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The Influence of Light
on Ageing of Newsprint Paper

# VLADIMIR BUKOVSKY

INTRODUCTION

History has shown that paper is a most convenient and useful support for keep-
ing and communicating linguistic and pictorial information. Its importance
throughout history to the present is undisputed. There is no problem with the
lifetime of handmade rag book paper, if it is stored in appropriate conditions.
Groundwood paper, however, which has been produced since the 2" half of the
last century, is expected to have a short life. The problem of preserving this type
of paper is very topical and concentrated efforts towards achieving this will be
intensified during the next decades'.

Several factors influence the degradation of groundwood paper. There is a
vast amount of knowledge about the course of degradation reactions in cellulose
and hemicellulose?™®. Tt is certain that besides acid hydrolysis, which may be
caused for instance by improper storage or a polluted atmosphere, UV radiation
is the crucial negative factor becanse it carries sufficient energy for the break-
down of chemical bonds®. On the other hand, there is less information about the
course of degradation reactions of lignin, which is the 2** most important com-
ponent of paper, during the ageing of groundwood papers. This lack of informa-
tion has to do with the very complicated structure of lignin®™.

In the main, light induced oxidation reactions have significant degradation in-
fluence on the lignin molecule. Under the influence of UV radiation and also of
visible light, groundwood paper yellows™ *, the complicated structure of lignin
changes and consequently, various low-molecular weight degradation products
with chromophoric properties split off> 1*. These degradation products remain in
the paper and significantly influence the usability and longevity of groundwood
paper. The presence of free phenolic hydroxyl groups and C-a-carbonyl groups
is needed for light induced oxidation radical reactions on lignin®. The reaction of
methoxy magnesium with phenolic hydroxyl groups occurs with the deacidifica-
tion of paper with methyl methoxymagnesium carbonate (MMMC). The first re-
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The Influence of Light on Ageing of Newsprint Paper

action reduces the amount of free phenolic hydroxyl groups and thus a signifi-
cant inhibition of light induced oxidation reactions can take place.

Other important factors of lignin degradation are hydrolytic reactions in an
acid or alkaline medium. In our preceding work!! we tried to describe the influ-
ence of an acid medium (alum) on the longevity of groundwood paper and to as-
sess the influence of thermo-oxidation on the loss of mechanical properties in the
conditions of dry accelerated ageing before and after deacidification. The course
of ageing was modelled as corresponding to 100 years™. In the follow-up work,
presented here, we observed, on the same paper samples, the influence of sun-
light on the mechanical properties of paper under conditions, which most resem-
ble the realistic use of documents in libraries and archives (study, exhibitions
etc.). Comparing the results from the preceding work we tried to evaluate both
the main degradation factors of groundwood paper: hydrolysis and light induced
oxidation, and their share in shortening the lifetime of this paper.

METHOD

Paper samples

As sample papers for observing the durability of newsprint we used the follow-
ing:
® No l: Modern newsprint 1996, manufacturer: Jihogeské papirny a.s. Vétrni
Czech Republic. ’
ca. 66% bleached groundwood, ca. 24% unbleached sulfite
7-8% kaolin
no sizing
produced in an acid medium; retention of aluminum sulfate and polyethylen-
diamin; grammage 48,8 g/m”.
* No 2: Modern newsprint 1996, manufacturer: Norske Skog, Steti, Czech Re-
public; ’
ca. 50% classic groundwood bleached by hydrogen sulfide; ca. 15% half-

bleached sulfate pulp; 35% recycled material consisting of newspa-
per/magazine mixture (1:1) P

all fillers supplied by the recycled material
no sizing
made in a slightly acid medium: pH ca. 6,8; retention of filler by NALCO

:4508“, a product on polyacryl amide base; a little amount of aluminum sul-
ate

grammage 48,8 g/m’.
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o No 3: the Hlas nasej dediny newspaper, 1956, Slovak Republic
e No 4: the Neue Ordnung newspaper, 1942, Croatia
o No 5: the Pesti Hirlap newspaper, 1881

¢ W1: Chromatographic paper Whatman 1 manufactured from the pure cellu-
lose.

Samples 6x1 cm were cut out of the modern newsprint in the machine direc-
tion. Other samples were cut out of the rest of the newspapers also in machine
direction from the outer margin (at least 1 cm from the page margin), always
from the same issue or from consecutive issues. Chromatographic paper W1
samples were cut out in the machine direction.

Preparation of samples

The papers were divided into 2 groups:

e Controls (C). Soaked for 5 minutes in 50 ml pure methanol. With the historic
newspaper samples yellow degradation products migrated into the methanol.

¢ Deacidified papers (D). Neutralized for 5 minutes in 4% methanol solution of
methyl methoxy magnesium carbonate: (CH;-O-),MgCO,: MMMC. Col-
oured degradation products migrate into the MMMC solution in methanol
during neutralisation.

The alkaline reserve (MgCO,) formed from MMMC of the D-paper after
evaporation of methanol over 48 hours was determined as a difference of weight
between the C and D samples after 48 hours of conditioning.

The average alkaline reserve of all samples of individual newsprint papers
used in the experiment is given in Table 1. The actual alkaline reserve deter-
mined by titration is lower, about 20-35% according to the type of paper®.
Deacidification of W1 and newsprint papers with 4% MMMC provided such a
high alkaline reserve that there was no significant decrease of pH during light
ageing.

Table. 1: Alkaline reserve (%) after deacidification.

