CRISIS IN CELLULOID:
COLOR FADING AND FILM BASE
DETERIORATION
RICHARD HINCHA
ABSTRACT: The twin dilemma of film base deterioration and color fading
threaten the film collections of archives everywhere. The causes of these phenomena, rooted in past and present film industry practice, appear highly resistant to corrective measures. Current research has established procedures that can
only retard, not stop or reverse, the effects. Alternative film bases and imaging
systems, as presently constituted, exhibit technological or economic drawbacks
that render them unattractive. Without practical, cost-effective solutions to these
problems, the prognosis for film archives is grim.
Introduction
It is ironic that the popular perception of film archives as some sort of celluloid Valhalla may ultimately deprive these repositories of needed public support
as they face possibly the gravest film crisis ever. Recent well-publicized successes in film restoration and preservation have fostered a false sense of security in which the public views endangered films as only those that have not been
processed and stored in archival vaults. How shocked would most people be to
discover that archives and film studios are now locked in a desperate struggle to
save prints that already rest within their walls.
Until only a decade ago, archivists and filmmakers had expressed relatively
little concern over the durability and permanence of color motion picture film
emulsions and the film base itself. Recent investigation reveals how grievously
in error such thinking has been. As film studios pulled more and more original
negatives from storage in the 1970s to strike new prints, they found widespread
evidence of color fading in these negatives. Further examination confirmed that
such fading affected positive prints as well.
By the end of the decade, specialists estimated that the color values of an
average positive print had a maximum life expectancy of only twenty years.'
Martin Scorsese, director of the critical and commercial successes Taxi Driver
(1977) and Raging Bull (1979), declared that the situation had reached "a crisis
point and can no longer be ignored." 2 Scorsese, with the support of other influential names in the film industry, such as Star Wars producer Gary Kurtz,
launched a campaign to pressure film manufacturers and producers into developing solutions to this problem.
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Less than a decade after the discovery of the problem of color fading, evidence began to trickle in casting doubt on the stability of the film base itself.
Archivists and researchers raised alarming questions about the permanence of
cellulose triacetate film, commonly referred to as "safety film." Originally
introduced in 1951 to replace the inherently unstable cellulose nitrate film that
had been the industry standard, safety film was assumed for years by motion
picture engineers to be free of the shrinkage, warpage and final deterioration
that had plagued nitrate stock. Research and reports dating from the late 1980s
indicate that this judgment may have been premature.
A fuller understanding of this dilemma requires a sense of the history and
development of color processes and film stocks. It is equally important to consider the commercial ramifications of these technological developments, since
the motion picture industry has always been as much a business as an art.
The following analysis of color fading and film base deterioration will cite
examples primarily from Hollywood-produced films. This is due to the fact that
most researchers on these two subjects have close ties to the commercial film
industry. Because the majority of filmmakers in this country, commercial and
otherwise, depend on the same sources of raw stock and color processing, the
analysis and conclusions reached below are equally valid for all domestic products.
This paper will be restricted to 35mm and 16mm motion picture film and
bypass considerations of related materials, such as slides and print film.
Research into color fading and film base deterioration has focused exclusively
on motion picture film, and to extrapolate results obtained from one medium to
another may result in erroneous conclusions.
Early Color Film Processes
Color motion picture films can be created in one of three ways: (1)physically
adding color to the stock by tinting or toning it, (2) utilizing the additive theory
of color formation, (3) utilizing the subtractive theory of color formation.
Tinting and toning were two primitive methods of adding color to motion
pictures. Toning was the simpler of the two, making use of chemical compounds in processing to wash an entire segment of film in a single color. Tinting
applied dye to the film, either during processing or afterwards, and could reproduce more than a single color. A number of silent films, including Erich Von
Stroheim's Greed (1924) and Sergei Eisenstein's Battleship Potemkin (1925),
made use of the latter technique. Despite occasionally impressive scenes created
through tinting and toning, neither technique reproduced the colors that actually
existed before the camera, but added colors to black and white images.
The principle behind additive color formation is the combination of two primary colors to produce yet a third color. Creation of the full color spectrum
requires the presence of red, green and blue light. English physicist James Clerk
Maxwell demonstrated this technique with colored slides in 1861, thirty years
before a practical motion picture projector made its debut.
