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MICROBIAL DETERIORATION OF GELATIN EMULSION PHOTOGRAPHS:
A CASE STUDY

Miguel J. L. Lourenco
José Paulo Sampaio

Presented at the PMG session of the 2006 AIC Annual Meeting in Providence, Rhode Island

ABSTRACT

Microbial deterioration is a common problem in photographic collections, and has been
considered a major cause of deterioration. However, few studies have been carried out on this
topic. Indeed, most of the literature is concerned with biodeterioration of archival documents in
general, and this includes both micro and macroorganisms. The environmental factors that
promote this type of deterioration are well known and most of the published information is about
prevention and control. There have been no detailed studies on the interactions between
microorganisms, environment and the composition of photographic material.

This study is focused on microbial deterioration of gelatin emulsion photographs, especially
related to fungi. It was part of a global study of three collections in Lisbon, Portugal.

The first part is a quantitative study on the microbial contamination of the Horacio Novais
collection. The second is about induced contamination experiments of gelatin emulsion
photographs. At the end these data will be analyzed taking into account the hypothesis that color
materials are more susceptible to microbial deterioration than black and white ones. This
hypothesis is based on the observations of several professionals working with photograph
collections who report that, at least in plastic base supports (negatives and slides), color materials
are frequently more contaminated than the black and white ones.
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1. INTRODUCTION

Microbial deterioration is a common problem in photographic collections, and has been
considered a major cause of deterioration (Bard 1986; Eaton ed. 1985, 37). However, few studies
have been carried out on this topic. Most of the literature is concerned with biodeterioration of
archival documents in general, and this includes both micro and macroorganisms. The
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environmental factors that promote this type of deterioration are well known and most of the
published information is about prevention and control. There have been no detailed studies on
the interactions between microorganisms, environment and the composition of photographic
material. It could be noted on the Bronislaw Zysca literature review about fungi isolated from
library materials that photographs, and other related audiovisual materials, represent a small
proportion of the investigations, and no mention is made to color materials (Zysca 1997). The
scale of this problem is unknown.

Microorganisms on photographs appear as spots, blemishes, and in the case of fungi, like small
concentric “roots” (hyphae), more or less embedded in the material. They can have colors like
white, black, brown, yellow or other (Czerwinska and Kowalik 1979b; Czerwinska and Kowalik
1978a; Montanari 1980). Several morphological characteristics are variable and depend on the
growth stage, the nutrients available, the pH of the substrate and other environmental factors.
They can show atypical growth forms, and this can create difficulties to detect and evaluate a
microbial contamination (Caneva et al. 1991, 36). It is often necessary to use a microscope and it
is often necessary to remove samples for examination.

The most biosusceptible photographic materials are the gelatin and the paper, because they are
organic and hygroscopic materials. Susceptibility to fungus attack is one of the serious
shortcomings of gelatin emulsion films and prints that has never been resolved (Wilhelm 1993,
560). Some external “materials” like dust, grease from fingerprints, and glues are important
factors for encouraging microbial development (Eaton ed. 1985, 84; Kodak 2002; Wilhelm 1993,
560). Microorganisms can disturb the visualization of the photographic images simply by their
growth, and by producing pigmented metabolites. They can cause damage through the
breakdown of the surface material, and by production of enzymes and organic acids. In the case
of the gelatin emulsion, enzymes and acids can cause the solubilization and disintegration of the
image (Bard 1986; Czerwinska and Kowalik 1979b; Czerwinska and Kowalik 1978a; Gillet and
Flieder, 1978; Kodak 2002; Wilhelm 1993, 561). Another reported phenomenon is the
appearance of blue or pink stains on B&W films, which is caused by acids that react with the
anti-halation layer (Eaton ed. 1985, 84; Pavdo 1997, 149). The effect of the metabolites on color
materials is more serious because they can affect the dyes (Eaton ed. 1985, 85). There are reports
that the silver salts and other compounds in the emulsion of the B&W images do not inhibit
sufficiently the growth of fungi and microbes (Czerwinska and Kowalik 1979b; Czerwinska and
Kowalik 1978a).