Paper No 1 2 3 4 5 Wi
Alkaline reserve 5.75 3.62 3.30 6.14 2.08 4.23
(%) +0.88 +1.52 +0.75 11.54 11.36 +1.06
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Sample exposure

Paper samples were placed on the windowsill in a room on the south side of the
building. The sun shone on all samples directly through two glazed windows
during the period May 15" to October 11" 1998, i.e. 156 days. We assume that a
substantial portion of UV radiation was filtered out by the window!%. The posi-
tion of the samples on the windowsill was changed every seven days. The dy-
namics of the degradation processes were evaluated on the 15", 32", 48" 77"
115" and 156" day (periods I-VI) of light exposure. The intensity of irradiatior;
was dependent on the height of the sun in the given period (Table 2) and on
atmospheric conditions (Table 3). It is stated as a percentage share of sunny and
cloudy days. The intensity of radiation was observed at 10:00 a.m. and
2:00 p.m.; the results are average figures of these observations.

Table 2: The amount of energy falling on the surface of the earth in our latitude depending on
the height of sun".

Day Energy (Jm-2s-1) Day Energy (Jm-2s-1) Day Energy (Jm-2s-1)

1.5. 382 1.7. 414 LY. 352
15.5. 398 15.7. 409 15.9. 324
L.6. 410 1.8. 396 1.10. 287
15.6. 415 15.8. 380 15.10. 253

Table 3: Intensity of the irradiation of paper samples by sunlight in the course of observed inter-
vals as a percentage of individual days. A: cloudless - B: almost cloudless —

C: partl
cloudy — D: almost cloudy - E: overcast - F: overcast, dark sky. P

Irradiation in individual intervals (%) Whole irradiation (%)

Interval Day A B C D E F Inteval Day A B C D E F

I 5 6 3 27 29 18 17

II 17 24 12 12 24 13 15 IFIT 32 13 6 2 26 16 13
I 16 3 16 50 16 12 3 [T 48 11 10 26 30 12 10
v 29 10 12 16 12 28 22 IV 77 11 16 22 18 22 11
\Y 42 11 22 23 22 12 10 Vo119 10 19 26 16 19 10
VI 37 7 7 6 15 34 31 I-VI 156 10 16 22 16 21 15

Thermal regime during exposure

To judge the influence of temperature on the course of hydrolytic and thermo-
oxidation reactions we measured the topical temperature of a sample placed at
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10:00 a.m. and 2:00 p.m. (Table 4). The results coincide with theintensity of the
falling light (Table 2-3). The most energy fell on the paper in the intervals V and
11, less in the intervals ITI, IV, T and VI, where in the interval VI the room was
already heated. The high intensity of irradiation in the interval V was mani-
fested, for instance, by the creation of carbonyls (Fig. 7). The results are average
values of the temperature from both measurements, and maximum and mini-
mum temperatures in the observed interval.

Table 4: Temperature of the samples during sunlight irradiating in the course of individual in-
tervals (average t standard deviation) .

Temperature in individual intervals Whole temperature
Interval Day oC Max. Min. Interval  Day oC Max. Min.
I 15  258%36 315 190
I 17 29.0£3.3 350 240 I-I 32 27.3£3.6 350 19.0
11 16 27.9£3.0 330 190 I-111 48 27.6+2.8 350 190
v 29 27.8%5.1 360 190 -1V 77 27.6£3.5 360 19.0
\Y 42 29.5549  39.5 220 I-v 119 28.0t4.0 395 190
Vi 37 26.3+49 380 180 I-viI 156 27.8+4.1 395 180
Measurements

The following parameters were measured:

e Double folds. After conditioning the samples were tested for the number of
double folds according to Schopper'®. Induced tension was 10 N in the sam-
ples 1,2 and 6 and 2,5 N in the samples 3, 4 and 5. There were 10 measure-
ments and an average is given for 8 measurements; the two most extreme values
were excluded.

o Brightness. The brightness (reflectance) of samples was measured, as deter-
mined in our preceding work, at 457 nm°®. We did this on both the irradiated
and on the reverse sides of the paper. An average of 10 measurements is

given.

e Acidity. The 6 x 1 cm samples were extracted in 2 ml of deionized water (pH 7) at
100°C for 1 hour. Acidity in the extract was determined using a pH-meter M-
120 Mikrotechna (Czech Republic). The average of 5 measurements is given.

e Extractable agents. Light absorbance (optical density) of the extract was meas-
ured at 457 nm by the photocolorimeter Specol 11 (Carl Zeiss, Jena, Ger-
many) before determining the pH. An average of 5 measurements is given.
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Sample preparation for both C-samples (soaked in methanol) and D-samples
(deacidified in MMMC) removed original degradation products. Extractable
agents detected are therefore considered to have been formed during irradiation.
It is certain that, besides coloured degradation products, a small amount of col-

ourless extractable degradation products are formed. Their proportions were not
determined.

» Carbonyl content in individual samples was determined by the hydrazine
photocolorimetric method according to Albertsson and Samuelson!’. An aver-
age is of 5 measurements is given.

Carboxyl content was determined by the photocolorimetric reaction with
methylene blue (MB) according to the method T-237 su-63'* with modifica-
tion for the low weight samples. An average is of 4 measurements is given.

Lignin content. So-called Klason’s lignin in the samples of each newsprint pa-
per was determined according to the method of Kénig and Rump?. The

amount is expressed as a weight percentage of lignin in the dry paper sample.
The average is of 3 measurements is given.

Table 5: The amount of lignin observed in paper samples“.

Paper No 1 2 3 4 5 Wi
Lignin (g/100 g dry paper) 18.5 17.5 17.0 21.3 15.0 0
RESULTS AND DISCUSSION

For basic characteristics of selected types of groundwood papers!! and chromato-
graphic paper W1 before and after 156 days of exposure on light and the same
paper samples after deacidification see Fig. 1. Compared to the groundwood pa-
pers 1-5 the following most basic characteristics of chromatographic paper W1

were observed; these are therefore the characteristics of cellulose and the degra-
dation reactions of cellulose:

e The paper is neutral, with a very small amount of aqueous extractable agents;

* it has very low carbonyls and carboxyls content (even the carbonyl/carboxyl
proportion) similar to groundwood paper of the sample 5.