The first natural color film was produced just after the turn of the century by
English filmmakers George Urban and George Albert Smith. The two men
applied Clerk Maxwell's theory of additive color to a camera and projector system which equipped each machine with a rotating color filter wheel. The wheel,
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holding red and green filters, allowed black and white film to be exposed alternately to these two primary colors. A similarly equipped projector superimposed these two-color image frames on the screen. The process, named
Kinemacolor, was used on a number of British features and shorts through
World War I, and it spawned a host of less successful imitators, including an
3
early version of Technicolor and another domestic process called Prizma Color.
Despite its modest success, the additive color process remained a transitional
method. The early versions could not reproduce the full color spectrum.
Furthermore, the often imprecise rotation of the color filter wheel resulted in
lack of registration, a situation in which projected colors overlapped into areas
where they did not belong.
Not until 1914 did researchers develop the first subtractive method of color
cinematography. In this process, three negatives are photographed through red,
blue and green filters, but each positive is printed in a complementary color.
Because the resultant colors are produced by filtering out one or more colors,
the system is referred to as "subtractive." The first such process, Kodak's
Kodachrome method, used red and green filters in the camera to expose two
adjacent frames, one to each color. A special laboratory printer subsequently
allowed the red color record to be printed on one side of the positive release
print and the green image on the other side, thereby doing away with the registration problems that had plagued the additive systems.
A number of companies, including Technicolor, followed Kodak's lead into
subtractive systems. All of these early processes, however, were unable to
reproduce the color blue, necessary to complete the spectrum.
In 1932 Technicolor perfected a complete three-color system that set the standard for color cinematography for the next twenty years. Employing a complex
beam-splitting prism behind the camera lens and three negatives, the three-strip
Technicolor camera was only half of the system. Once exposed, the three separate black and white negatives, each containing a record of one of the three
complementary colors of the photographed scene, would be exposed to create
three printing masters, each dyed with the appropriate complementary color.
Positive prints for theatrical release would then be created by consecutively
pressing each dyed master into an emulsion blank on the release print. The dyes
were soaked into the blank, or "imbibed," while registration pins assured an
exact overlay of the three masters on the final release print. The end result was
stunningly rich, saturated hues. Most important, the process of soaking these
dyes into a gelatin blank seems to have assured lasting color. Available evidence indicates no fading has ever taken place in these imbibition dye-transfer
prints.
Technicolor's method of color cinematography and printing completely dominated color filmmaking in the 1930s and 1940s. Although the company processed only about seven percent of Hollywood's total feature output, that
amount accounted for approximately one-third of the industry's biggest and
most prestigious releases. By 1945, Technicolor was turning out4 ninety-seven
percent of all the professional color film developed In Hollywood.
Despite Technicolor's high quality and lasting color values, Eastman
Kodak's Eastman Color eventually displaced it. Perfected in 1949, Eastman
Color boasted a lower cost per foot in small volume orders and a relatively easy
processing method, two sizeable advantages during the film industry's business
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contraction of the 1950s. Small print orders became the norm as attendance fell
off in this period, and simplified laboratory processing allowed producers to
control their output rather than contract out to Technicolor. By 1954,
Technicolor's share of the professional color film processing market had
dropped to only sixty-one percent. In the next four years, the firm's portion levelled off at roughly fifty percent annually.'
As print orders continued to shrink in the 1960s and early 1970s, reflecting
Hollywood's continuing retrenchment, economics forced Technicolor to abandon its imbibition process. The last American imbibition prints were struck in
1975 and the dye transfer printing equipment was sold to China. 6 Eastman
Color, often released under various house names, became the new industry standard.
Dealing with the Legacy of Eastman Color
From an archival point of view, the industry changeover to Eastman Color
has proved disastrous. Thousands of reels of Eastman Color prints at archives
large and small have faded to red. These include such classic American productions as Nicholas
Ray's Rebel Without a Cause (1955) and Vincente Minnelli's
7
Gigi (1958).
Theoretically, new prints can be struck from the original negatives, and if a
negative itself has faded, it can be restored, provided it has not lost more than
50% to 60% of its original color values.' As a practical matter, however,
archives will rarely do this due to the expense involved. Laboratory costs for
striking a new color print of a two hour feature range from $3,000 to $5,000. 9 It
would be economically impossible for any archives to replace the majority of its
faded prints, at least at one time.