This study is focused on microbial deterioration of gelatin emulsion photographs, especially
related to the role played by fungi. Fungi could be considered the principal microbial
contaminants of the photographic materials, since they are exclusively heterotrophic and can be
active at lower water availabilities than bacteria (Caneva et al. 1991, 56; Kowalik 1980). Fungi
were the main isolates found in a study of three Lisbon collections, namely the Bourdin de
Macedo collection, the Horacio Novais collection, and the collection of the Portuguese
Geographical Society (Lourenco and Sampaio 2005). Part of this study is based on a final project
for the C&R graduation approval at the FCT/ UNL, Portugal (Lourenco 2003).
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2. QUANTITATIVE EVALUATION OF THE HORACIO NOVAIS COLLECTION
2.1 Scope

The Horécio Novais collection from the Calouste Gulbenkian art archive has black and white
(B&W) glass plate negatives, films, prints as well as color films and prints, with a total about of
93500 photographs. It contains almost all of the work of the Portuguese photographer Horéacio
Novais, from between 1930s to the 1980s. This collection was kept in the photographer’s studio
at the Largo Camdes, rua da Horta Seca n°7, Lisbon, until its acquisition in 1999 (Ferreira 1991;
Lourengo 2001).

The aim of the present study was to investigate the extent of the microbial contamination on
gelatin emulsion photographs by giving the example of this collection, and to determine if there
are differences in contamination between color and B&W materials. Several Portuguese
professionals working with photograph collections report that, at least in plastic base supports
(negatives and slides), color materials are frequently more contaminated than the B&W
materials, and also that some B&W films were mainly contaminated on the opposite side to the
emulsion. Actually, the phenomenon of the contamination of the opposite side of the emulsion
was personally verified in a group of large cellulose nitrate negatives that were stored on top of
one another, on the original box N. °© 22, from the Horacio Novais collection (Lourenco 2003).

2.2 Method

The data for this quantitative evaluation was researched in a Microsoft Office Access™ database
that was created to record information about numbering, cataloguing and inventory of each
treated photograph item. The database also included a field for simple conservation diagnosis
descriptions. The words and technical expressions used by the several professionals that were
involved in this task were standardized. By the time of this research (June 2006) there was
available information for about 53264 photograph species (B&W and color films, B&W glass
plates, but no prints). The search was made in the conservation description field by the query of
the Portuguese word for fungus (fungo), which just allowed identifying the amount of
photographs that have fungus contamination, in all the collection and in each type of photograph
material or group. The localization and the intensity of the fungal contamination could not be
determined from this search. This fact precluded the survey about on which side of the films the
contamination was detected.

2.3 Results

The data about the quantity and the distribution of contaminated photographs on this collection is
shown on Table 1.

Topics in Photographic Preservation, Volume Twelve (2007)
21



Table 1. Quantity and distribution of contaminated photographs in the Horacio Novais collection
(data collected in June, 2006).

Type of N.° of Tﬁtf I Percentage of | Percentage of | Percentage of
Emulsion | Support photographic contaminated oi‘ contamination | contamination | contamination
item items . - item - support - emulsion
items
Glass Negatives 1080 3092 34.9%
Cellulose Negatives 2496 4724 52.8%
nitrate
35mm 8 306 2.6%
Negatives
Cellulose | 7 Other 7444 27150 27.4% 27.3%
B&W acetate Sizes
Slides 48 111 43.2% 30.6%
Interpositives 38 94 40.4%
Duplicate 25 120 20.8%
Polyester negatives 13.6%
Interpositives 16 142 11.3% '
Negatives 163 1241 13.1%
Total B&W 11318 36980 -
Slides 3650 10058 36.3%
Color Cellulose 35mm 236 347 68.0%
acetate | Negatives 57.5% 44.4%
g Other | 3347 5879 56.9% ° °
sizes
Total color 7233 16284 - -
TOTAL 18551 53264 34.8%

2.4 Discussion

In the B&W photographs 52.8% of the cellulose nitrate films and 27.3% of the cellulose acetates
(negatives, slides and interpositives) were contaminated. A total of 34.9% of the glass plates and
43.2% of the slides were contaminated. The polyester base films were the least contaminated
photograph items in the collection, with 13.6% (duplicate negatives, negatives and interpositives)
with fungal contamination. It must be pointed out that cellulose acetates have the highest number
of items.