These differences enable us at least partially to recognize light induced oxida-
tion reactions in the cellulose and lignin molecules of groundwood papers.

The alkalinity of papers after deacidification measured in an aqueous extract
is increased to values around pH 9; only in W1 it is higher. This value is impor-
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Fig. 1: Analysis of samples before and
after 156 days of irradiating on daylight.
OQutline symbols: C-samples; - solid
symbols: D-samples.
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tant t‘o judge the influence of the alkaline medium on the course of auto-oxidation
reactions of cellulose®* . Generally, there is a significant increase of the extract-
able agents after deacidification in groundwood papers, coinciding, to some ex-
tent, with a decrease in brightness. With W1 the increase of extra’ctable agents
caused by deacidification is distinctly less there is virtually no change in bi ht-
ness f:\t all. This reflects the crucial role of lignin in the creation of coloured pfod-
uf:ts in the alkaline medium of MgCO, formed from the MMMC, as well as its
direct reaction with lignin molecules’. It seems that the content of ’carbonyls and

sarboxyls in groundwood papers as well as in W1 is not changed by deacidifica-
ion.

irridiation time (days) irridiation ti
irridiation time (days
20 80 100 140 20 60 100( y&o

| I —

e e +—

., K
Q7—Mo
] \\—o‘o—__(:q :5
4 [
- [4
jpaperW1 paper1 F
-
10
o
-
- N_
— 7 Jé_

paper 2 :
paper 3
"
10 -
—10
57
4
paper 4
;ofs' . e .j paper 5
0 100 140 20 o 140
8o 60 100
irridiation time (days) irridiation time (days)1 0

Fig. 2: Acidity and alkalinity of the W1 paper and news

symbols: C-samples; - solid symbols: D-samples. prints during irradiating on light. Outiine
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The folding endurance of groundwood paper after deacidification is lower,
which may be due in part to a corresponding augmentation of grammage from
the alkaline reserve, in effect by providing additional filler. The folding endur-
ance of W1 paper, however, is increased by deacidification”. We ascribe this
phenomenon to the reaction of MMMC with the hydroxyl groups of cellulose.
In this way bonds of CH,-O-Mg-O-R or R-O-Mg-O-R type may be formed.
This will have to be proved by further research.

Irradiating groundwood paper has a significant influence on the basic qualities
of paper, which change as a consequence of light induced oxidation reactions on
lignin. The changes that take place during light ageing irradiating can be divided
according to their dynamics, into both the changes occurring shortly after ir-
radiation has begun and the changes provoked by long-term exposure to light

Acidity and alkalinity (Fig. 2)

Even short-term irradiation of groundwood papers has significant influence on
the increase of paper acidity: the pH decreases. Regardless of its initial state, the
pH decreases to 4-3,5. This decrease is more significant in modern newsprint
than in historic newsprint papers, which are already considerably acidic. As far
as the acidity measured in an aqueous extract is concerned, we assume that the
decrease of pH is caused mainly by low-molecular water-soluble agents, i.e. or-
ganic acids created as degradation products of lignin or cellulose’. The decrease
of pH is very rapid for the first 48 days of exposure. After this time the decrease
is considerably slower.

Deacidification raises the pH of the extract to 9-10. After irradiation the value
gradually decreases approximately by 1. In W1 and Paper 5 the pH is not changed.

Compared to dry accelerated ageing, where the crucial process of degradation
is an acid catalysed hydrolysis, the decrease of pH of groundwood paper, after
irradiation is much quicker. We assume that the temperature at which the light
induced oxidation takes place (cf. Table 4) does not significantly influence the
speed of hydrolytic reactions.

Folding endurance (Fig. 3)

Changes in paper strength are the result of the changes in all paper components
that take place during thermal ageing, irradiation and whatever other conditions
a paper is exposed to. Folding endurance of modern newsprint rapidly decreases
immediately after irradiation up to the 48" day of exposure, Sample 1 having
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considerably worse mechanical qualities than Sample 2. The decrease in historic

Papzirs is rapid, but equable. The strength of Samples 3 and 5 after 156 days of
irradiating is very low. In W1 there are two stages i

‘ . fow. In ges in the decrease of stre :
immediately after irradiation, and up to approximately 30 days, when thertle1 %:ha
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significant and rapid decrease. After that period the strength is not changed by
further irradiation. The pH does not change, during either the first or during the
second period.

Deacidified modern newsprint papers already have lower folding endurance
before being light aged. They lose further strength during light ageing, as, to a
lesser extent, do C-samples and after 156 days the strength of the deacidified
samples is similar to that of samples, which have not been deacidified. The
course of light-induced ageing in historic newspapers after deacidification is dif-
ferent. The papers lose their strength very rapidly; they are already weak by the
15" day. The next stage in the decrease of strength is slower, but faster than in C-
samples. After 77 days the strength of C-, and also of D- samples is very low and
there are no significant further changes. On W1 the favourable influence of de-
acidification is also manifested during irradiating; this paper keeps its increased
strength during the whole course of this treatment.

Comparing the results with those of dry accelerated ageing we can state that
the loss of strength of groundwood papers after irradiation, is significantly higher
and that it has a different course within a time frame. During dry accelerated
ageing of groundwood paper a favourable influence of deacidification can be ob-
served. This is not supported by our observations in the course of irradiation, i.e.

light ageing.

