental light 
exposure studies and some actual exhibition experiences are 
discussed. 

1 nt roduc t ion 

In order to provide meaningful information regarding the conditions under 
which original photographic prints should (or should not) be displayed, museum 
conservators must equip themselves with a broad knowledge of how light 
interacts wit.h organic and inorganic materials arid with a specific knowledge 
of how light interacts with individual photographic prints in the collections 
they oversee. The advice w e  provide on the advisability of display and loan 
must also estimate the risks inherent in packing, transit and handling during 
installation. 

This approach to identifying responsible display conditions has nothing to do 
with incantation of the "50 lux maximum" formula or resort t o  a sanctioned set 
of intensity/duration conditions. The use of such standard policies may be 
expedient in overworked and understaffed institutional settings but they 
should never be thought by conservators to be a realistic evaluation of the 
optimum display conditions for a particular print. 
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The collection of photographs at the National Gallery of Canada includes items 
which cannot be exposed to light, even at a low level of illumination, for 
more than a brief period without suffering noticeable light-induced damage. 
Fortunately, there are relatively few items with this high sensitivity in the 
collection. Also present are prints which can withstand, without observable 
damage, display in a seven-venue touring exhibition extending over 19 months 
during which they will be exposed to approximately 460 klux-hours' of UV- 
filtered tungsten incandescent illumination. There are a relatively large 
number of these stable objects in the collection, as well as a large number of 
photographs whose stability is somewhere intermediate between the extremes. 

The conservator's role, in this context, is to provide the best possibie 
determination of the relative degree of sensitivity which applies to a 
particular print and to provide housing and exhibition conditions that will 
optimize print stability. 

Michalski's recent writings [1987, 1990a, 1990bI on the effects of display on 
museum objects point to the wide range of light-fastness observed in various 
materials and colorants. This factual information should be used in arriving 
at 

... the institutional consensus (which) follows the 
same rrix as the government's budget: one third 
politics, one third intuition and one third facts. 
This j s  not necessarily a bad thing, but I would like 
at least to keep the politics explicit, the intuition 
mature, and the facts current. [Michalski, 1990a, 
P.391 

In the case of photographic prints, we have the opportunity to supply current 
and relevant facts by accurately observing and recording the density of 
various image areas before and after display. [Wilhelm, 19811 

Romer has warned "...that we are squandering the largely unrenewable resources 
of our photographic heritage in an ignorant fashion" by subjecting unique 
vintage prints to display. [1986, p.241 This conclusion was supported by a 
densitometric monitoring study by Severson in which 38 prints in a touring 
exhibition were monitored before and immediately after exhibition and again 
after a dark storage period. [19861 Severson noted density changes after 
transit and exhibition in 21 of the prints monitored. The possible 
deteriorative agents noted were light exposure (estimated as a maximum of 156 
klux/hours of ultra-violet-filtered tungsten incandescent illumination), poor 
air quality (unknown) and fluctuating temperature and humidities (crates 
exposed to high humidity at least once in transit). 

I Calculation of total light exposure in lux-hour units can be made 
by using the factor of 3000 hours/year light exposure in a typical museum. 
[Michalski, 1990a, p.431 In this paper the total light exposure f o r  a 
travelling exhibition is calculated by multiplying this factor by the actual 
display time (converted to years) and by the maximum illumination intensity. 
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The observations presented below are drawn from the author's light ageing 
trials and from exhibition experience. Compared to Romer and Severson's 
observations, they suggest less dire consequences for photographic prints 
exhibited in well controlled museum conditions. Before looking at these 
results we should briefly review the two critical factors which must influence 
our choice of display conditions: What level of illumination is necessary to 
see photographs on display'!; What are the possible ways in which exhibition 
can cause deterioration in photographs? 

Visibility 

Discussions with curators on exhibition lighting levels inevitably centres on 
whether the light level is sufficient for the image t o  be seen (and seen 
well). The scientific investigation of vision can give us little help here 
since there appears to be no optimum illumination level at which visual acuity 
and colour discrimination reach a plateau. [Boyce, 1987, p.551 While 50 lux 
may allow a younger person to discriminate colours in a low reflectance 
object, it may not be sufficient for a viewer over 55 years of age to do so .  
A s  illuminance increases to 1000 lux and beyond, visual acuity and colour 
discrimination clearly improve. 