Instead, archives and studios are concentrating on monitoring older color
negatives for signs of fading, restoring those that are fading, and making new
positive prints on selected titles. From an economic vantage point, this piecemeal effort may be the only realistic approach to the problem.
Fading of negative and positive prints can be delayed, although not prevented, through proper storage. The control of temperature and humidity is the easiest and most cost effective method of retarding color fading. Ideally, color film
should be stored in hermetically sealed containers at 00 Fahrenheit or less with a
relative humidity between 15% and 30%. However, the high costs involved in
freezing film, and the lack of rapid access render maintenance of such conditions impractical. Storage conditions of 350 Fahrenheit and 15% to 30% relative
humidity are considerably more affordable and access is greatly improved. The
least expensive method of storage is maintenance of a temperature of 700
Fahrenheit and 50% relative humidity. These substantially higher levels of temperature and humidity, however, are far less effective in retarding color fading.' 0
For long-term preservation of color negatives, experts consider the process of
making black and white separation masters to be best. Three black and white
negatives are produced from the original negative, each being a record of one of
the three primary colors. When processed through the proper colored filters in a
laboratory, a perfectly preserved color negative will result. Although climate
control costs are moderate for this method of preservation, the expense of
preparing and processing the separations is very high." This procedure is generally used only for very important materials.
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From time to time researchers have proposed transferring color film images
over to different carriers or systems that allegedly offer greater color retention.
Laser discs, holography and embossed relief film stock have all been proposed
as improvements over conventional emulsion-coated film stock. While these
systems may offer color retention superior to that of film, they exhibit serious
drawbacks.
The use of holography, for example, would necessitate problematic changes
in current laboratory procedure. Proper transfer of motion picture images to
hologram film requires regulation of film processing speed at a level of precision that not all laboratories can currently attain. Moreover, special film transports would have to be designed to deaden nearly all vibration during transfer or
unacceptable imaging would occur.' 2 It is questionable whether or not most laboratories would be willing to make the investment in time and labor to change
over their operations to meet these criteria, especially if the only customers are
film archives.
At first blush, laser discs appear to qualify for serious consideration as an
alternative to motion picture film for long-term image storage. The discs are
easier to use than film, they do not appear subject to color fading and they can
be produced rapidly in laboratories.
Laser discs are not without deficiencies, however. Images on disc lack the
sharpness of 35mm film, and there have been reports of separation of the base
layers in the disc, known in the trade as "laser rot." Representatives from
Pioneer, one of the largest disc producers, have claimed that such separation
was a problem during the early phase of disc production and has since been
solved. Anecdotal evidence from collectors suggests that the company's optimistic statement may be premature. 3 Perhaps the most daunting obstacle to the
adoption of disc technology by archives is the fact that discs require the purchase of hardware whose longevity is unknown and which is incompatible with
35mm equipment already in use.
The concept behind the idea of using embossed relief images for retaining
color in motion pictures is an old one, dating to the early years of the film
industry. This process involves embossing the film base with a series of minute
lenses, or lenticles, which split the incoming light onto the emulsion in fine red,
green and blue strips. Subsequent projection through an appropriate filter reintegrates the three-color strips onto the screen, producing a full color picture.
Because the film itself contains no color in this system, fading cannot take
place.
Embossed films have never been used in the industry, however, because the
fine individual light strips have always rendered a picture noticeably more
grainy than the accepted 35mm standard. Periodic attempts to modify this problem have not been successful.' 4
Rather than seriously consider alternative image carriers, filmmakers and
archivists are thus far solidly in favor of retaining the established 35mm filmbased format, but improving the techniques of rendering color. When news of
color fading first became widespread through the efforts of director Scorsese,
Eastman Kodak instituted a large scale program to develop an emulsion with
significantly improved dye stability characteristics. This would, of course, only
be of help to future releases and new prints from older negatives, but it was an
important start.