Brightness (Fig. 4 and 5)

The brightness of groundwood paper rapidly decreases up to about 30 days after
irradiation, except with Sample 5. This decrease is more rapid in modern news-
print papers even considering their higher initial brightness. The decrease in his-
toric papers is smaller. Further irradiation does not significantly change the col-
our of all samples. The brightness of the Sample 5 is not decreased during light
ageing; it even increases after approximately 77 days. We assume that there is a
bleaching effect of light*’. - The brightness of W1 is not changed.
Deacidificationcauses significant yellowing of groundwood papers®. During
irradiating we observed a further decrease of brightness. After the 30" day of ir-
radiation no more change took place. The difference between C-samples and de-
acidified papers was minimal.
Compared to dry accelerated ageing, the change of brightness during irradiation
is completely different for both the deacidified samples and those which were
not deacidified. The decrease during dry accelerated ageing is not significant, but
it is equable and slow; the considerable initial difference between D- and C-sam-

ples was not significantly changed.
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Fig. 4: Brightness of the W1 and newsprints after irradiation by daylight on the irradiated side.
Outline symbols: C-samples; — solid symbols: D-samples.

The course of yellowing of the reverse sides of irradiated papers, C- as well as D-
samples, is significantly different from the irradiated sides. In modern newsprints
the decrease of brightness on the reverse side is slow and equal during the whole
course of irradiating, even if the brightness on the illuminated side does not
change further after its initial sharp decrease. We attribute this phenomenon to
diffusion of colour degradation products from the irradiated side to the reverse
one. In historic papers the decrease is even slower and the difference between
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Fig. 5: Brightness of reverse side of the W1 and newsprints after irradiation by daylight on the
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the initial and final values is very small. The brightness of Sample 5 does not

change. The bleaching effect of light observed on the iradiated side of Sample 5
. ide.

can also be observed on the reverse st . o - -

anThe reverse sides of deacidified papers yellow in a similar way as in the (;

samples. but the initial difference in brightness between C- and D—samPles grad-

uall)}/) les’sens in the course of irradiation. The brightness of W1 essentially stays

the same.
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Water extractable agents (Fig. 6)

R'egar.ding water extractable agents there is little difference between modern and
hxstf)nc newsprints, neither in their amount nor in the course of being formed
during prolonged irradiation. There is one exception: In Sample 5 about 50%
l'ess extractable agents are formed. The pure cellulose paper W1 contains very
thle? of these agents, and their amount does not change significantly during ir ra-
diating. In three of the five groundwood papers chosen for the experiment
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Fig. 6: The amount of water ext
ractable agents originating during irradiati i :
C-samples; - solid Symbols: D-samples. ’ ? EUng imadiaing. Outine symbol:
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(Sample 1, 3 and 4) deacidification caused an increase formation of these agents;
there was no significant differences between C- and D-samples for the samples 2,
5and W1.

If we compare the creation of water extractable agents during irradiation and
during dry accelerated ageing, we can see that in the first case much more of
them are formed (with the exception of Sample 5). The amount of these agents is
increased about 8~10 times in modern and about 4 times in historic newsprints,
while with the Sample 5 the increase rate is about 1,5. From alkaline papers (D-
samples), compared to neutral or acid ones, there are significantly more agents
extracted than from the acidic C-samples. There seem to be light-induced proc-
esses on lignin finally resulting in water-extractable compounds, which take
place in an alkaline environment to a significantly higher degree than in an acid-
ic one. Since these compounds are the final products of degradation, their analy-
sis could help to understand the detailed course of such a complicated process as

the ageing of historic groundwaod paper*-*!.

Carbonyls (Fig. 7)

A determination of these groups is giving information on oxidative degradation
taking place in the macromolecules of cellulose and lignin in presence of oxygen
after light ageing.

Within very short time after irradiation (32-48 days) there is a high increase
of carbonyls in newsprint papers. This indicates that this paper is very sensitive
to light. After longer irradiating of modern papers the amount of carbonyls is in-
creased further, even if not as intensely as in the beginning. The maximum.
amount of carbonyls in historic papers {samples 3 and 4) is reached on approxi-
mately the 48" day at the value of about 20 mmol/100g. This refers to the differ-
ence between light induced oxidation of modern and historic papers. In Sample 5
the carbonyl content increases significantly more slowly, with a peak at about
13 mmol/100g after 120 days of irradiation followed by a decrease. This phe-
nomenon ~ a decrease after prolonged irradiation — can also be observed with
Sample 2, 3 and 4. In cellulose {(Sample W1) light induced oxidation resulting in
carbony! increase also takes place, even if in a much smaller amount; there is a
peak at 3-4 mmol/100g after the longest periad of irradiation.

Deacidification of groundwood papers, i.e. adding Mg-ions®, significantly in-
hibits the creation of carbonyls®. The trend of their increase during irradiating is
similar to that of the C-samples, but their amount is lower: in modern newsprint
about 23-27%, in historic papers about 22-43%. The Mg-caused inhibition of
light induced oxidation can be observed even in the pure cellulose paper W1.
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Comparing these observations with dry accelerated ageing it can be stated
that oxidation reactions in the degradation of modern and historic papers, as it is
evaluated by the amount of carbonyls during dry accelerated ageing, is very low
and that there is further possibility for oxidation in the paper und,er research,
mainly on its lignin. The amount of carbonyls during degradation of paper stabi-
lises quickly at a certain value and then it does not change.

Carboxyls (Fig. 8).

The for‘n.1atio.n of carboxyls are another intermediate stage of oxidative de-
composition in the macromolecular structures of cell

forming low- ulose and lignin and in

molecular water soluble agents. A determination of their additional
amount provoked by deacidification with MMMC and the interpretation of the
results are complicated and do not significantly help to explain the course of
ageing, of mainly of groundwood papers!*.