Viewer's opinion on the "quality" of illumination, as studied by Loe [1987], 
does not give clear direction either. Michalski points out that these 
viewer's "...judgement of the <<quality>> of lighting shows little improvement 
between 50 lux and 400 lux". [1990b, p.5841 

In one instance, a curator of photographs has insisted that a room with a 
relatively high level of north daylight is inappropriate for the examinati-on 
of photographs, this strong illumination tending to wash out and flatten tonal 
details of both colour and monochrome prints.* This is not surprising since 
most photographers produce and edit their own work under moderate levels of 
artificial light, often from tungsten incandescent sources. 

Xichalski [1990b, p.5841 summarizes the visibility data by saying: 

- We see most of what there is to see by 50 lux. This 
has been the standard argument of conservation. 
- We see objects not only slightly better, but 
differently with more light (such as the brightness of 
colours 1 .  
Conservation must not deny that difference, or 
trivialize it. Our job is to explicitly predict the 
cost in deterioration.... 

1 J.W. Borcoman, Curator of Photographs at the National Gallery of 
Canada, prefers a space lighted with 150-300 lux tungsten incandescent to one 
with daylight illumination which varies between 300 and 2000 lux. In this 
instance both colour temperature and intensity are involved in the preference. 
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Deterioration of photographic prints on exhibition 

Visible light and ultra-violet radiation ( U V )  potentially affect every 
component of the photographic print. These effects are briefly listed below. 

- Image silver, no matter what its particle morphology or tuning adjuncts, 
is not directly affected by light/UV exposure. However, some products 
of photo-oxidation of organic components (see below) may oxidize 
metallic silver [Eastman Kodak Co., 1985, p.108; Reilly, 1986, p.1031; 
residual silver halide, such as that present. in unfixed or partially 
fixed prints', will darken when exposed to light; many of the silver- 
thiosulphate and other silver complexes which accumulate in poorly 
washed silver prints can be photo-oxidized causing staining or further 
reactions; silver ions, produced by the action of moisture and oxidizing 
agents, may be reduced by light exposure. [Eastman Kodak Co., 1985, 
p.841 The light-induced deterioration of polyethylene in resin-coated 
papers (see below) may affect image silver. [Wilhelm, 19921 The factors 
affecting oxidative-reductive deterioration of image silver has been 
reviewed by Hendriks. [1389, pp.645-6501 

- Organic dyes comprising the photographic image or present as filters or 
sensitizers are subject to light-induced changes in density [Giles, 
1973; Wilhelm, 1979; Schwalberg, 19901. Dyes used to tint the paper 
support of some albumen prints are extremely fugitive. [Burgi, 1982; 
Reilly, 1986, p.1061 

- The iron compounds which comprise cyanotype images may be faded by light 
exposure. This fading is partially reversible by dark storage. [Reilly, 
1986, p.431 

- Proteins are subject to light/UV deterioration. Albumen is subject to 
bond-breaking and photo-oxidation by UV. [Messier, 1991, p.1341 
Gelatin, less sensitive than albumen, may be yellowed and embrittled by 
prolonged light exposure; this is unlikely to happen at museum light 
exposure levels. [Reilly, 1986, p.103; Eastman Kodak Co., 1985, p.841 

- Paper may be bleached and weakened by light (principally UV) exposure. 
Lignin containing papers may be discoloured. [Reilly, 1986, p.103; 
Michalski, 1987, p.101 Gelatin emulsions will absorb most of the 
incident UV energy and a baryta layer will block most incident light 
from reaching the paper support. 

- Polyethylene in early resin-coated papers is subject to light-induced 
disintegration, catalyzed by titanium dioxide in the 
opacifying/reflecting layer below the image. [Parsons, 19791 Wilhelm 
states that this continues to be a problem with resin-coated prints. 
[ 19921 

3 Included in this category are some early salted paper prints, some 
commercial proof prints and "stabilization-processed" prints. Some calotype 
negatives are incompletely fixed and will fade if exposed to uninterrupted 
exhibition illumination. 
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- Monochrome and c o l o u r  p r i n t s  have f r e q u e n t l y  been h e i g h t e n e d ,  s p o t t e d  o r  
p a i n t e d  o v e r a l l  w i t h  a v a r i e t y  of media. These may c o n s t i t u t e  t h e  most 
f u g i t i v e  components of  a p r i n t .  Note t h a t  t h e  b l a c k  c o l o u r  of  a p a i n t  
o r  i n k  is no g u a r a n t e e  of i ts  permanence; i t  may be composed of s e v e r a l  
f u g i t i v e  c o l o r a n t s .  

