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PHOTO ENCLOSURES RESEARCH AND SPECIFICATIONS 

JAMES M .  R E I L L Y ,  DOUGLAS W .  N I S H I M U R A ,  LUIS PAVAO, AND 
P E T E R  Z .  ADELSTEIN 

E n c l o s u r e s  (encompass ing  s l e e v e s ,  e n v e l o p e s ,  f o l d e r s ,  boxes  
and f i l e  c a b i n e t s ) ,  a s  w e l l  a s  i n k s  and a d h e s i v e s ,  a r e  an  
i m p o r t a n t  a s p e c t  o f  t h e  mic roenv i ronmen t  o f  p h o t o g r a p h i c  
m a t e r i a l s  i n  s t o r a g e .  T h i s  p r e s e n t a t i o n  w i l l  r e v i e w  t h e  
p o s s i b i l i t i e s  f o r  ha rmfu l  c h e m i c a l  and p h y s i c a l  i n t e r a c t i o n s  
between p r o c e s s e d  p h o t o g r a p h s  and t he i r  s t o r a g e  and d i s p l a y  
m a t e r i a l s .  R e l e v a n t  ANSI S t a n d a r d s  w i l l  be d i s c u s s e d ,  t o g e t h e r  
wi th  p r a c t i c a l  recommendat ions  f o r  a r c h i v i s t s  i n  s e l e c t i n g  
p h o t o g r a p h i c  e n c l o s u r e  m a t e r i a l s .  The newly-adopted ANSI 
Pho tograph ic  A c t i v i t y  T e s t ,  an  a c c e l e r a t e d  a g i n g  t e s t  deve loped  
a t  t h e  Image Permanence I n s t i t u t e ,  w i l l  b e  d e s c r i b e d  and 
examples of  i t s  u s e  p r e s e n t e d .  

HARMFUL EFFECTS O F  STORAGE ENCLOSURES 

The r o l e  o f  s t o r a g e  e n c l o s u r e s  i n  d i r e c t l y  c a u s i n g  
d e t e r i o r a t i o n  o f  p h o t o g r a p h i c  m a t e r i a l s  h a s  l o n g  been  
u n d e r e s t i m a t e d .  Beg inn ing  i n  t h e  1 8 4 0 ' s ,  p h o t o g r a p h e r s  s e e k i n g  
t o  u n d e r s t a n d  t h e  v a r i o u s  c a u s e s  of p r i n t  f a d i n g  t ended  t o  g i v e  
g r e a t e r  n o t i c e  t o  p rob lems  whose o n s e t  w a s  r a p i d  and whose 
symptoms were o b v i o u s  and a c u t e .  Thus i t  was t h a t  r e s i d u a l  hypo 
came t o  be r e g a r d e d  a s  t h e  most  i m p o r t a n t  c a u s e  o f  p r i n t  f a d i n g ,  
when i n  r e a l i t y  image o x i d a t i o n  was t h e  most  s e r i o u s  o v e r a l l  
problem. Image o x i d a t i o n  c a n  b e  caused  by  e i t h e r  a t m o s p h e r i c  
p o l l u t a n t s  o r  by  e n c l o s u r e s .  The l a t t e r  is  t h e  s u b j e c t  o f  t h i s  
pape r .  I t  was r e c o g n i z e d  i n  t h e  1 8 5 0 ' s  b y  Hardwich (1) and 
o t h e r s  t h a t  improper  mounting a d h e s i v e s  c a n  cause f a d i n g .  But 
a t  t h i s  e a r l y  d a t e ,  d i f f i c u l t i e s  from p a p e r s  and mount b o a r d s  
were n o t  r e c o g n i z e d ,  b e c a u s e  most  s u c h  p r o d u c t s  were of  
r e a s o n a b l e  q u a l i t y  a t  t h a t  t i m e ,  and b e c a u s e  o f  t h e  l o n g ,  s low 
t i m e  s c a l e  on which s u c h  ha rmfu l  e f f e c t s  a r e  m a n i f e s t e d .  

The i n t r o d u c t i o n  o f  h i g h l y  l i g n i f i e d  wood p u l p  b o a r d s  and 
p a p e r s  i n  t h e  l a t e r  1 9 t h  c e n t u r y  proved t o  b e  a s i g n i f i c a n t  
f a c t o r  i n  d e t e r i o r a t i o n  o f  s i l v e r  images.  Two examples  which 
s t a n d  o u t  a s  e s p e c i a l l y  i m p o r t a n t  a r e  t h e  e n v e l o p e s  and o r i g i n a l  
s a l e s  boxes  used t o  s t o r e  g e l a t i n  d r y  p l a t e s ,  and t h e  mounts  and 
album c o n s t r u c t i o n s  u s e d  w i t h  p r i n t  m a t e r i a l s .  Both t h e s e  a r e  
i n s t a n c e s  where c l o s e  c o n t a c t  w i t h  impure p a p e r s  h a s  r e s u l t e d  i n  
i nnumerab le  c a s e s  o f  d e t e r i o r a t i o n .  The symptoms t y p i c a l l y  s e e n  
a r e  o v e r a l l  f a d i n g ,  h i g h l i g h t  d e t a i l  l o s s ,  s i l v e r  m i r r o r i n g ,  and 
d i s c o l o r a t i o n  o f  image s i l v e r  from b l a c k  t o  ye l lowish-brown -- 
i n d e e d ,  a l l  t h e  common m a n i f e s t a t i o n s  o f  o x i d a t i v e  a t t a c k  on 
b l a c k  and w h i t e  p h o t o g r a p h s .  O f t e n  c o n t a c t  w i t h  s u c h  h i g h l y  
l i g n i f i e d  m a t e r i a l s  r e s u l t s  i n  s t a i n i n g  of non-image areas.  