The amount of carboxyls formed during light induced oxidation in modern
newspapers, which have considerably high carboxyl content already before irra-
diation, is increased up to the 32 day. Further irradiating does not result in a
further increase of carboxyls; on the contrary: despite the increased amount of
Farbonyls and water soluble degradation products, a slight decrease of carboxyls
is recognised. A similar situation applies for historic newspapers. The amount of
carboxyls in W1 is much lower, but we observed a slight, regular increase during
the whole course of paper irradiating, similar to the increase of carbonyls in this
paper. This course of light induced oxidation indicates that, on cellulose the
c.hange of carbonyls into carboxyls is very slow, and it is shov:'n also in the con-
siderably low amount of coloured Wwater-extractable agents and the course of
their creation in this paper during irradiating

The deacidification of samples was not si
amount of carboxyls formed during the whole

The course of carboxyl formin
celerated ageing.

gnificantly contributory to in the
course irradiation.
g during irradiation is similar to that during ac-

CONCLUSION

Pure cellulose paper
. dDespite tl}e very low pV content in the light used for irradiating, the light in-
uced oxidation reactions take place even on cellulose, at least to a small de-

gree.
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e pH is not changed during irradiation.

e The amount of light absorbing agents is very low, which again confirms the
low reactivity of cellulose towards light.

o The brightness of this paper does not significantly change during irradiating.

e Pure cellulose paper has a low carbonyl and carboxyl content.

e After deacidification, there is an inhibition of the creation of carbonyls. This
inhibition is probably caused, to a considerable extent by the antioxidative ef-
fect of Mg.

e Deacidification with MMMC has a very positive influence on the strength of
paper made from pure cellulose.

o When evaluating the results regarding Sample W1, it must be taken into ac-
count that the cellulose of this paper was produced under different conditions
from those used to prepare cellulose for modern and mainly historic news-
print and also that its stage of degradation is different.

Groundwood papers

e We assume that the share of cellulose in degradation reactions of groundwood
papers is low and that the observations we made give a picture of mainly lig-
nin degradation.

e After irradiation the papers become acid very quickly. Acid degradation prod-
ucts can be extracted from the paper and light induced oxidation takes place.

e The paper significantly yellows right from the beginning of irradiating. The
diffusion of degradation products deeper into the paper slows down the yel-
lowing in the course of further irradiating.

e In some types of paper long-term irradiating by daylight can have a bleaching
effect.

o Light induced oxidation is manifest by the significant creation of carbonyls;
the carboxyl content does not have a considerable parallel change into the
degradation products.

e Intense deterioration of the mechanical qualities takes place after only brief ir-
radiation and this deterioration is crucial for the usability of paper. It is mainly
the light induced oxidation reactions of lignin, rather than the hydrolytic reac-
tions of cellulose and lignin, which share in the deterioration.

e An alkaline reserve created by deacidification suffices to secure the alkaline
reaction of paper, i.e. to neutralize acid degradation products.
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The alkaline medium inhibits the creation of carbonyls in the process of light
induced oxidation of lignin, but increases the share of hydrolysis reactions in

the degradation of paper. In this way a different composition of degradation
products is to be expected.

An inhibition effect on the course of light induced oxidation of lignin is prob-
ably caused by the presence of Mg ions in paper, and also by the neutralising

agent bound to phenolic hydroxyl groups, which hinders their change into the
reactive phenolic radicals.

Deacidification with Mg increases the yellowing of paper, but the difference
between original and deacidified papers is lessened during long-term irradiat-
ing.

Deacidification has a significantly unfavourable influence on the mechanical
qualities of modern and historic groundwood papers evev soon after irradia-

tion. Acidity elimination has no favourable influence on the actual strength of
groundwood papers.

The unfavourable influence of light on the life of groundwood papers is con-
siderably greaterr than we expected. Therefore suitable light conditions, when
exposing books and documentary exhibits made from groundwood paper, are
highly recommended. It seems that deacidification of groundwood papers results
in a good condition for their storage in dark rooms, but limits their utility for
presentations in museums, galleries, libraries and archives.
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SUMMARIES

The Influence of Light on Ageing of Newsprint Paper

Irradiating of groundwood paper (newsprint) by modified sunlight has a considerably high deg-
radation effect which is manifested by yellowing, increased acidity and loss of mechanical quali-
ties. It is shown that the lignin component of such paper is most sensitive to light. Light induced
oxidation reactions are of crucial importance in the degradation of lignin. Deacidification of
groundwood papers with MMMC significantly inhibits the course of light induced oxidation re-
actions, but increases certain processes which result in a greater amount of water extractable deg-
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radation products and in lower folding endurance. Deacidified papers are very sensitive to light
radiation, which significantly limits their utility for exhibition purposes. The cellulose component
of groundwood paper is resistant to the degradative effect of light.

Linfluence de la lumiére sur le vieillissement du papier a base de pite mécanique

L'irradiation du papier 2 base de pte mécanique (papier jo@d) par une lumiére solaire m‘odxﬁe: ;: 1:12
effet considérable de dégradation qui se manifeste par le )aunlssenx_ent, paf un alcc;fnsstem n de
Ia teneur en acide et par la perte de résistance mécaniq.ue. On a dﬁzmonh:e qt;e a xg'n:;e';c:n :I
nue dans ce papier est trés sensible a la lumiére du solell‘. Les reactfon-s d (z(yde}uor? dxr; u;ﬁ onpdu
la lumigre ont une importance cruciale dans la dégradation de la lignine. La es’af:x i x::éthox :
papier contenant du bois {pate mécanique) au moyen de c’arb.onated ,de r;afnes;g;nunes ar{a
méthylique (MMMC) inhibe significativement le cours c.les reacuoxvls oxy ]’a ion induite l:) o
lumiére mais accroit le nombre des produits de dégradation ‘extract'lbles parPean e ren:lde et
stance au pliage. Le papier désacidifié de cettc? fa?tin est tres sensub(lje au ray;)izx;r:; tdela v
midre, ce qui limite significativement sa capacxte’a étre Auuhse polur fs expo .

contenue dans le papier-bois résiste a I'effet de dégradation de la lumiére.