- Pho tographe r s  f r e q u e n t l y  c o a t e d  t h e i r  p r i n t s  w i t h  waxes i n  t h e  1 9 3 0 ' s  
and 1940 ' s .  Most pre-1988 black-and-white P o l a r o i d  p r i n t s  a re  
s t a b i l i z e d  w i t h  a p r o p r i e t a r y  c o a t i n g .  [Wilhelm, 19921 The l i g h t  
s t a b i l i t y  of t h e s e  and o t h e r  o r g a n i c  c o a t i n g s  used on p r i n t s  are n o t  
wel l  c h a r a c t e r i z e d  i n  t h e  l i t e r a t u r e  of pho tograph ic  c o n s e r v a t i o n .  

No twi ths t and ing  a l l  t h e  f o r e g o i n g  p o s s i b i l i t i e s  of l i g h t - i n d u c e d  damage, most 
photographs which are l e n t  and d i s p l a y e d  f a c e  t h e  grea tes t  r i s k  th rough  agents 
o t h e r  t h a n  l i g h t .  An i ncomple t e  list of t h e s e  f a c t o r s  i n c l u d e s :  

- ex t r emes  of t e m p e r a t u r e  producing extremes of  r e l a t i v e  humid i ty  i n s i d e  

- c y c l i n g  o r  extreme r e l a t i v e  humidi ty  l e v e l s ;  
- poor h a n d l i n g  and a c c i d e n t s ;  
- exposure  t o  environment a1 po  I l u t  a n t  s ; 
- t h e f t  and vandal ism.  

c l o s e d  packages;  

D e n s i t o m e t r i c  s t u d i e s  of d i s p l a y e d  pho tographs  

P r e s e n t e d  f i r s t  a r e  t h e  c u r r e n t  ( J u n e  1992) r e s u l t s  of ongoing l i g h t  exposure 
s t u d i e s  unde r  c o n d i t i o n s  which resemble t h o s e  of museum d i s p l a y .  Some 
a d d i t i o n a l  dat.a is drawn from d e n s i t o m e t r i c  r e c o r d s  of p r i n t s  be long ing  t o  t h e  
N a t i o n a l  G a l l e r y  of Canada which have been e x h i b i t e d  o v e r  t h e  p a s t  s e v e r a l  
y e a r s .  

Densi tometry h a s  been c a r r i e d  o u t  a c c o r d i n g  t o  Wilhelm's  methods excep t  t h a t  
S t a t u s  A f i l t e r s  a r e  used  r a t h e r  t h a n  Flratten f i l t e r s .  119811 A Macbeth TR924 
d e n s i t o m e t e r  measuring a 4 mm. d i a m e t e r  area was used t o  make a l l  r e a d i n g s .  
Readings a r e  a c c u r a t e  t o  t 0.02 d e n s i t y  u n i t s  ( D U ) .  D i f f e r e n c e s  between 
r e a d i n g s  of  0.03 DU4 o r  l e s s  a r e  n o t  c o n s i d e r e d  s i g n i f i c a n t .  

Visual,  r e d ,  g r e e n  and b l u e  d e n s i t i e s  have been r eco rded  f o r  a l l  p r i n t s  
s t u d i e d .  Blue f i l t e r  d e n s i t y  o n l y  i s  r e p o r t e d  f o r  monochrome p r i n t s ,  t h i s  
being t h e  most s e n s i t i v e  measure of  changes i n  t h e s e  p r i n t s .  Red, green and 
b l u e  f i l t e r  d e n s i t i e s  a r e  r e p o r t e d  f o r  c o l o u r  p r i n t s .  