G l u e  seams are  f r e q u e n t l y  a r e a s  o f  p a r t i c u l a r l y  s e v e r e  a t t a c k .  
I t  s h o u l d  a l s o  b e  no ted  t h a t  ha rmfu l  i n t e r a c t i o n s  c a n  occur  b o t h  
by d i r e c t  c o n t a c t  o r  t h r o u g h  t h e  vapor  p h a s e .  

I t  is  d i f f i c u l t  t o  d e t e r m i n e  e i t h e r  i n  g e n e r a l  o r  i n  any 
s p e c i f i c  c a s e  j u s t  how much c o n t r i b u t i o n  t o  d e t e r i o r a t i o n  h a s  
been  n a d e  by  i n a p p r o p r i a t e  e n c l o s u r e s .  Many o f  t h e  same 
symptoms c a n  b e  c a u s e d  by o t h e r  s o u r c e s  of  o x i d a t i v e  a t t a c k .  
The l i f e  of  a pho tograph  i n  s t o r a g e  is  v e r y  l o n g  and s u b j e c t  t o  
many i n f l u e n c e s  -- g e n e r a l  e n v i r o n m e n t a l  c o n d i t i o n s  a lways  a c t  
t o g e t h e r  w i t h  t h e  a s p e c t s  o f  t h e  m i c r o c l i m a t e  c o n t r i b u t e d  by 
e n c l o s u r e  m a t e r i a l s .  Moreover ,  t h e r e  h a s  n o t  been  a l o n g  
h i s t o r y  of  u s i n g  a c c e l e r a t e d  tes ts  t o  measu re  t h e  e f f e c t s  o f  
e n c l o s u r e s  on p h o t o g r a p h s ,  s o  i t  is  e a s y  t o  u n d e r s t a n d  why t h e i r  
r o l e  i n  d e t e r i o r a t i o n  h a s  been  u n d e r - r a t e d .  Pe rhaps  t h e  most  
s i g n i f i c a n t  b o o s t  t o  a w a r e n e s s  o f  e n c l o s u r e  q u a l i t y  came i n  t h e  
1 9 6 0 ' s  when i n f e r i o r  c a r d b o a r d  s t o r a g e  c a r t o n s  were shown t o  
c o n t r i b u t e  t o  t h e  f o r m a t i o n  o f  " redox b l e m i s h e s "  on m i c r o f i l m  
( 2 ) .  More r e c e n t  e v i d e n c e ,  some o f  which is  p r e s e n t e d  i n  t h i s  
p a p e r ,  s u g g e s t s  t h a t  t h e  ha rmfu l  e f f e c t s  o f  e n c l o s u r e s  c a n  b e  
q u i t e  s e v e r e .  The problem f o r  con tempora ry  a r c h i v a l  manage r s  is 
how t o  s e l ec t  s t o r a g e  e n c l o s u r e s  which a r e  s a f e ,  f u n c t i o n a l ,  and 
c o s t - e f f e c t i v e .  

ENCLOSURE S T A N D A R D S  

S i n c e  t h e  1 9 5 0 ' s ,  a n  American N a t i o n a l  S t a n d a r d s  I n s t i t u t e  
(ANSI) S t a n d a r d  h a s  e x i s t e d  which c o v e r s  s p e c i f i c a t i o n s  f o r  
p h o t o g r a p h i c  s t o r a g e  m a t e r i a l s .  The c u r r e n t  s t a n d a r d  is ANSI 
PH1.53-1986, " P r o c e s s e d  F i l m s ,  P l a t e s ,  and P a p e r s  -- F i l i n g  
E n c l o s u r e s  and C o n t a i n e r s  f o r  S t o r a g e , "  ( T h i s  s t a n d a r d  is under  
r e v i s i o n  and w i l l  b e  r e - i s s u e d  a s  ANSI IT9.2 b e f o r e  t h e  end o f  
1988; i t  w i l l  b e  r e f e r r e d  t o  h e r e a f t e r  i n  t h i s  pape r  a s  I T 9 . 2 . )  
Among t h e  g e n e r a l  r e q u i r e m e n t s  a r e  t h a t  a l l  e n c l o s u r e s  s h o u l d  be 
f r ee  of  a c i d s ,  p e r o x i d e s ,  r e d u c i b l e  s u l f u r ,  and t h a t  t h e  s u r f a c e  
shou ld  n e i t h e r  b e  t o o  rough ( t o  s c r a t c h )  o r  t o o  smooth ( t o  c a u s e  
s t i c k i n g  o r  f e r r o t y p i n g ) .  A l l  s h o u l d  be c h e m i c a l l y  s t a b l e ,  and 
e v e r y  e n c l o s u r e  m u s t  p a s s  a n  a c c e l e r a t e d  a g i n g  t e s t  known a s  t h e  
" P h o t o g r a p h i c  A c t i v i t y  T e s t  ( P . A . T . )  .I1 T h i s  t e s t  a t t e m p t s  t o  
e m p i r i c a l l y  d e t e r m i n e  whe the r  t h e r e  w i l l  b e  c h e m i c a l  i n t e r a c t i o n  
between a p h o t o g r a p h  and i t s  e n c l o s u r e  o v e r  i t s  s t o r a g e  
1 i f e t  i m e .  