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Eastman Kodak made the first significant breakthrough in 1978 by introducing Eastman Color print film 7378, claiming a ten-fold increase in blue-green
dye stability under proper storage conditions.'" The higher manufacturing costs
associated with this stock necessitated imposing a ten percent price premium,
however, and most film producers would not use it. In 1982, advancing technology enabled Eastman Kodak to offer film stock 5384 with the same fade resistance as 7378, but without its higher cost." It is currently the standard for co!or
film printing in the industry.
Eastman Kodak claims that the dyes in stock 5384 should be stable for "generations," but adds the caveat that this holds true only "as long as the film is
processed under recommended conditions."' 7 Ideal or recommended conditions
are not always, or even often, maintained in laboratories where competition is
fierce and the rule is economy at every turn. As such, Eastman Kodak's breakthrough ultimately may be negated by the exigencies of economic necessity.
Therefore, whether or not the new Eastman Color film stock will become the
proper successor to Technicolor can only be verified by experience.
Film Base Deterioration
The deterioration of safety triacetate film stock is potentially more serious
than the color fading problem since it poses a threat to all motion picture film. It
has been dubbed "vinegar syndrome" for its pungent smell in advanced stages.
The film industry's original choice for a film base, cellulose nitrate, was recognized as unstable almost from its inception in 1889.18 In addition to decomposing inevitably to a sticky mass, the stock was highly flammable, even before
deterioration had started. Prior to its decomposition, however, it proved to be an
eminently useable film stock, at least when handled with care.
Due to a number of cellulose nitrate-related fires in theatres and film
exchanges across the nation, the industry started experimenting on a nonflammable, or "safety," film stock as early as 1902.11 Early efforts yielded a
stock that decomposed more slowly than cellulose nitrate, but was still ultimately unstable. Technological advances in the 1920s to meet the demand of the
amateur 16mm home movie market resulted in an improved cellulose acetate
that apparently did not decompose. Although adequate for home use, the new
stock's susceptibility to brittleness, especially at low humidity, made it subject
to twisting, buckling and shrinking. Clearly, this was not an acceptable stock for
professional use.
Eastman Kodak continued its experiments to develop a suitable cellulose
acetate that would retain the performance characteristics of cellulose nitrate
while jettisoning its drawbacks. A modified cellulose acetate stock developed in
1937 was used to print a fairly sizeable number of 35mm features for armed
forces use during World War 11.20 Although engineers determined this new stock
to be useable in "average" circumstances, they found that its image stability and
resistance to perforation damage under heavy use still did not measure up to the
standards set by cellulose nitrate.
Between 1944 and 1948, Eastman Kodak conducted an intensive research
and development effort which resulted in the creation of cellulose triacetate.
The new stock exhibited much the same wear resistance of cellulose nitrate and
it proved to have virtually the same image stability. Moreover, this new product
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was less likely than cellulose nitrate to pick up electrostatic charges during laboratory processing which often resulted in streaks and blotches.' Cellulose triacetate appeared to be a significant improvement over cellulose nitrate, and the
changeover was made to the new stock between 1948 and 1951.
However, film studios neglected to re-print onto cellulose triacetate stock
many older negatives that seemed to have no future theatrical value. This substantially increased the chances of losing to deterioration many cellulose nitratebased prints.
The task of preserving often unique prints struck on cellulose nitrate stock
usually fell to film archives such as the Library of Congress and the University
of California-Los Angeles Film Archives. Often working with limited funds,
these and other archives slowly and methodically transferred original negatives
and positives recorded on cellulose nitrate to cellulose triacetate stock. No one
seriously questioned the long-term stability of cellulose triacetate since engineers, archivists and testing laboratories all provided reassurance that the new
stock was an archivally stable medium. The American Institute of Standards
(AIS) predicted that this new carrier would last several hundred years or "as
long as rag paper."22 The International Federation of Film Archives (FIAF) concluded that cellulose triacetate film "in good storage conditions may be expected to have a life-span of 200-300 years." 23 Consequently, continued transfer of
titles from cellulose nitrate to cellulose triacetate seemed a prudent course of
action for creating permanent archival records, and the work continued at various locations for over four decades.