I n  t h e  l i g h t  exposure  s t u d y ,  t h e  p r i n t s  have been ma t t ed  and framed under  Rohm 
6 Haas P l e x i g l a s  G (UF-I f i l t r a t i o n  r a t i n g )  and hung i n  a room where they  
e x p e r i e n c e  a t e m p e r a t u r e  of 22 t lac and r e l a t i v e  humidi ty  of 46 t 5% s u p p l i e d  
bv a museum air-  h a n d l i n g  system equipped w i t h  p a r t i c u l a t e  f i l t r a t i o n  and water 
sc rubb ing .  They are  c o n s t a n t l y  exposed t o  t u n g s t e n  i n c a n d e s c e n t  i l l u m i n a t i o n  
which vari6.s from 105 lux  t o  130 lux .  T h i s  r e p r e s e n t s  some 800 klux-hours  of 
cumula t ive  exposure  t o  d a t e .  The p r i n t s  s t u d i e d  have been a c q u i r e d  by t h e  
a u t h o r  o r  by t h e  N a t i o n a l  G a l l e r y  of Canada f o r  expe r imen ta l  pu rposes .  A 

4 i ( O . 0 2 2  -1- 0.022) 
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s e l e c t i o n  of t h e  r e s u l t s  are shown i n  Figures  1-7. 

Of the  g e l a t i n - s i l v e r  p r i n t s  monitored, t he  p r i n t  by t h e  Schaul S tudio  (F ig .  
2 )  showed some t r a n s i t o r y  yellowing i n  one of t h e  shadow a r e a s  monitored. The 
A l i n a r i  S tudio  p r i n t  ( F i g .  1)  and the  Azo paper s t e p  s c a l e  ( F i g .  3 )  show no 
changes. 

F igures  4 and 5 each show the  r e s u l t s  of exposure of a p a i r  of albumen p r i n t s  
p r i n t e d  from t h e  same negat ive ,  one r e l a t i v e l y  faded compared t o  the  o the r .  
One of t h e  "unfaded" p r i n t s  shows some yellowing i n  t h e  shadow a r e a  monitored. 
The modern s t e p  s c a l e  albumen p r i n t  ( F i g .  6 )  shows some yellowjng i n  t he  
h igher  d e n s i t y  end of t h e  s c a l e .  Examination of t h e  graph may suggest  t h a t  
p ropor t iona l  yellowing i s  t ak ing  p lace  a t  lower dens i ty  s t e p s  but t h a t  these  
have not y e t  reached t h e  0.03 DU s i g n i f i c a n t  d i f f e r e n c e  l e v e l .  

The Ektacolor  p r i n t ,  p r i n t e d  from a negat ive  i n  1987, con ta ins  va r ious  co lour  
patches and a grey  s c a l e .  Presented i n  Figure 7 a r e  the  red d e n s i t y  p r o f i l e s  
of two cyan pa tches ,  green dens i ty  from magenta pa tches  and blue dens i ty  from 
yellow patches.  The p r i n t  shows t r a n s i t o r y  yellowing of t h e  yellow patch 
shown he re  and of similar high dens i ty  co lour  patches.  Af t e r  800 klux-hours 
of exposure over 10 months t h e  cyan dye l o s s  has  become s i g n i f i c a n t .  

F igures  8-15 present  dens i tomet r ic  d a t a  gathered during ac tua l  exhi.bit ion and 
loan experience.  These p r i n t s  a r e  from the  c o l l e c t i o n s  of t he  National 
Gal le ry  of Canada. In  gene ra l ,  they have experienced l e s s  t-han 5 percent  of 
t he  t o t a l  exposure used i n  the  preceding examples. They a r e  matted,  framed 
and glazed as descr ibed  above. Temperature and r e l a t i v e  humidity condi t ions  
a r e  similar t o  t h o s e  descr ibed  above except f o r  t h e  L i s e t t e  Model p r i n t  ( F i g .  
1 4 )  which is p a r t  of a tou r ing  exh ib i t i on .  

The two p r i n t s  nade i n  the  1850's  ( F i g s .  8-9) were exh ib i t ed  f o r  a s h o r t  
per iod o f  time with i l l umina t ion  below 100 lux ,  They show no s i g n i f i c a n t  
changes al though i n  both cases  t h e  nominal dens i ty  readings have decreased 
s l i g h t l y .  