A N S I  IT9.2 r e p r e s e n t s  t h e  b e s t  t h i n k i n g  of  t h e  p h o t o g r a p h i c  
i n d u s t r y ,  e n c l o s u r e  m a n u f a c t u r e r s ,  government  a g e n c i e s ,  and 
consumers on t h e  q u e s t i o n  o f  e n c l o s u r e  q u a l i t y .  S u i t a b l e  
p l a s t i c s  f o r  e n c l o s u r e  u s e  i n c l u d e  uncoa ted  p o l y e s t e r  
( p o l y e t h y l e n e  t e r e p h t h a l a t e ) ,  p o l y e t h y l e n e ,  and p o l y p r o p y l e n e .  
C h l o r i n a t e d  s h e e t i n g  s u c h  a s  p o l y v i n y l  c h l o r i d e  (PVC) and 
n i t r a t e d  p l a s t i c s  a r e  p r o h i b i t e d .  Paper  f o r  u s e  w i t h  b lack-and-  
w h i t e  p h o t o g r a p h s  s h o u l d  c o n t a i n  a t  l e a s t  87% a l p h a  c e l l u l o s e ,  
and have  an a l k a l i n e  r e s e r v e  o f  a t  l e a s t  2 %  molar  e q u i v a l e n t  o f  
c a l c i u m  c a r b o n a t e ,  w i t h  a pH be tween 7 . 2  and 9.5.  For u s e  w i t h  
c o l o r  p h o t o g r a p h s ,  t h e  a l k a l i n e  r e s e r v e  r e q u i r e m e n t  d o e s  n o t  
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apply ,  and t h e  pH s h o u l d  be b e t w e e n  7 . 0  and 7 .5 .  Any p r i n t i n g  
i n k s  used s h o u l d  n o t  b l e e d  o r  t r a n s f e r ,  n o r  a f f e c t  t h e  image o f  
t h e  pho tograph .  

Apar t  from t h e s e  g u i d e l i n e s ,  t h e  main  a s s u r a n c e  o f  
i n e r t n e s s  o f f e r e d  by A N S I  IT9.2 t o  a r c h i v a l  consumers  comes from 
t h e  P h o t o g r a p h i c  A c t i v i t y  T e s t .  P r i o r  t o  1 9 8 8 ,  t h e  P.A.T. 
p rocedure  a l lowed  f o r  v a r y i n g  t y p e s  o f  p h o t o g r a p h s  t o  b e  
u t i l i z e d  a s  t h e  " d e t e c t o r "  o f  ha rmfu l  i n f l u e n c e s .  For  example ,  
i f  m i c r o f i l m  e n c l o s u r e s  were under  c o n s i d e r a t i o n ,  t h e n  samples  
of p r o c e s s e d  m i c r o f i l m  were t o  b e  used i n  t h e  tes t .  I n c u b a t i o n  
c o n d i t i o n s  were 30 d a y s  a t  50  Deg C ,  86% RH.  The ANSI 
Subcommittee r e c o g n i z e d  t h a t  t h i s  method had s e r i o u s  
shor tcomings  ( i t  l a c k e d  s e n s i t i v i t y ,  depend ing  on t h e  d e t e c t o r  
chosen) and i n  1983 r e q u e s t e d  t h a t  I P I  u n d e r t a k e  more research 
t o  improve t h e  t es t .  With f u n d i n g  from t h e  N a t i o n a l  Museum A c t ,  
t h e  N a t i o n a l  Endowment f o r  t h e  Humani t i e s ,  and t h e  N a t i o n a l  
H i s t o r i c a l  P u b l i c a t i o n s  and Records  Commission, n e a r l y  f i v e  
yea r s  of r e s e a r c h  a t  t h e  Image Permanence I n s t i t u t e  h a s  r e s u l t e d  
i n  a g r e a t l y  improved t e s t  p r o c e d u r e .  