Die Beeinflussung des Alterns von Holzschliffpapier durch Licht

Die Bestrahlung von Holzschliff- (=Zeitungs-) Papier mit m.odiﬁziex.*tem Sonnen:cht l:iewirl;t“des:
sen Abbau in bemerkenswertem Ausma8, was sehr bald in Vergilbung, 'zune m'en e;nB daur'e

tickgang der mechanischen Festigkeit Ausdruck findet. Es w:rd. geze?xg(, d a.s'm
(gl?hszjrtnu;: iI:‘rlCengthaltene Lignin besonders empfindlich gegen Sonnenlicht ist. Eme.Neutrahsne-
mig des fr‘)[olzschliffpapiers mit Memylmethoxymasnesiumclarbonat (MM;\/IC) :ewng:: Si::
lich den Ablauf der lichtinduzierten Oxidation, hat jedoch einen Anstieg der mi uﬂiiertes o
hierbaren Abbahprodukte und einen Riickgang der Falzz'ahl zx.lr Folge."Derart n;elu i res P
pier ist sehr empfindlich gegen Lichteinstrahlung, was seine Eignung fiir A.usste ung? ebba _
cinschrinkt. Die in Holzschliffpapier enthaltene Cellulose ist unempfindlich gegen die abbau

fordernde Wirkung des Lichtes.
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Migration of Volatile Compounds
through Stacked Sheets of Paper
during Accelerated Ageing

Part 1: Acid Migration at 90° C
by HENRY CARTER, PAUL BEGIN & DAVID GRATTAN

INTRODUCTION

The discolouration of paper that is in contact-with acidic .mate;'ials ha§ oft(:lr}
been attributed to acid migration’. An e)-(gfnpl;;zi r?;eizgzwglzgeztei:}ffr tEsclon N
i i t containing acidic p is 1
;(:ti‘::ltho?zzij-ifi:ttilihzzids from onge paper, <lioes not seenll to oc;ur ata SIgzltleﬁ(i
cant ra;e beyond the adjacent sheet of paper. However, it h(;jf eten ts;:igl; ted
that volatile acids would be able to migrate through paper much faster
. )
VOIZUIC a:il - .to Shahani®¥, the accelerated ageing of papers in stacks generates
volatc;ZraC?dgj ¢ degradation products that ac?umulate,jn th; papetrh an;(i) lir)zl:alzﬁ
to escape into the environment. This “stacking effect” produces the g
sults: | |
o Stacks of 100 sheets of paper age faster than individual s'heeftfs. 'fhat :Isl,ed:iz max:
gration of volatile acidic products creates an z}utocatalytlc e etca E: the d r%r(ss
dation of paper, resulting in an enhamfed ageing of pfit;l)sr ins rcst‘;ICks ks’
also observed that the accelerated ageu.lg of paper within pape
at a faster rate than does the ageing of single sheets. N
o Following accelerated ageing, the stacks of paper have an odour similar to that
observed in old books, while the single sheets do not.

* Compared to single sheets, accelerated ageing leaves the pH of paper stacks

about 0.5 units lower. ‘ ‘
Duri elerated ageing, single sheets that are encapsulalted in 4 mil {0.0254
T ) ;liccth lene terephthalate (PET) become brittle thC(? as fast as sheets
Entl) }:;ey zotyencapsulated. However, if the sheets are deacidified with aque-

at wi

i ifeti the sheets
i i i encapsulation, the lifetime of
ous magnesium bicarbonate prior to p ,
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is extended dramatically. In addition, if the sheets are encapsulated along with
alkaline paper, the lifetime of the sheets is extended significantly. Presumably,
the alkaline sheets neutralize the volatile acidic degradation products.

Following the premise that volatile acidic degradation products escape from

single sheets during accelerated ageing, but remain trapped inside stacks of sheets,
an experiment was designed to observe the mi

gration of volatile acidic products
through stacks of sheets.

Previous experiments have involved either the accelerated ageing of stacks of
sheets, placed between glass plates and exposed to the atmosphere of the oven’,
or accelerated ageing of paper within sealed enclosures™
volves the accelerated ageing of a stack of 30 sheets with a
tom and a 1 inch plexiglass frame at the top of the stack. The plexiglass frame,
while holding the stack of papers in place, prevents volatile acidic products from
escaping where it makes contact with the paper. At the same time, volatile acidic
products escape through the larger section of the stack where the frame does not

make contact with the paper. Following accelerated ageing, both sections of the
paper were tested.

. This experiment in-
glass plate at the bot-

EXPERIMENTAL

Samples

A commercial alum-rosin sized, fully bleached, kraft
mage = 115 g/m’) was used.

paper (pH = 4.66; gram-

Accelerated ageing

A stack of 30 sheets was aged at 90°C and 69% r

prepared by placing 30 sheets of paper between a glass plate at the bottom and a
1 inch (2.54 cm) plexiglass frame (% inch thickness) at the top of the stack. The
plexiglass frame measured 11 x 8 Vs inches to fit perfectly over the paper.

elative humidity. The stack was

Tésts

Tristimulus colour measurements were made using a Minolta CR-300 chroma
meter with a D65 light source. In particular, CIE b’ values, that represent the
yellow-blue component of colour perception and are a reflection of the degree of
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Y oss the middle
ellowing of paper were recorded. Measurements were made acr
s

i d averaged. Measurements

d by the plexiglass frame an s

" eaca}i I;a:gnea:il: to(rllo:I:eengs of the paper that had been covered by the plexi
were als

e ts were made using the Pulmac ap-

- tensile strength measuremen !