Figures  10-12 show examples of A t g e t ' s  p r i n c i p a l  p r i n t i n g  media: albumen, 
mat te  albumen and g e l a t i n  pr in t ing-out  paper.  A g a i n ,  no s i g n i f i c a n t  changes 
have been observed over  t h e  d i sp lay  per iod but  t he  nominal dens i ty  readings 
have decreased i n  the  shadow a r e a s  of t he  matte  albumen-silver p r i n t  (F ig .  11)  
and the  P.O.P. p r i n t  ( F i g .  1 2 ) .  

The coated Walker Evans p r i n t  ( F i g .  1 3 )  showed no s ign . i f i can t  changes during 
32  klux-hours of tungs ten  l i g h t  exposure. 

Figure 14  is t y p i c a l  of t h e  20 p r i n t s  which have been monitored over  t h e  
course of t he  L , i s e t t e  Model e x h i b i t i o n  tou r .  These pr in t . s  have beerr exposed 
t o  over  450 klux-hours of tungsten i l l umina t ion  as wel l  as t o  ex tens ive  
handl ing and t r ans i t  i n  r e l a t i v e l y  uncontrol led environments; during th i . s  time 
no dens i tomet r ic  changes have been noted. 

The dye-coupler p r i n t  (F ig .  15)  shows s i g n i f i c a n t  cyan dye l o s s  i n  a n e u t r a l  
tone image a r e a  a f t e r  10 weeks which included a 29 klux-hour exposure. 
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D i s c u s s i o n  

Viewed g e n e r a l l y ,  t h e  r e s u l t s  p r e s e n t e d  above i n d i c a t e  t h a t  many photographic  
p r i n t s  are  u n a f f e c t e d  by d i s p l a y  of l i m i t e d  d u r a t i o n  a t  t y p i c a l  museum 
i l l u m i n a t i o n  l e v e l s .  T h i s  should  n o t  come as a s u r p r i s e  s i n c e  most 
photographic  p r i n t  components are  remarkably l i g h t  s t a b l e  when compared t o  
m a t e r - i a l s  compris ing.  s a y ,  19th-century o i l  p a i n t i n g s  o r  w a t e r c o l o u r s .  

The yel lowing of t h e  g e l a t i n - s i l v e r  pr in t .  ! F i g .  2 1  is unusual but. n o t  
a b e r r a n t .  The s e n s i t i v i t y  o f  t h - i s  p r i n t  p o i n t s  o u t  t h e  r i s k s  of making 
g e n e r a l  s t a t e x e n t s  about  t h e  s t a b i l i t y  n f  p a r t  icu1a.r  prmcesses; each 
photographic  p r i n t  may e x h i b i t  un.iyue r e a c t i o n s  determined by i t s  unique 
h i s t o r y .  Other  g e l a t i n - s i l v e r  p r i n t s  ( F i g s .  1 ,  3 ,  12-14)  show no  s i g n i f i c a n t  
changes d u r i n g  d i s p l a y ;  t h e  p o s s i b l e  t r e n d  shown by t h e  P.O.P. p r i n t  ( F i g .  12)  
would be c u n s i s t e n t ,  i f  confirmed,  w i t h  t h e  great .er  tendency o f  p h o t o l y t i c  
s i l v e r  t o  be a f € e c t e d  by o x i d a t i v e - r e d u c t i v e  d e t e r i o r a t i o n  due t o  t-he h i g h e r  
s u r f a c e / m a s s  r a t i o  of  i ts p a r t i c l e s .  [ L s v e d r i n e ,  1991, p . 8 )  

The 19th-century s a l t  and albumen p r i n t s  shown i n  Figures  5 and 5-11 show no 
s i g n i f i c a n t  changes d u r i n g  d i s p l a y .  The l i g h t  s e n s i t i v i t y  o €  t h e  added 
m a t t i n g  a g e n t  in A t . g e t ' s  matte albumen p r i n t  ( F i g .  11) [ C a r t i e r - B r e s s o n ,  19871 
is not  w e l l  c h a r a c t e r i z e d .  The yel lowing i n  two o f  t h e  albumen p r i n t s  ( F i g s .  
4 and 6 )  may be r e l a t e d  t o  S e v e r s o n ' s  o b s e r v a t i o n  t h a t  albumen p r i n t s  i n  
e x c e l l e n t  i n i t i a l  c o n d i t i o n  tend  t o  l o s e  d e n s i t y  more r e a d i l y  t h a n  p r i n t s  i n  
i n f e r i o r  c o n d i t i o n .  [1986, pp.40-421 A l l  t h o s e  p r i n t s  which show t r e n d s  - as 
y e t  below t h e  s i g n i f i c a n c e  l e v e l  - should  be monitored c l o s e l y  at. t h e  t i m e  of 
t h e i r  next  e x h i b i t i o n  i n  o r d e r  t o  conf i rm o r  d i s c o u n t  t h e  i n d i c a t i o n s  of h i g h  
l i g h t  s e n s i t i v i t y .  