ENCLOSURES RESEARCH AT THE IMAGE PERMANENCE INSTITUTE 

The most  i m p o r t a n t  f e a t u r e  o f  t h e  improved P h o t o g r a p h i c  
A c t i v i t y  T e s t  is  t h e  u s e  o f  two s t a n d a r d i z e d  " d e t e c t o r s "  f o r  
harmful c h e m i c a l  i n t e r a c t i o n s .  One d e t e c t o r  measures t h e  
tendency of  e n c l o s u r e s  t o  r e a c t  w i t h  s i l v e r  images and c a u s e  
fad ing .  The o t h e r  m e a s u r e s  t h e  t e n d e n c y  o f  t h e  e n c l o s u r e  t o  
s t a i n  g e l a t i n .  These two d e t e c t o r s  a r e  i n c u b a t e d  i n  
c o n t a c t  w i t h  t h e  m a t e r i a l  t o  b e  t e s t e d ;  a t  t h e  same t i m e ,  a 
c o n t r o l  e n c l o s u r e  o f  known p u r i t y  i s  a l s o  i n c u b a t e d  w i t h  s i m i l a r  
d e t e c t o r s .  A f t e r  t h e  t es t  p e r i o d  is o v e r ,  t h e  amount o f  o v e r a l l  
f ad ing ,  s t a i n i n g ,  and m o t t l i n g  (uneven ,  b l o t c h y  f a d i n g )  caused  
i n  t h e  d e t e c t o r s  b y  t h e  e n c l o s u r e  is  compared w i t h  t h a t  obse rved  
i n  t h e  c o n t r o l .  Q u a n t i t a t i v e  measurement  o f  f a d i n g  and s t a i n i n g  
is  o b t a i n e d  by making b l u e  f i l t e r  r e f l e c t i o n  and t r a n s m i s s i o n  
d e n s i t y  measurements  b e f o r e  and a f t e r  i n c u b a t i o n ,  and t h e n  
c a l c u l a t i n g  d e n s i t y  c h a n g e s .  P a s s / f a i l  c r i t e r i a  f o r  f a d i n g  and 
s t a i n i n g  a r e  b a s e d  on t h e s e  measured d e n s i t y  c h a n g e s ,  w h i l e  
m o t t l i n g  is  e v a l u a t e d  by v i s u a l  i n s p e c t i o n  o f  t h e  f a d e  d e t e c t o r  
samples.  

Detec tor  of  Imase Fadincr 

The f a d i n g  d e t e c t o r  used i n  t h e  improved P.A.T.  c o n s i s t s  o f  
very s m a l l ,  round p a r t i c l e s  o f  s i l v e r  d i s p e r s e d  i n  a g e l a t i n  
l a y e r  c o a t e d  on p o l y e s t e r  f i l m  base. Such c o a t i n g s  have  been  
r e f e r r e d  t o  a s  "Carey  L e a  s i l v e r "  ( a f t e r  t h e  1 9 t h - c e n t u r y  
s c i e n t i s t  who f i r s t  d e s c r i b e d  t h e i r  p r o p e r t i e s ) ,  o r  s i m p l y  a s  
" c o l l o i d a l  s i l v e r . "  The u s e  o f  c o l l o i d a l  s i l v e r  c o a t i n g s  o f  
t h i s  t y p e  t o  e v a l u a t e  impure s t o r a g e  a t m o s p h e r e s  and e n c l o s u r e s  
was f i r s t  s u g g e s t e d  by E d i t h  Weyde o f  Agfa i n  1 9 7 2  ( 3 ) ,  though 
no p r a c t i c a l  d e t a i l s  o f  how t o  e v a l u a t e  e n c l o s u r e s  were o f f e r e d .  



The e s s e n t i a l  f e a t u r e s  o f  t h e s e  c o a t i n g s  which make them 
s u i t a b l e  f o r  t h e  P.A.T. a r e  t h e  smal l  p a r t i c l e  s i z e  and t h e  f a c t  
t h a t  t h e y  a r e  on an  impermeable  s u p p o r t ,  s o  t h a t  i m p u r i t i e s  
m i g r a t i n g  from t h e  e n c l o s u r e  remain  c o n c e n t r a t e d  i n  t h e  emul s ion  
l a y e r .  C o l l o i d a l  s i l v e r  c o a t i n g s  a r e  c o n s i d e r a b l y  more 
s e n s i t i v e  t o  ha rmfu l  c h e m i c a l  i n t e r a c t i o n s  t h a n  many o t h e r  t y p e s  
of  s i l v e r  p h o t o g r a p h i c  images (4), and t h e r e f o r e  a r e  i d e a l l y  
s u i t e d  t o  be d e t e c t o r s  i n  t h e  P . A . T .  

D e t e c t o r  of  S t a i n i n s  Tendency 

S t a i n i n g  r e a c t i o n s  be tween e n c l o s u r e s  and g e l a t i n  a r e  
s i g n i f i c a n t  i n  p r a c t i c e .  The improved P.A.T. u t i l i z e s  a 
premium-grade f i b e r - b a s e  p h o t o g r a p h i c  p r i n t  m a t e r i a l  a s  t h e  
d e t e c t o r  of  s t a i n s  c a u s e d  by  e n c l o s u r e s .  The p h o t o g r a p h i c  pape r  
is p r e p a r e d  f o r  u s e  i n  t h e  t e s t  b y  f i x i n g  and a r c h i v a l l y  washing 
( w i t h o u t  e x p o s u r e  o r  d e v e l o p m e n t ) ,  s o  t h a t  i t  c o n t a i n s  no s i l v e r  
image w h a t e v e r .  Any y e l l o w  s t a i n i n g  t h a t  o c c u r s  d u r i n g  
i n c u b a t i o n  a s  a r e s u l t  o f  c o n t a c t  w i t h  t h e  e n c l o s u r e  c a n  
t h e r e f o r e  be a s c r i b e d  t o  i n t e r a c t i o n  w i t h  g e l a t i n ,  n o t  s i l v e r .  
The e s s e n t i a l  f e a t u r e s  o f  a p h o t o g r a p h i c  p r i n t  p a p e r  f o r  u s e  a s  
a s t a i n  d e t e c t o r  i n  t h e  P.A.T.  a r e  a r e l a t i v e l y  t h i c k  b a r y t a  
l a y e r  and t h i c k  e m u l s i o n  l a y e r .  There a r e  s e v e r a l  b r a n d s  o f  
"premium" g r a d e  p a p e r s  on t h e  m a r k e t  which may be s u c c e s s f u l l y  
used .  