Only now, after thousands of prints have been transferred has the possibility
surfaced that the original assurances of the AIS and the FIAF on the longevity
of cellulose triacetate may have been in error. Anecdotal evidence introduced at
the West German Photokina 1986 International convention on film laboratory
practices as well as subsequent controlled laboratory tests have suggested that
cellulose triacetate may be subject to deterioration similar in some ways to that
which has plagued cellulose nitrate.24 In advanced stages, affected cellulose triacetate prints exhibit extreme warping and brittleness, making them unusable
either for viewing or as pre-print masters.
Because this breakdown releases acetic acid, a process called hydrolysis,
such film can be readily identified by a strong odor similar to vinegar. Hence,
the process has been dubbed "vinegar syndrome." Like cellulose nitrate breakdown, once started the process is autocatalytic-it continues at an ever increasing rate. To date, nothing has been found that will stop it. Unlike cellulose
nitrate, the film neither decomposes to a sticky or powdery mass, nor does it
turn flammable.
At present, the causes of vinegar syndrome remain unknown, although
researchers have proposed theories. According to a draft of the second edition
of the FIAF film preservation handbook, high levels of heat and humidity (i.e.
above 70' Fahrenheit and 60% relative humidity) can be a direct cause of the
problem. 5 A second possibility, which has been well known for decades, is storage of cellulose triacetate too near cellulose nitrate, especially when the latter is
already in a state of deterioration. Controlled studies have proven2 6that close
proximity of the two will initiate hydrolysis in the cellulose triacetate.
In 1989, Michelle Edge and her associates at Manchester Polytechnic in
England concluded that storage containers, particularly those with an iron base,
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could also adversely affect cellulose triacetate.?' This finding is especially unsettling in light of a statement by National Archives' Film Division Chief William
T. Murphy that "The [film container] that most of us use for lack of choice is
tin-plated iron." 2 Edge also surmised that iron oxides in magnetic stereo soundtracks on film could precipitate hydrolysis, a conclusion with which Library of
Congress Film Chief Paul Spehr concurs, based on substantial empirical evidence. 29
Improper original laboratory processing which leaves an excessive acid
residue on prints has also been cited as a possible factor in deterioration,
although primarily for prints made during the last ten years. Finally, so-called
"rejuvenation" processes, which distributors sometimes resort to in order to
extend the life of prints for commercial showings, have also been mentioned by
archivists as a possible cause. Such processes subject prints to multiple applications of chemical baths which are often highly acidic. This procedure conceivably would not affect a large percentage of films, however.
What is both puzzling and disconcerting about reports of vinegar syndrome
and related laboratory tests is the failure to point definitively to any single cause
of the problem. This suggests another, far more disturbing, hypothesis which
laboratory testing has already partly borne out: cellulose triacetate, contrary to
what has been believed for decades, may be inherently unstable.
Cellulose triacetate is manufactured by two processes which differ in the
composition of the layer, known as the substratum, to which the emulsion
adheres. Many researchers were surprised to discover that major film stocks,
with the exception of Agfa-Gevaert, have always included inherently unstable
cellulose nitrate in the substratum. Karel Brems, an early researcher into safety
film hydrolysis, stated bluntly that "Because of the detrimental effect of the
deterioration products of cellulose nitrate on the stability of triacetate, the use of
cellulose nitrate in the substratum should be avoided." More disconcerting was
the discovery that the specific content of this cellulose nitrate, given in the 1973
American National Standards Institute (ANSI) standard, was omitted without
explanation from the 1984 ANSI standard.3 °
Some researchers have proposed bypassing potential substratum instability
by changing to polyester-based film since the latter utilizes no cellulose nitrate
in the substratum. Brems states that such film "has a substantially greater chemical stability than cellulose triacetate," and it has been defined as an archival
quality film base by ANSI standard PH 1. 28-1985. 1
Polyester film is no panacea, according to other researchers, however. Paul
Spehr notes that this type of film is significantly inferior to cellulose triacetate
in terms of image reproduction and pliability. Furthermore, the motion picture
industry has been lukewarm about adopting it on a large scale partly due to difficulties in laboratory processing. 32 Of course, even a complete industry
changeover would have no effect on the thousands of reels of film already processed on cellulose triacetate.
Conclusions
The extent of color film fading and cellulose triacetate deterioration are
presently unknown. However, each problem has the potential for causing massive difficulties for film archives. For archives with large motion picture hold-
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ings, such as the Library of Congress and UCLA, the prospects of dealing with
the effects of color film fading and film base deterioration are daunting. Even
archives with more modest holdings will be hard pressed to correct the results
of these scourges.