The ev idence  from t h e  dye-coupler  (chromogenicl  c o l o u r  p r i n t s  is v a r i a b l e .  
The t e s t  p r i n t  ( F i g .  7 )  shows a remarkable  d e g r e e  of l i g h t  s t a b i l i t y ,  cyan dye 
l o s s  o n l y  becoming ev ident  a f t e r  a r e l a t i v e l y  long p e r i o d ,  whi le  t h e  
e x h i b i t i o n  p r i n t  ( F i g .  15)  shows s u b s t a n t i a l  cyan dye l o s s  o v e r  a b r i e f  
p e r i o d .  S e v e r s o n ' s  d a t a  a l s o  shows wide v a r i a t i o n  between i n d i v i d u a l  p r i n t s ;  
h i s  sample  if26 shows no d e n s i t y  changes w h i l e  sample #27, by t h e  same a r t i s t  
and d a t e d  t o  t h e  sane year ,  shows a 10% l o s s  i n  one of t h e  dyes i n  a mid-tone 
area. [1986, p.411 

The photograph c o n s e r v a t i o n  1iterat .ure is c o n s i s t e n t  i n  i n d i c a t i n g  t h a t  dye- 
c o u p l e r  p r i n t s  f a d e  d u r i n g  d i s p l a y  but  o b s e r v a t i o n s  on t h e  n a t u r e  and r a t e  of 
t h e s e  changes v a r y  widely.  Wilhelm shows a 0.05 DU l o s s  i n  a cyan  shadow 
a r e a  of a 1970 ' s -v in tage  E k t a c o l o r  37RC p r i n t  exposed t o  some 5,000 klux-hours 
of minimally f i l t e r e d  d a y l i g h t  o v e r  a y e a r .  The average  dayt ime i l l u m i n a t i o n  
i n  t h i s  c a s e  is 1.3 k lux .  [Wilhelm, 1979, p.1201 I n  a subsequent  p u b l i c a t i o n  
Wilhelm shows 20% l o s s  of magenta dye (from 0.60 DU) i n  an E k t a c o l o r  P l u s  
p r i n t  a f t e r  a 23,300 klux-hour exposure u s i n g  a 21.5 k l u x  f l u o r e s c e n t  s o u r c e .  
[Schwalberg,  1990, p.441 Anderson and Larson c i t e  a c c e l e r a t e d  l i g h t  f a d i n g  
s t u d i e s  of E k t a c o l o r  74RC p r i n t s  u s i n g  a 5 . 4  k l u x  f l u o r e s c e n t  i l l u r n i n a n t  i n  
which a n  exposure of 2,600 klux-hours produces a 3% magenta dye l o s s  from a 
n e u t r a l  p a t c h  w i t h  an i n i t i a l  d e n s i t y  of 1.0 DU. [1987, p.531 I n  a s t u d y  
f o l l o w i n g  E k t a c o l o r  74RC p r i n t s  d i s p l a y e d  under  an average i l l u m i n a t i o n  of 214 
l u x  from mixed s o u r c e s ,  t h e y  i n d i c a t e  t h a t  t h e  5% cyan dye l o s s  observed  a f t e r  
4 years is due t o  d a r k  f a d i n g  r a t h e r  t h a n  t h e  r e s u l t  of l i g h t  exposure.  T h i s  
phenomenon is a l s o  noted  i n  t h e  o l d e r  E k t a c o l o r  78RC paper.  [Anderson, 1987, 
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What of changes not. observable using densitometry? These include changes 
below the threshold sensitivity of the densitonietcr and changes such as 
embrittlement and cracking which are not measured by a densitometer. 