The T e s t  P r o c e d u r e  

R e a d e r s  a r e  d i r e c t e d  t o  ANSI IT9.2 f o r  a d e t a i l e d  a c c o u n t  
of  t h e  tes t  p r o c e d u r e  and e v a l u a t i o n  c r i t e r i a .  I n c u b a t i o n  i s  
c a r r i e d  o u t  a t  7 0  Deg C,  8 6 %  R H  f o r  1 5  d a y s .  E i t h e r  a 
t e m p e r a t u r e  h u m i d i t y  chamber o r  a d e s i c c a t o r  j a r  c o n t a i n i n g  a 
s a t u r a t e d  s o l u t i o n  o f  ba r ium c h l o r i d e  may be used t o  a t t a i n  t h e  
tes t  c o n d i t i o n s .  A l t e r n a t i n g  s t r i p s  2 X 1 2  c m  of  d e t e c t o r s  and 
e n c l o s u r e s  a r e  b u i l t  up i n  a "sandwich" under  a t o t a l  p r e s s u r e  
o f  5 g/cm2. The c o n t r o l  e n c l o s u r e  is Whatman #1 l a b o r a t o r y  
f i l t e r  p a p e r .  I n  d e v e l o p i n g  t h e  t e s t  method and p a s s / f a i l  
c r i t e r i a ,  t h e  Image Permanence I n s t i t u t e  performed o v e r  3 6 0  
t r i a l s  of  e n c l o s u r e  m a t e r i a l s .  With t h e  c o o p e r a t i o n  of  t h e  
N a t i o n a l  A r c h i v e s  and o t h e r  c o l l e c t i o n s ,  e n c l o s u r e s  which had 
a c t u a l l y  c a u s e d  problems i n  r e a l  world s t o r a g e  were used t o  
"benchmark" t h e  t e s t  r e s u l t s .  S e v e r a l  1 9 3 0 ' s  f o l d e r s  and a 
m i c r o f i l m  box which a p p a r e n t l y  c a u s e d  " redox b l e m i s h e s "  were 
among t h e  known ha rmfu l  m a t e r i a l s  employed. On t h e  o t h e r  hand,  
uncoa ted  p h o t o g r a p h i c  s u p p o r t  from Eastman Kodak C o . ,  Whatman 
chromatography p a p e r  and v a r i o u s  1 0 0 %  r a g  p a p e r s  o f  known p u r e  
c o m p o s i t i o n  were used t o  d e f i n e  a c c e p t a b l e  pe r fo rmance .  

The p a s s / f a i l  c r i t e r i a  a re  a s  f o l l o w s :  1) There  s h a l l  b e  
no r e a d i l y  v i s i b l e  m o t t l i n g  o f  t h e  c o l l o i d a l  s i l v e r  f a d i n g  
d e t e c t o r  s t r i p s .  2 )  The mean f a d i n g  ( c a l c u l a t e d  a s  i n i t i a l  
minus  f i n a l  d e n s i t y )  o f  t h e  e n c l o s u r e  b e i n g  t e s t e d  s h a l l  n o t  be 
g r e a t e r  t h a n  t h a t  o f  t h e  c o n t r o l s  p l u s  a s m a l l  " e r r o r  f a c t o r  



allowance" (which was e s t a b l i s h e d  a t  twice t h e  measured  s t a n d a r d  
d e v i a t i o n  of  t h e  c o n t r o l s ) .  3 )  The s t a i n i n g  c r i t e r i o n  a r e  t h a t  
t h e  e n c l o s u r e  s h a l l  n o t  c a u s e  a mean d e n s i t y  g a i n  i n  t h e  
s t a i n i n g  d e t e c t o r  any  l a r g e r  t h a n  t h a t  o f  t h e  c o n t r o l s  p l u s  0 .05  
b l u e  r e f l e c t i o n  d e n s i t y  u n i t s .  Here, t o o ,  a n  e r r o r  f a c t o r  
a l lowance is p r o v i d e d .  T h i s  0,05 d e n s i t y  u n i t s  a l l o w a n c e  was 
based on s u b j e c t i v e  v i s u a l  j udgmen t s  o f  s t a i n  a c c e p t a b i l i t y ,  
measurement e r r o r ,  and t h e  b e h a v i o r  o f  known a c c e p t a b l e  
p roduc t s .  