Dry fe'rl‘(;xsp;n z;(l)—span tensile strength is considered to be a good measure

p?rtzll:ust. gethrcz,f fibres in the dry state®. Before zero-span measuren;ex;tls were

ren . A )

:)nad: tshe paper was preconditioned by drying at 40°C for 4 hours and allowing

to equilibrate overnight.

tion pH of : :
(Cgl};; Csct);idea);gaé..‘ZSPE) and in a 0.1 M sodium chloride solution

ini tion pH using deionized wa-
i ter. Obtaining the cold extr.ac ‘ deior
o s 9t40 ill_llnrtnfor hydrogen ions that remain located in the mt.enor ;)f ﬁthe
terud;)es I}Ob 2Cwan These hydrogen ions can be released to -the exter.l(ci)r so1 uti Or?
ceh ; Oiflelplr—l is m;:asured through ion exchange using a sodium chloride solution.
where

the paper was measured in both deionized water
P ¥ using an

RESULTS AND DISCUSSION

eing of the stack of 30 papers at 99°C and 6.9"/0 reflative
gion of paper covered by the 1 inch plexiglass ra;ne
the paper open to the oven atmosphere for the first
difference in colour between the open sec-
lexiglass frame could be visually observed

For the first page, the average
: t the top of the stack. : :

for the ﬁrSt. sevenl 1P Tge:t a;he edgepcovered by the plexiglass during accelerated
vah'le for : 8\/;)8 for- the paper open 0 the atmosphere of the oven. As ofnt;z1 go::
age:ntlgl aIfl'rst .seven sheets and further into the aged stack, the darkness of the p
pas €11

more uniform and the colour of the paper covered by the 1 inch
per appears

border of the frame and the paper exposed to the atmosphere of the oven ap-
order of the fr.

pe;'llfix théISEIE?. alues for the pages of the stack of 30 papers following ageing are
e v

b* values were consistently measured
shown in Téble p fToach;:;:efrg: ﬁesf’t to right, and the values for the paper t}iln
across he mlddl'e - re averaged. Colour measurements were. made for the
the frame op e wfe ames, but only the b* values for the left middle edgf:s are
edges covered by the & be’seen the b* values for the edges vary only slightly
shown in Table 1. 28 Canll 48 Hére noticeable degradation of the paper has oc-
le ’aci;iic prt’)ducts are prevented from escaping by the

Following accelerated ag
humidity for 7 days, the re
was noticeably darker than
few sheets at the top of the stack. The
tion and the section covered by the p

and range from 11.10 to.
curred where the volati
plexiglass frame.
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Table 1: Data of pages of a stack of 30 papers from top to bottom following ageing at 90° C and

69% RH for 7 days
b* values Zero Span Tensile Strength pH
page not cove- covered km/15  km g/m? H20 0,1M °C
red mm NaCl

control  5.11 511 19.9 11.5 114.9 4.66 4.56 23.0
1 8.59 11.19 12.8 7.36 115.9 4.85 4.48 23.0
2 9.19 11.10 11.4 6.48 1174 4.60 4.39 23.1
3 9.58 11.19 10.1 572 117.8 4.50 4.34 23.1
4 9.84 11.26 9.38 5.26 118.9 4.48 4.33 230
5 10.17 11.28 9.16 5.15 118.6 4.41 4.30 23.5
6 10.45 11.37 8.83 5.11 115.1 4.37 4.26 23.0
7 10.63 11.47 8.91 4.99 119.0 4.36 4.26 23.0
10 10.74 11.26 8.35 4.86 114.5 4.32 4.26 23.1
12 10.96 11.48 8.32 4.72 117.6 4.26 4.23 23.0
15 11.07 11.37 8.06 4.54 118.3 424 420 23.0
20 11.00 11.15 8.02 4.53 118.1 432 4.25 23.7
25 11.08 11.22 8.02 4.51 118.5 427 4.24 230
30 11.09 11.21 7.73 448 115.0 4.21 419 230
1-edge 791 4.55 1160 4.30 425 23.5

In contrast, a dramatic difference is found for the paper in the frame opening.
As seen in Table 1 and in Fig. 1, the b’ values rise quickly from page 1 at the top
of the stack to page 7 and then taper off to approximately the values found for
the edges of the paper covered by the plexiglass frame. The observed trend sug-
gests migration of volatile acidic products from the bottom of the stack to the top
and out through the open window of the frame. The b’ value is lowest for page 1
at the top of the stack where the volatile acidic degradation products can readily
escape and highest for the middle of the stack and beyond where the acidic prod-
ucts are hindered from escaping.

Zero-span tensile strength measurements in the machine direction are shown
in Table 1. Zero-span tensile strength values were converted to zero-span break-
ing length values and plotted versus page number in Fig. 2. Again, similar trends
are observed. The zero-span breaking length is highest at 736 km for page 1 in
the open window of the frame at the top of the stack. Fibre strength decreases
going from the top to the middle of the stack where the zero-span breaking
length of 4.54 km becomes similar to that of the edge of page 1 at 4.55 km.

PH measurements for samples in both deionized and 0.1 M NaCl are shown
in Table 1. Both series of measurements show a downward trend going from
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page 1 to about the middle of the stack where the pH tapers off to a value (4.?4
for deionized water) close to that for the edge of .tht'z paper (abou't 4.30 f9r deu‘)-
ized water) covered by the plexiglass frame. This is again c.onsxs.tent with acid
migration through the stack. As expected, the pH values obtained in 0.1 M NaCl
are lower than the corresponding values in deionized water. However, the 'pH
range for the pages in the stack is broader and more pronounced 'for tl?e delion—
M NaCL A plot of the pH values obtained in deion-
ized water versus page number is shown in Fig. 3. The pH value of 4.85 for page
1 is quite noteworthy in that it exceeds the value of 4..6‘6 for the unaged paper.
This would suggest that the migration of volatile, acidic products through the

frame opening has left the page at the top of the stack less acidic.

ized water compared to 0.1
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CONCLUSION

Evidence for the “stacking effect” at high temperatures has been found from col-
our, pH and zero-span tensile strength measurements on a stack of 30 sheets of
commercial alum-rosin sized, fully bleached kraft paper. Under conditions of ac-
celerated ageing at 90°C and 69% relative humidity,
through a stack of acidic paper. If the top of the stack is open to the atmosphere
of the oven while the bottom of the stack rests on a glass plate, the migration of
volatile acidic degradation products occurs towards the top of the stack.