Instrument insensitivity is a real problem, particularly for observi.ns changes 
in low density areas. The best. a conservator can do is to be aware of 
potential fading trends and treat these suspect objects cautiously. Highel. 
sensitivity for print monitoring could be achieved with colorimetry using a 
UV/Visible spectrophotometer or with digitally based electronic imaging. These 
technologies may eventually replace densitometry but this will prove n 
difficult changeover for those of us who have invested heavily in 
densitometric monitoring programs, 

A s  for changes which are not quantifiable us ing  available instrumentat.ion, the 
acute visual memory of a conservator or curator is the ultimate record. 

Conclusions and guidelines 

The significant changes observed by Severson after some 150 klux-hours 
exposure during a one-venue tour must make institutional comer vators cautj.ous 
in specifying display conditions for photographic prints in their collections. 
However, neither Severson's data nor those presented here suggest that ALL 
photographs are damaged by display. On the contrary, some photographic prints 
appear to have superior light-fastness to all other two-dimensional pic torial 
media. 

Reliance on institutional or departmental standard policies allows politics t o  
play too predominant a role in this regard, ignoring t.he particular 
characteristics of a print. Even generalizations about photographic processes 
can be misleading or mistaken in particular cases. 1lluminati.ng all 
photographs at 50 lux will critically degrade the visibility of some images 
for all viewers and will degrade the visibility of  all images for some 
viewers, particularly those over 50 years of age. Standard time limits on the 
length of loan or the number of venues allowable for loan ignore the 
variability in the quality of illumination and other environmental factors to 
which a travelling exhibit will be exposed. These are the factors which 
conservators must understand and evaluate in order to make meaningful 
recommendations. Michalski says that "...conservators could drop the role of 
<<lighting police>> and instead become expert counsel, if they are expert." 
[1990b, p.5861 

For photograph conservators, becoming expert and maintaining that status 
includes the implementation of a reliable, well calibrated monitoring program, 
using a densitometer o r  another colour measuring device. This will allow the 
creation of an object-level record of display, storage and colour change 
history. This data is required if informed and confident recommendations are 
to be made. Supplementing this is any information known (or guessed) about. 
the processing treatments used to produce a particular print. 

Prior to the collection of colour change data it may be advisable to initially 
recommend only limited exposure, say 30 klux-hours, for "suspect" material 
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such as dye-coupler  p r i n t s ,  e a r l y  s a l t e d - p a p e r  p r i n t s ,  cyano types ,  p a i n t e d  
p r i n t s  o r  p r i s t i n e  albumen p r i n t s .  Loan agreements  f o r  t h i s  t y p e  of  un- 
c h a r a c t e r i s e d  p r i n t  might be des igned  t o  p r o v i d e  f o r  e x t e n s i o n  of t h e  l o a n  
c o n d i t i o n a l  on m o n i t o r i n g  of t h e  p r i n t  a t  i t s  home i n s t i t u t i o n  a f t e r  one o r  
more venues i n  a t r a v e l l i n g  e x h i b i t i o n .  

A l l  p r i n t s  s h o u l d  be monitored immediately on r e t u r n  from d i s p l a y  and a g a i n  
b e f o r e  subsequen t  d i s p l a y  i n  o r d e r  t o  de t e rmine  c o l o u r  changes t h a t  are 
independent  of  l i g h t  exposure.  T h i s  is p a r t i c u l a r l y  i m p o r t a n t  f o r  c o l o u r  
photographs.  

M a t e r i a l  t h a t  h a s  been r eco rded  as hav ing  undergone s u b s t a n t i a l  c o l o u r  change 
d u r i n g  d i s p l a y  shou ld  be  r ega rded  as l i g h t  s e n s i t i v e  and recommendations for-  
subsequent  d i s p l a y  ( o r  r e s t r i c t i o n )  shou ld  e x p l i c i t l y  s t a t e  t h e  l o s s e s  
p r e d i c t e d  f o r  a g i v e n  exposure .  This is a n ~ c h  more e f f e c t i v e  s t r a t e g y  f o r  
p r o t e c t i o n  of s e n s i t i v e  images t h a n  b l a n k e t  p r o h i b i t i o n s .  Exposure l eve l s  f o r  
s e n s i t i . v e  o b j e c t s  can  be d r a s t i c a l l v  reduced by i n s t a l l a t i o n  of s i m p l e  vicwer- 
operat ,cd c u r t a i n s  o r  a u t o m a t i c  l i g h t  c o n t r o l s .  