On B&W photographs the highest percentages of contamination occurred on cellulose nitrates
(52.8%) and on the glass plates (34.9%). This could be related to the fact that these are the oldest
photographic materials in this collection, since they belong to the period covering the 1930s to
1950s. It can be assumed that these photographs were submitted to inappropriate storage
conditions for a longer period, and because of that there were more chances for fungal
development. On the other hand, polyester base films were the least contaminated photograph
material. The explanation for this could also be linked to age since polyester base films are the
most recent B&W photograph material (the use of polyester in film started in the 1950s).
Polyester base films already revealed less biosusceptibility than the cellulose acetates in a
previous study (Valentin 1986). In fact, polyester is a synthetic plastic material that does not
contain plasticizers (Lavédrine 2003, 21), which are components that have been referred to as
substrates for fungal and bacterial colonization on the cellulose plastic materials used in
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photographic and movie film supports (Czerwinska and Kowalik 1979a; Czerwinska and
Kowalik 1978b; Kowalik 1984; Maté et al. 2002; Montanari 1980; Nichols 2003). It is also
known that there is a strong link between the degree of substitution of the cellulose acetates
(average number of acetyl groups per anhydroglucose unit; can range from 0 in the case of
cellulose to 3 for the triacetate) and biodegradability; the lower the degree of substitution the
easier the biodegradation (Samios et al. 1997).

The higher contamination percentage of all photographic materials occurred on color acetate
negatives (57.5%). Slides had 36.3% of contamination. Color materials represent a small part of
this collection. The high levels of contamination, mainly in the color acetate negatives, could be
related to a local or specific occurrence. Therefore, it is inappropriate to advance any possible
explanations for this at the moment.

In considering the total B&W and total color results of the Horacio Novais collection, 30.6% of
the B&W and 44.4% of the color materials had fungal contamination. The difference increases if
only the B&W cellulose acetate items (27.3%) and the color cellulose acetate items (44.4 %), are
considered, which is probably a more correct comparison. So, in the Horacio Novais collection,
color materials are 13.8% more affected by fungi than the B&W materials and, in the case of
cellulose acetate items, that difference increases to 17.1%. These results seem to indicate a
higher susceptibility of color materials to fungal colonization. Nevertheless, a careful global
analyses must be done, and particularly consider two relevant issues. Firstly, there are significant
differences between B&W and color population sizes. The number of total B&W items is 2.3
times that of the color items, and the number of B&W acetates is 4.4 times that of color acetates.
This means that the B&W materials data is more reliable, and that the influence of the
hypothetical existence of local contamination phenomena in the results is more reduced.
Secondly, there are differences between the age of the color and the B&W materials. The use of
B&W materials by Horacio Novais corresponds to the period from the 1930°s to the 1970"s and
color materials to 1970°s to the 1980°s decade. It could also be assumed that the color materials
had a shorter period of inappropriate storage conditions, but despite that, they have a higher
contamination percentage.

3. INDUCED CONTAMINATION EXPERIMENTS ON GELATIN EMULSION PHOTOGRAPHS
3.1 Scope

The aim of this study was to test the hypothesis that the color materials have higher
biosusceptibility than B&W materials. The question that comes out from this is what differences
between color and B&W photographs could be linked to this? The answer must be the emulsion
constitution, and the main difference is that, after processing, B&W images have reduced
metallic silver particles and color chromogenic images have organic azomethine dyes. The color
chromogenic photographs have yellow, magenta and cyan dyes (the subtractive primary colors)
residing in at least three thin layers (Lavédrine 2003, 10; Wilhelm 1993, 15). Unreacted dye-
forming couplers could also subsist in emulsions (Wilhelm 1993, 61).
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1) =
3.2 Choice and preparation of the photographic test materials ]iJ