PRACTICAL APPLICATION OF THE NEW PHOTOGRAPHIC A C T I V I T Y  TEST 

To i l l u s t r a t e  t h e  u s e  o f  t h e  P.A.T. method i n  t h e  s e l e c t i o n  
of e n c l o s u r e s  f o r  u s e  i n  a r c h i v a l  c o l l e c t i o n s ,  a n  e x p e r i m e n t  was 
performed i n  which 9 0  d i f f e r e n t  e n c l o s u r e s  were e v a l u a t e d .  T h i s  
inc luded  66 c o m m e r c i a l l y  a v a i l a b l e  m a t e r i a l s  which c o u l d  b e  
cons ide red  " a r c h i v a l , "  n o t  b y  any  s t r i c t  s c i e n t i f i c  d e f i n i t i o n ,  
b u t  b e c a u s e  t h e y  were s o l d  by  s u p p l i e r s  s p e c i a l i z i n g  i n  t h i s  
l i n e  of  p r o d u c t s .  The 66 a r c h i v a l  m a t e r i a l s  i n c l u d e d  36 r a g  
boards ,  9 non-rag b o a r d s ,  and 2 1  p a p e r s ,  numbering among them 
i n t e r l e a v i n g  t i s s u e s ,  J a p a n e s e  r e p a i r  t i s s u e s ,  bar r ie r  p a p e r s ,  
enve lope  p a p e r s ,  g l a s s i n e s ,  and s l i p  s h e e t s ,  These m a t e r i a l s  
were o b t a i n e d  from a number o f  m a n u f a c t u r e r s  and d i s t r i b u t o r s  
and a r e  r e p r e s e n t a t i v e  o f  t h e  k i n d s  o f  p r o d u c t s  t h a t  m i g h t  b e  
used  i n  a r c h i v a l  c o l l e c t i o n s  i n  c o n t a c t  w i t h  pho tographs .  Also 
inc luded  were a number o f  known good and bad "benchmark" 
m a t e r i a l s  t o  p u t  t h e  pe r fo rmance  o f  t h e  a r c h i v a l  p r o d u c t s  i n  
p e r s p e c t i v e .  

The outcome o f  t h e  t es t  f o r  t h e  66 a r c h i v a l  p r o d u c t s  is  
g iven  i n  Table 1. T h i s  t a b l e  shows how many o f  t h e  p r o d u c t s  
f a i l e d  i n  e a c h  o f  t h e  t h r e e  p a s s / f a i l  c r i t e r i a .  O v e r a l l ,  29 
(44%) of  t h e  a r c h i v a l  p r o d u c t s  p a s s e d  t h e  P.A.T. The most  
common cause o f  p r o d u c t s  f a i l i n g  t h e  P.A.T. was m o t t l i n g  (uneven 
b l o t c h y  f a d i n g  o f  t h e  c o l l o i d a l  s i l v e r  d e t e c t o r ) .  Most o f  t h e s e  
f a i l e d  p r o d u c t s  were 2 o r  4 p l y  b o a r d s ,  I n  a l l ,  25  p r o d u c t s  
( 3 8 % )  f a i l e d  t h e  m o t t l i n g  c r i t e r i o n .  M o t t l i n g  r e p r e s e n t s  t h e  
p r e s e n c e  o f  l o c a l  " h o t  s p o t s "  o f  f a d i n g  and g e n e r a l l y  i n d i c a t e s  
inhomogenei ty  i n  a n  e n c l o s u r e  p r o d u c t .  

F i g u r e  1 shows a f r e q u e n c y  h i s t o g r a m  of  t h e  pe r fo rmance  of  
t h e  66 a r c h i v a l  p r o d u c t s  i n  t h e  f a d i n g  c r i t e r i o n .  The 
h o r i z o n t a l  a x i s  v a l u e s  a r e  t h e  mean f a d i n g  o f  t h e  p r o d u c t s  
r e l a t i v e  t o  t h e  f i l t e r  pape r  c o n t r o l s .  The p o s i t i v e  v a l u e s  on 
t h e  h o r i z o n t a l  a x i s  i n d i c a t e  less f a d i n g  t h a n  t h e  c o n t r o l s ,  
w h i l e  t h e  n e g a t i v e  v a l u e s  i n d i c a t e  more f a d i n g  t h a n  t h e  
c o n t r o l s .  The t a l l e s t  b a r  o f  t h e  h i s t o g r a m  o c c u r s  n e a r  0 . 0 0 ,  
meaning t h a t  mos t  p r o d u c t s  c a u s e d  a b o u t  t h e  same amount o f  
f a d i n g  a s  t h e  c o n t r o l s .  Note t h a t  t h e  d i s t r i b u t i o n  o f  f a d e  d a t a  
i s  a p p r o x i m a t e l y  no rma l ,  and t h a t  a number o f  p r o d u c t s  c a u s e d  
s i g n i f i c a n t l y  less f a d i n g  t h a n  t h e  c o n t r o l s .  T h i s  i s  a p p a r e n t l y  
because  some p r o d u c t s  c o n t a i n  s u b s t a n c e s  which have  a r e d u c i n g  
e f f ec t  on s i l v e r  i o n s ;  w e  d o  n o t  f u l l y  u n d e r s t a n d  t h i s  b e h a v i o r ,  
and do  n o t  u s e  i t  as  a b a s i s  f o r  r e j e c t i o n ,  b u t  w e  f e e l  i t  is 



g e n e r a l l y  u n d e s i r a b l e  i n  a p h o t o g r a p h i c  e n c l o s u r e .  O f t e n  
p r o d u c t s  which f a d e  much less t h a n  t h e  c o n t r o l s  a l s o  d e m o n s t r a t e  
a p r o p e n s i t y  f o r  heavy s t a i n i n g .  O v e r a l l ,  16  (24%) of t h e  
a r c h i v a l  p r o d u c t s  f a i l e d  t h e  f a d i n g  c r i t e r i o n .  