The primary obstacle to alleviating these problems is that once fading or
deterioration has commenced, the print cannot be rescued: neither color fading
nor hydrolysis of the film base can be reversed or even stopped. Since restoration of affected prints is not possible, the only alternative is complete replacement. This concept is not attractive for several reasons. If the 35mm motion picture film format is maintained, as in a changeover to polyester film, the costs
would be staggering for larger archives. Furthermore, all the years and millions
of dollars spent in transferring original cellulose nitrate prints to cellulose triacetate stock would have been largely wasted. Costs of changing over to a different carrier, while not precisely calculable, would also be substantial. Finally, the
long-range reliability of alternative carriers is as yet unknown, and no responsible archives will gamble the fate of its holdings on anything so nebulous.
Cellulose triacetate deterioration is a particularly thorny problem since uncertainty about its causes has led to a lack of consensus on the best approach
toward a solution. William Murphy and some others, for example, believe very
strongly that a changeover to polyester based film would be advisable. Paul
Spehr, on the other hand, advises against such a move, for the reasons cited
above. Failure to agree on how to best cope with these challenges dictates that
archives will have to be content with caretaker status regarding their collections,
at least for the foreseeable future.
Although archivists cannot now take steps to eradicate film base deterioration, they can put into effect some limited common sense precautions against
aggravating the situation. First, temperature and humidity must be carefully
controlled, according to the guidelines listed above. Second, cellulose nitrate or
decomposing cellulose triacetate must be segregated from unaffected stock.
Third, iron-based containers should be replaced.
The control of temperature and humidity has always been a priority at film
archives and should not pose any additional hardships when dealing with vinegar syndrome. The options of segregation and container replacement are more
problematic, however.
Segregating stable and deteriorating stock would seem a simple task because
vinegar syndrome produces such a tell-tale warning smell. However, a deteriorating cellulose triacetate print may already be adversely affecting adjacent
unaffected prints long before the odor becomes patently obvious; once this
occurs, segregation is too late.
Moreover, depending on the particular storage arrangements at an archives,
removal and relocation of the affected prints can result in a quandary. What is
an archives to do when it was never originally set up to segregate prints that
threaten to contaminate other footage in the collection? The George Eastman
House archives in New York and the Library of Congress nitrate storage and
printing facility in Ohio each house both nitrate and safety stock prints, carefully and effectively separated, but not all archives can boast such flexibility. Truly
effective segregation would involve separate storage and climate controls,
something which may not be available, and which would only be obtainable at
considerable expense.
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The third method of defense against vinegar syndrome, changing potentially
harmful containers entails at least two significant drawbacks. The first and most
obvious one is expense. As William Murphy cogently observed, lack of funds
originally forced most archives to adopt the most economically feasible containers available which were tin-plated iron. If archives could not afford to purchase
better and costlier containers during more prosperous times, there is no reason
to believe that they could do so now.
Second, considerations of cost aside, a truly archival-quality container for
35mm film does not now appear to exist. Michelle Edge and her colleagues
have expressed frustration at their inability to find or concoct a truly safe, practical and inexpensive container for 35mm film. Edge determined that a
changeover from tin-plated iron to aluminum containers would result in an
increased shelf life for film from 35 years to 50 years. Switching to polyethylene would extend that time to 60 years. Probably neither improvement would
justify the substantial costs involved in a total container changeover at an
archives.3 ' A fourth container choice, glass, would boost the shelf life to 110
years. As Murphy ruefully observed, however, "I have not read a good description of a glass container, nor have I seen one. 1'4
Presently, the outlook for film archives is discouraging. The above recommendations to correct both color fading and film base deterioration have solid
potential to alleviate each of these problems. However, expense and other practical considerations will limit archives' abilities to utilize them fully. Film studios, as a group, can see no immediate economic benefit in the preservation of
our film heritage and have expressed little interest in offering either economic
or technical aid to combat the problems of color fading or film base deterioration. Consequently, left largely to their own devices, film archives have few
options to pursue in fighting an insidious threat that may eventually destroy a
large portion of their collections.
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