The difference between the image constitution of the B&W and w
color photographs was the basis for the preparation of the test B&wW

* Negatives
materials. The goal was to compare the fungal growth in the é _ e

photographic emulsions with image and non image areas. As a result

it was necessary to prepare emulsions with image and non image - Print
areas, i.e., with high and low concentration of “image materials”, E
respectively. In a B&W test material the black areas have a high Gilbi
concentration of reduced silver particles, and the white/transparent * Negatives

areas have only traces or non-existence of reduced silver particles. E _
In a color test material the black areas have a high concentration of

* Print

all the dyes present in the emulsion, and white/transparent areas do =

not have dyes (Wilhelm 1993, 15). This was achieved by picturing a h

target with B&W squares and also by developing completely over- i .
exposed and un-exposed photograph test samples (Figure 1). 5 _

Figure 1. Scheme for the preparation of the photographic test materials: 1) photographing a
subject with B&W squares with the test films; 2) obtaining the B&W negatives and prints, and
color negatives, prints and slides. The plain black photograms were obtained by developing
completely over-exposed film and the plain white photograms were obtained from un-exposed
film.

The photographic materials for these tests were not subject to any special selection.
Commercially available materials were acquired. After the exposure they were submitted to the
normal chemical processing treatments (Table 2). Some preliminary tests were made for the
improvement of all the process. For this purpose photographic test materials with other brands,
and some older ones also were used. These preliminary tests will be mentioned further, as well as
the specifications of the materials used. The 35mm films were cut into single photograms (aprox.
24 x 36mm), and the prints were cut into 40mm squares, in order to fit inside a 90mm plastic
Petri dish — the selected “test chamber”. Precautions were taken with the handling and
acquisition of the photographic test materials to prevent contamination, but it was not possible to
assure sterilization.

Table 2. Photographic materials used for the induced contamination experiments.

Type of photographic materials 35mm films Prints

B&W . ILFORD MGIV multigrade RC
(manual processing) Negative KODAK 5052 TMX - 100 1SO DeLuxe; MGD 1M (bright finishing)

Negative KODAK Gold 100-6 ISO

(C-41 development)

Color KODAK Paper

(automatic mini-lab processing) Slide FUJICHROME 64T Professional (bright finishing)

Type Il Tungsten RTP — 708 Color;
135 ISO (E6 development)
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3.3 Inoculation and incubation procedures

For the tests two fungal strains were selected from the most frequently isolated genera from the
study of microbial contaminants from gelatin emulsion photographs belonging to three Lisbon
collections: the strain Aspergillus sp. subsec. Versicolores that was isolated from the sample
“Bourdin de Macedo n. ° 217; the strain Penicillium sp. subsec. Penicillium that was isolated
from the sample “Horacio Novais sleeve 4 (99004)” (Lourenco 2003; Lourengo and Sampaio
2005). A 1ml Eppendorf vial for each strain was prepared containing a very high concentration
of fresh fungal conidia suspended in a water and detergent solution (0,05% Tween 80). For each
90mm Petri dish that was used as test chambers 15ml of agar (2% W/V) was added to generate
high humidity levels for fungal growth promotion. The spore suspension inoculum, the Petri
dishes for test chambers, and the agar for humidity generation, were procedures similar to those
mentioned in test standards and other studies of induced contamination (ASTM 1999; McCain
and Mirocha 1994; Moriyama et al 1993). Incubation was under laboratory conditions (19-24°C).

In order to minimize curling and condensation, the photographic test materials were placed in the
Petri dishes one hour before inoculation. After that time two 1pl drops of the spore suspension
were added to the junction of the black and white areas of the films and prints. The photographic
test materials with plain images were inoculated once in the centre. All these procedures were
done aseptically.