F i g u r e  2 shows a ' f r e q u e n c y  h i s t o g r a m  o f  s t a i n  d a t a  f o r  t h e  
66 a r c h i v a l  p r o d u c t s ,  The h o r i z o n t a l  a x i s  v a l u e s  a r e  t h e  
measured s t a i n  r e l a t i v e  t o  t h e  f i l t e r  pape r  c o n t r o l s .  None o f  
t h e  p r o d u c t s  s t a i n e d  less t h a n  t h e  c o n t r o l s ,  b u t  mos t  were less  
t h a n  0 . 0 5  l i m i t  f o r  p a s s a g e  o f  t h e  t e s t .  The m a j o r i t y  o f  
p r o d u c t s  s t a i n e d  j u s t  s l i g h t l y  more t h a n  f i l t e r  p a p e r ,  b u t  a few 
s t a i n e d  q u i t e  h e a v i l y ,  O v e r a l l ,  10 ( 1 5 % )  of t h e  a r c h i v a l  
p r o d u c t s  f a i l e d  t h e  s t a i n i n g  c r i t e r i o n .  

The r e s u l t s  o f  t h i s  e v a l u a t i o n  o f  66 commerc ia l ly  a v a i l a b l e  
a r c h i v a l  p r o d u c t s  h a v e  a n  i m p o r t a n t  l e s s o n  f o r  a r c h i v e  managers :  
Not a l l  e n c l o s u r e s  o f f e r e d  i n  t h e  m a r k e t p l a c e  a r e  s a f e  t o  u s e  
w i t h  p h o t o g r a p h s .  Vague d e s c r i p t o r s  s u c h  a s  " a c i d  f r e e "  (most  
of  t h e  f a i l e d  p r o d u c t s  were s o  d e s c r i b e d )  do  n o t  g u a r a n t e e  
i n e r t n e s s  toward p h o t o g r a p h s .  In  some cases, t h e  h i g h  p r i c e s  
p a i d  f o r  " a r c h i v a l "  e n c l o s u r e s  a re  a c t u a l l y  buy ing  m a t e r i a l s  
more ha rmfu l  t h a n  g r o c e r y  b a g s  o r  n e w s p r i n t .  I t  is e s s e n t i a l  
t h a t  consumers  o f  p h o t o g r a p h i c  e n c l o s u r e s  t a k e  s t e p s  t o  e n s u r e  
t h e  i n e r t n e s s  o f  t h e  a r c h i v a l  p r o d u c t s  t h e y  u s e  i n  c o l l e c t i o n s .  
By i n s i s t i n g  t h a t  e n c l o s u r e  m a n u f a c t u r e r s  d e m o n s t r a t e  compl i ance  
w i t h  A N S I  IT9.2,  and  s p e c i f i c a l l y  p a s s a g e  o f  t h e  P h o t o g r a p h i c  
A c t i v i t y  T e s t ,  t h e y  c a n  p r o v i d e  t h e m s e l v e s  w i t h  r e a s o n a b l e  
a s s u r a n c e  of  s a t i s f a c t o r y  pe r fo rmance .  

Pe r fo rmance  of  A r c h i v a l  - P r o d u c t s  - i n  P e r s p e c t i v e  .-- 

The pe r fo rmance  o f  t h e  66 a r c h i v a l  p r o d u c t s  c a n  be p u t  i n t o  
p e r s p e c t i v e  by  comparing them w i t h  t h e  b e h a v i o r  of  some o f  t h e  
known good and bad "benchmark" m a t e r i a l s .  T h i s  d a t a  i l l u s t r a t e s  
t h a t  by  and l a r g e ,  p h o t o g r a p h i c  e n c l o s u r e s  have  come a long  way 
from t h e  t r u l y  d r e a d f u l  m a t e r i a l s  t h a t  were s o  common i n  t h e  
p a s t .  For example ,  two 1 9 3 0 ' s  p o r t r a i t  s t u d i o  f o l d e r s ,  one  g r a y  
and t h e  o t h e r  d a r k  g r e e n ,  were t e s t e d .  The p r i n t s  i n s i d e  t h e s e  
f o l d e r s  showed f a d i n g  and m i r r o r i n g  where t h e y  had been  i n  
c o n t a c t  w i t h  t h e  overmat  p a r t  o f  t h e  f o l d e r .  Both f a i l e d  a l l  
t h r e e  P.A.T.  c r i t e r i a  b y  l a r g e  m a r g i n s .  The f a d i n g  t h e y  caused  
were among t h e  w o r s t  o f  a l l  90 ma te r i a l s .  T h e i r  s t a i n i n g  was 
a b o u t  7 t i m e s  t h e  maximum a c c e p t a b l e  l i m i t ,  and t h e y  were 
h e a v i l y  m o t t l e d .  