M a t e r i a l  t h a t  h a s  shown i t s e l f  t o  be l i g h t  s t a b l e  s h o u l d  he f avoured  w i t h  
h i g h e r  i l l u m i n a t i o n  ( t o  a limit o f ,  s a y ,  300 l ux )  and w i t h  l o n g e r  d i s p l a y  
p e r i o d s ,  where r e q u e s t e d .  

I n  a l l  c a e s :  
- i l  lunrinat .  i o n  shou ld  be e x c l u s i v e l y  t u n g s t e n  i n c a n d e s c e n t ;  
- g l a z i n g  s h o u l d  be UV-f i l t e r ing  a c r y l i c  sheet . ;  
- p r i n t s  s h o u l d  be  r e l i a b l y  a t t a c h e d  t o  mats made of h i g h  a l p h a  

- r i g i d  p l a s t i c  back ings  s h o u l d  he  i n s t a l l e d  behind mats; 
- g l a z i n g ;  ma t /back ing  packages shou ld  be seal.ed around t h e  p e r i n e t e r  

w i t h  a r e l i a b l e  a d h e s i v e  t a p e  b e f o r e  f r aming ;  
- f rames shou ld  be s t r o n g  enough t o  f u l l y  s u p p o r t  t h e  weight  of t h e  

packages which they  c o n t a i n ;  
- rooms r e c e i v i n g  pho tographs ,  i n c l u d i n g  s t o r a g e  v a u l t s  and g a l l e r i e s ,  

s h o u l d  have s t a b l e  t empera tu re  ( 2  2 ° C )  and r e l a t i v e  humidi ty  ( 2  
6 % ) ;  a i r  f i l t r a t i o n  and c l e a n i n g  equipment s h o u l d  be  o p e r a t i n g ,  
e s p e c i a l l y  i n  c i t i e s  where a i r  p o l l u t a n t  l e v e l s  a r e  h i g h ;  

works of a r t ;  i n t r o d u c t i o n  of  works of a r t  i n t o  g a l l e r i e s  shou ld  
beg in  o n l y  when a l l  r 'efurbishment  work is t e r m i n a t e d ;  alkyd-based 
p a i n t s  shou ld  no t  be used i n  e x h i b i t i o n  g a l l e r i e s ;  

opening h o u r s ;  sna l l  framed works shou ld  be a t t a c h e d  t o  t h e  wal l s  
w i t h  s e c u r i t y  c l i p s ;  

- f o r  t r a v e l l i n g  e x h i b i t i o n s ,  c r a t e s  s h o u l d  a1 low v e r t . i c a 1  placement of 
f rames .in padded s l o t s ,  s h o u l d  sea l  well when c l o s e d  and shou ld  
c o n t a i n  a maximum amount of hygroscop ic  m a t e r i a l  ; 

c r a t e s  shou ld  be f u l l y  t e m p e r a t u r e  a c c l i m a t i z e d  a t  t h e i r  
d e s t i n a t i o n  b e f o r e  b e i n g  opened. 

c e l l u l o s e  c o n t e n t  c a r d b o a r d ;  

- i n s t a l l a t i o n  crews s h o u l d  be p r o f e s s i o n a l  and t r a i n e d  i n  h a n d l i n g  

- s e c u r i t y  s u r v e i l l a n c e  s h o u l d  be p r e s e n t  i n s i d e  t h e  g a l l e r i e s  d u r i n g  

- t r a n s i t  time i n  u n c o n t r o l l e d  environments  shou ld  be kept. t o  a minimum; 

I f  c o n s e r v a t o r s  base t h e i r  recommendations f o r  d i s p l a y  and l o a n  on a c c u r a t e  
o b s e r v a t i o n  and c a r e f u l  f o r e t h o u g h t ,  t h e  museum's c o l l e c t i o n s ,  as wel l  as  t h e  
museum's p u b l i c ,  w i l l  he  b e s t  s e r v e d .  
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