In total there were 18 tests with both strains (Table 3). Each test comprised three replicates or
samples (Figure 2). The conidial suspensions of both strains were tested for purity by inoculating
plates of a nutrient media (Potato Dextrose Agar), at the start and end of the inoculation of all the
photographic test materials.

Table 3. Number and distribution of the induced contamination tests. Each test comprised three
replicates or samples.

Photographic test Number of tests
i i icilli Total of tests
materials Type of image Asperg_lllus Pen|C|I_I|um
strain strain
. B&W squares 1 1 2
Negatives Plain black 1 1 2
B&W - 18 photograms Plain white 1 1 >
6 prints B&W squares 1 1 2
. B&W squares 1 1 2
Negatives -
- 12 photograms Plain black 1 - 1
Plain white 1 - 1
Color . B&W squares 1 1 2
1 ShI:)(tjgsrams Plain black - 1 1
photog Plain white - 1 1
6 prints B&W squares 1 1 2
Total 18
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L A
Figure 2. Example of a group of induced contamination =t -~ <
tests with three replicates each. 1) color prints and l el l -
negatives tests; 2) B&W prints and negatives tests. ~ . ; /. |
3.4 Evaluation procedure

This experiment was designed as a qualitative examination to determine if there are differences
in the fungal growth between image and non-image areas of the selected photographic test
materials. The amount of fungal growth was evaluated by measuring the radius of the fungal
colony. This simple and direct method is common in taxonomic procedures (Klich 2002, 5; Pitt
2000, 11) and also in mycological studies in general (ASTM 1998; Klamer et al 2004; Marin et
al. 2004; Yonni et al. 2004). In the square images tests that were inoculated at the junction of the
B&W areas, the growth symmetry and sporulation intensity were also recorded. The tests were
concluded after 20 days of incubation.

3.5 Results
3.5.1 B&W materials

In the case of the B&W square negatives, fungal growth was always greater in the white areas
(Figure 3). On the plain image negatives tests the area of fungal growth was larger in the white
ones (Figure 4), except in one replicate of the black image test with the Penicillium strain, which
revealed a similar growth area as the white plain images replicates.

The B&W prints test was considered null after the fifth
day of growth due to contamination problems that
disturbed the inoculum’s development.

Figure 3. Two examples of fungal growth on B&W
negatives with square images. 1.1) Aspergillus strain after
5 days of growth; 1.2) Aspergillus strain after 15 days of
growth on the same replicate; 2.1) Penicillium strain after
5 days of growth; 2.2) Penicillium strain after 15 days of
growth on the same replicate.
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Figure 4. Two examples of Aspergillus growth on
B&W plain image negatives. 1.1) plain white image
with 5 days of fungal growth; 1.2) the same white
image replicate with 15 days of fungal growth; 2.1)
plain black image with 5 days of fungal growth; 2.2)
the same black image replicate with 15 days of fungal
growth.

On B&W materials tests, in almost all the replicates that did not have contamination, both
Aspergillus and Penicillium strains showed a different growth pattern between black areas (high
concentration of reduced silver particles) and white areas (traces of silver particles). There was
more extensive growth on the white image areas. The Penicillium strain tests showed slightly
more growth compared to Aspergillus strain tests. Sporulation was also more abundant in the
Penicillium strain tests.

3.5.2 Color materials

On color slides with B&W square images there were no differences on fungal growth pattern
between the black areas (high concentration of dyes) and white areas (absence of dyes), for both
Aspergillus and Penicillium strains (Figure 5). The fungal growth patterns were symmetrical and
the growth extension was very similar in all the test replicates. Similar results were obtained with
the plain image slides tests. The Penicillium strain tests showed a slightly greater growth
extension when compared to Aspergillus strain tests. Sporulation was also more abundant in the
Penicillium strain tests.

No fungal growth occurred on color negatives
for both the square image test and the plain
image tests. The same was found on color prints
test.