But i t  is a l s o  i m p o r t a n t  t o  n o t e  t h a t  t h e  f o u r t h  w o r s t  
f a d i n g  pe r fo rmance  o f  a l l  90 m a t e r i a l s  was g i v e n  by  a n  
" a r c h i v a l "  p r o d u c t ,  a 2-ply w h i t e  r a g  b o a r d .  Two o u t  o f  t h e  
t h r e e  J a p a n e s e  r e p a i r  t i s s u e s  t e s t e d  f a i l e d  t h e  f a d i n g  
c r i t e r i o n .  There  appea red  t o  be no d i f f e r e n c e  i n  p r o d u c t  
pe r fo rmance  r e l a t e d  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  c a r b o n a t e  
b u f f e r i n g ,  The i n t e r a c t i o n s  be tween p h o t o g r a p h i c  m a t e r i a l s  and 
e n c l o s u r e s  are  o b v i o u s l y  more complex and v a r i e d  t h a n  t h e  
commonly u s e d  a r c h i v a l  d e s c r i p t i o n s  s u c h  a s  "acid f r e e "  a l l o w  
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f o r .  An e m p i r i c a l  e v a l u a t i o n  s u c h  a s  t h e  P.A.T.  i s  a v i t a l  
check f o r  u n f o r e s e e n  ha rmfu l  e f f e c t s .  Al though i t  is  a 
demanding and r i g o r o u s  t e s t  method,  t h e r e  are numerous p r o d u c t s  
on t h e  m a r k e t  which meet i t s  r e q u i r e m e n t s  and a r e  d e m o n s t r a b l y  
s a f e  t o  u s e  i n  a r c h i v e s .  

P r a c t i c a l  Advice I i n  Choosing - P h o t o g r a p h i c  E n c l o s u r e s  

Some p r a c t i c a l  a d v i c e  t o  a r c h i v e  manage r s  i n  c h o o s i n g  
e n c l o s u r e s  a p p r o p r i a t e  f o r  p h o t o g r a p h i c  u s e :  

1. Choose p r o d u c t s  which e x p l i c i t l y  s t a t e  t h a t  t h e y  meet t h e  
r e q u i r e m e n t s  o f  ANSI IT9.2. 

2. Choose p r o d u c t s  which t h e  m a n u f a c t u r e r s  i d e n t i f y  a s  i n t e n d e d  
p r i m a r i l y  f o r  t h e  p h o t o g r a p h i c  a p p l i c a t i o n .  

3 .  Deal ,  i f  p o s s i b l e ,  w i t h  s u p p l i e r s  who a re  f a m i l i a r  w i t h  t h e  
s p e c i a l  n e e d s  of p h o t o g r a p h s .  

4 .  I n  t h e  a b s e n c e  o f  1, 2 ,  and 3 above ,  c h o o s e  r a g  pape r  and 
board p r o d u c t s .  

5. Avoid h i g h l y  c o l o r e d  p a p e r s  and b o a r d s ,  e s p e c i a l l y  b l a c k .  

CONCLUSION 

L i t t l e  i s  known a b o u t  t h e  s p e c i f i c  mechanisms b y  which 
p o o r - q u a l i t y  e n c l o s u r e  m a t e r i a l s  harm p h o t o g r a p h s .  The 
impor t ance  o f  e n c l o s u r e  q u a l i t y ,  however ,  i s  w e l l  e s t a b l i s h e d .  
S p e c i f i c a t i o n s  g i v e n  i n  A N S I  I T 9 . 2 ,  i n  p a r t i c u l a r  t h e  
P h o t o g r a p h i c  A c t i v i t y  T e s t ,  r e p r e s e n t  t h e  best  a s s u r a n c e  o f  
s a f e ,  i n e r t  e n c l o s u r e  m a t e r i a l s .  
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SUMMARY 

The p o t e n t i a l l y  h a r m f u l  e f f e c t s  o f  s t o r a g e  e n c l o s u r e  
m a t e r i a l s  and a d h e s i v e s  on p h o t o g r a p h s  a r e  rev iewed.  The 
s p e c i f i c a t i o n s  f o r  e n c l o s u r e s  p r o v i d e d  i n  A N S I  S t a n d a r d  IT9.2 
a r e  summarized. Recent  r e s e a r c h  a t  t h e  Image Permanence 
I n s t i t u t e  h a s  y i e l d e d  a g r e a t l y  improved a c c e l e r a t e d  t e s t  method 
t o  e v a l u a t e  e n c l o s u r e  q u a l i t y .  The r e s u l t s  o f  u s i n g  t h e  
improved " P h o t o g r a p h i c  A c t i v i t y  T e s t "  on 90 e n c l o s u r e  m a t e r i a l s ,  
i n c l u d i n g  66 a r c h i v a l  p r o d u c t s ,  a r e  g i v e n .  P rac t i ca l  g u i d e l i n e s  
f o r  a r c h i v a l  manage r s  on c h o o s i n g  p h o t o g r a p h i c  e n c l o s u r e s  a r e  
a l s o  g i v e n .  
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