Figure 5. Two examples of color slides with
B&W square image tests. 1.1) Aspergillus strain
after 5 days of growth; 1.2) Aspergillus strain
after 15 days of growth on the same test
replicate; 2.1) Penicillium strain after 5 days of
growth; 2.2) Penicillium strain after 15 days of
growth on the same test replicate.
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3.5.3 Other materials

Photographic materials several years old that were processed at some time before this experiment
(2003) were also tested. For convenience the term “old” is used for these materials. The end of
35mm negatives with un-exposed and over-exposed image areas were cut off and used as test
samples, as was described previously on point 3.3.3. Older B&W prints samples with un-
exposed and over-exposed image areas were also tested. In these tests only the Penicillium strain
was used.

On the “old” B&W negatives with square images, in all of the replicates that did not have any
visible contamination, there was more extensive growth on the white image areas (Figure 6)
while sporulation was more intense on the black areas. A similar result was verified on the “old”
B&W resin coated prints test.

On the “old” color negatives test with square images, in all of the replicates that do not had
contamination disturbances, the growth extension and pattern was the same on both sides of the
image (Figure 7).

In the preliminary tests “new” color negative materials, i.e. recently processed, were also used.
However, these test materials had two main differences when compared to those mentioned in
Table 2: 1) namely the brand was AGFA Vista 200; and 2) the square image had three areas with
different amounts of dyes and one white area without dyes. In this test fungal growth has
occurred, and there were no differences between the areas with dyes and the white areas without
dyes (Figure 8).

Figure 6. Example of Penicillium growth after 15
days of incubation. “Old” B&W square image
negative - KODAK 5052 TMX processed in 1998.
(Figure composed by two images)

Figure 7. Example of Penicillium growth on an “old”
Kodak color negative processed in 2001, after 5 days
of incubation (1) and after 15 days of incubation (2).

> mm
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Figure 8. Example of Penicillium growth after 15 days
of incubation on a recently processed color negative
(AGFA Vista 200). Only the upper left square of the
negative image is a white area without dyes on the
emulsion, the other squares had different amounts of
dyes.

3.6 DISCUSSION

On B&W materials all the tests were considered to be valid except the prints test where there
were problems with contamination. In all the test replicates with inoculum development, the
patterns of fungal growth revealed differences between black areas (high concentrations of
reduced silver particles) and white areas (traces or non-existence of silver particles). Growth was
more extensive on the white areas of the image than on the black areas. Both Aspergillus and
Penicillium strains showed this different growth pattern between image and non-image areas.
The Penicillium strain tests showed a slightly greater growth extension and more intense
sporulation than the Aspergillus strains. The “old” B&W test materials (negatives and prints) had
more intense fungal growth than the recently processed materials. Nevertheless, the same growth
pattern with more extensive growth on the white image areas was confirmed.

Fungal growth was affected to some extent by the reduced silver particles present in the B&W
images. In most cases sporulation was more intense on the black image areas. This fact could be
related to stress conditions that also seem to be linked with the presence of the reduced silver
particles. Sporulation is known to be more intense on substrates with mildly inhibiting
substances, such as metal particles, as well as under conditions of reduced nutrients and water
content.

On color chromogenic materials only the slides tests had fungal development. There were no
differences in fungal growth between black areas (high concentrations of dyes) and white areas
(low or zero dyes), for both Aspergillus and Penicillium strains. The fungal growth pattern was
symmetrical, and the growth extension was very similar between the same test replicates. The
Penicillium strain showed a slightly greater growth extension than the Aspergillus strain.
Sporulation was also more abundant in the Penicillium strain. No fungal growth occurred on
color negatives and color prints tests. However, in the test with recently processed negatives
referred to in 3.5.3, with a different brand and image, fungal growth did occur. Thus, the growth
pattern with no differences between image and non image areas was similar to what happened in
the slide tests. The “old” color negatives test also described on 3.5.3 had a more intense fungal
growth when compared to the recently processed materials. Again, the same symmetrical
growth, undifferentiated between black and white image areas, was seen. Therefore, it seems that
fungal growth was not affected by the dye particles present in the color chromogenic images.
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On recent processed color materials, the most extensive growth was found on slides. One brand
of negatives had fungal growth, while the other did not. These differences were not expected.
These are cellulose acetate films with color chromogenic type of images, with similar structures
and processing procedures. No definite explanation for this can be given. However, this could be
related to the inhibiting action of possible biocides that may be included in the emulsion. The
brand that presented no fungal development probably has more efficient biocide substances. The
same explanation could be mentioned for the color prints test. Nevertheless, the discussion about
possible inclusion of biocides in photographic emulsions is limited due to the scant information
provided by manufacturers of photograph materials. Solutions of formaldehyde (CH,0), a
known fungicide and general biocide, have been used as gelatin hardeners in B&W processing
(Wilhelm 1993, 534). There are reports that sodium salts of 4-chloro-3-cresol (C;H;CIO) have
been incorporated in film emulsion (Cappitelli and Sorlini 2005). The available literature refers
mainly to the use of products during and/or after processing that have direct or indirect biocide
effects (Wilhelm 1993, 561). Usage of the majority of these products was stopped because of
high toxicity, high reactivity, low efficiency, and also because of incompatibility with color
photographic materials (Czerwinska and Kowalik 1978a; Eaton ed. 1985, 86; Gillet and Flieder
1978; Kodak 2002; Lee 1988; Valentin et al. 1990; Wilhelm 1993, 561).

The interpretation of the most intense fungi growth on the “old” materials, i.e., not recently
processed, for both B&W and color materials, could also be related to the effect of biocides
incorporated in the emulsion. Generally, the chemical substances used as biocides are reactive
and lose their efficiency with time.

4. CONCLUSION

On the quantitative evaluation of the Horacio Novais collection, color materials are 13.8% more
affected by fungi than the B&W materials and, in the case of cellulose acetate films, that
difference increases to 17.1%. Nevertheless there are factors that preclude a direct interpretation
of these results, namely the different ages of the photographic materials present in this collection,
and the differences in population size of the B&W and color materials that were studied.

In the B&W induced contamination tests, the patterns of fungal growth revealed differences
between the black areas (high concentrations of reduced silver particles) and white areas (traces/
inexistence of silver particles). There was more extensive growth on the white image areas than
on the black areas. In most cases sporulation was more intense on the black image areas. This
fact could be related to stress conditions (toxicity) that also seem to be linked to the presence of
the reduced silver particles. Fungal growth was affected to some extent by the reduced silver
particles present in the B&W images.

In the induced contamination tests on color chromogenic materials where fungal development
occurred, the growth pattern was symmetrical with no differences between the black image areas
(high concentrations of dyes) and white image areas (traces/inexistent dyes). Fungal growth was
not affected by the dye particles present in the color chromogenic images.
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No fungal growth occurred in the color prints test, as well as in one brand of color negatives test.
This could be related to the inhibiting action of possible biocides that may be included in the
emulsion. In the “new” materials, the brand of color negative that had no fungal development
probably have more efficient biocides. The same explanation could apply to the color prints test.
On both color and B&W “old” materials tests, i.e., processed some years before the experiment,
the fungal growth patterns were the same as those seen on the “new” materials, but growth was
more intense. The explanation for this could also be related to the effect of biocides in the
emulsion. Generally, the chemical substances used as biocides lose their efficiency with time.
Nevertheless, the discussion about the biocides used on photographic emulsion fabrication is
limited because of the scant information revealed by photographic industries. No definite
explanation for the reduced development of fungi in some tests can be made.

The overall appreciation of these results seems to indicate a higher susceptibility of the color
chromogenic photographic materials to fungal colonization than the B&W materials. However
this hypothesis could not be absolutely confirmed by this study. More profound experiments of
induced contamination, with a wider variety of tests and variables control, are needed. Further
quantitative and statistical evaluations of other collections could be useful as well. The “feeling”
that B&W films were mainly contaminated on the opposite side of the emulsion should also be
investigated.

Images equipment: Olympus Camedia C-3030 Zoom digital camera; Leica MZ95 stereo
microscope; Adobe Photoshop 7.0 software.
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