Whether or not the same extent of acid migration
riod of time in books under ambient conditions is yet to be determined. In fact,
it is difficult to extrapolate to room temperature conditions information obtained
at high temperature", where the relative importance of competing mechanisms
for the ageing of paper may be different” ™" In addition, diffusion rates of vola-

tile acidic products are not expected to keep pace with the formation and reac-
tions of degradation products as the tem

that the “stacking effect” and acid migration are artifacts of accele

acid migration takes place

naturally occurs over a pe-

SUMMARIES

Migration of Volatile Compounds thro

ugh Stacked Sheets of Paper during Accelerated Age-
ing. Part 1: Acid Migration at 90° ¢

The effect of accelerated ageing at 90°C and 69% relative

humidity on a stack of 30 sheets of
commercial alum-rosin sized, fully bleached kraft paper was

La migration de composés volasils 4 travers les piles de papier lors du vieillissement aocé-
léré. 17 partie : La migration acide ¢ 90'C
On a analys¢ I'effet du vieillisseme

30 feuilles de papier ordinaire vendu dans le commerce (
collage 2 la résine). La Pile a été placée entre une plaqu
xiglas de 1 pouce (=2,54 cm)

nt accéléré a 90°C et 69% d’humidie relative sur une pile de
cellulose au sulfate fortement décolorée,
e de verre au-dessous et un cadre en ple-

au-dessus. Les paramétres utilisés pour décrire les variations de la
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ési a la traction et le pH (potentiel
i jauni *}, la force nulle de résistance a poter
ile sont : le jaunissement (CIE b*), le d e 2l 1 et le pH (potentil
g’h ;(:o ‘eme; Les trois types de mesure ont indiqué qu’une mlgr‘atm'n'volan: POHI:, roduits dune
dégiadafion a;:ide avait lieu tant 2 l'intérieur de la pile que vers l'extérieur p

dre en plexiglas.

Die Wanderung von fliichtigen Bestandteilen durch Papierstapel bei der beschleunigten
Alterung I Die Siurewanderung bei 90°C

i ng bei 90°C und 69% rF auf einen Stapel vgn
E; wurde dieii \'Yiflsllirclﬁ:;n;;;:::lz;f:ggiaeﬁ:l}::: Silfat-Zel]stoff, Harz.leim\;.ng) u:;tenrs;]c:xtl: ﬁ:
;taBkIltt ha:i] : Suischen einer unten liegenden Glasplatte und einem Obir; xeg;:r Zuﬂrete ngden
e von 1 2 ) Innenraum gehalten. Parameter zur Beschreibung dec nde
Vomen von 1 Zoll (2.4 o 'llr)’un (CIE b*), Nullbruchkraft und pH. Alle drei wiesen auh dfe
‘\'/Vera:demngf:?c}::x::: slﬁl;ng Abbiuprodukte innerhalb des Stapels und nach aulen durch die
anderung flii

Offnung des Plaxiglasrahmens hin.

REFERENCES

; Conservator 12 (1988): 93-100.
i i 1 aper on ageing. The Paper . -

) gamels,HVj& né: 1;:;’;’;’;: 110}::%«")0775&; Part 3. The Acidity of Paper. Journal of Chemical Educa:

2. Carter, H. A.: Che
tion 5 [1980): B83- 886, it really foretell the permanence of paper? In: Pro-

: ; . ing of paper: Can il Teally :

3. Sha:am, Cf{h A‘,:Cse'l;;\;“iisz"g:utge ;:)r standards research workshop on the effects of aging on
coscings o the i i Iy 1994: 120-139. ' -
prining and wriing papgs, I;‘hﬁ‘dzlfxgg:g)’N.: The effect of variations in relative ll:umzddztypon

. e ’ i istoric textile and paper

4, Slilahanl:’, (ii; I_{: nagfepr;l;,e,, In: Needles, H. L. & Zeronfan, S. H:, eds.seirliz:tsorl:cl Oex \:V uhingmn

: ‘I““_" Isr;l eCoflsei)atian and characlerization, Advances in Chemistry , 410,

malerials II: "

i i jety 1989: 63~80. . o .

D. C.: American Chemical S:}Cl:p);r in the light of six centuries of papermaking m( {ium['ie. In:.3 7Ac

Hendriks, K. B Permanens 47 ales d’étude de TARSAG, Paris, May 1994: lldl-l R

p B.: Accelerated aging as an aid in the evaluation of mass

p i i ference on conservation
i 1. 2) of the international con
idificati tments. In: Preprints (vo ) . o0t o0t
deacldlﬁcatw.n lfeaf m chive and library materials, Erice, April 1996: 629 s 46 (1972) 86,
and restoration of ar “ogro-span” lesting of paper tensile strength. Pulp and Pap - 46
I Cowan, W fk V?y ZOI Lz:throp A. L., Voelker, M. H. & Dearth, L. R.: Imporiance of Fi
8. Van den Akker, J. A, , ALy

i 41 (1958): 416 . . .
é”;:lgm ‘0 i]m; .gr;ns,g;./kﬁ"f[‘;f;;;:p; Extracts. In: Technical section, Canadian Pulp and Paper
9. CPPA standard G.25P:

; 8.
lati testing methods, 198 il . & Williams, PA.,
Association, standardHejg . df the fibre wall. In: Kennedy, J. F., l.’hllhps, G.O o i -:al_chemiml
10 Sealan, f.lM.: et a:zzxexploitation: Industrial utilization, biotechnology and physi
Eds. Cellulose sources

properties. London: Ellis Howard, %900. .
11. Bansa, H.: Accelerated aging lests in cons
staurator 13 (1992): 114-137.

tes des deuxi2mes journées intemf\ﬁoK
6. Bégin, P. L, Iraci, . G. & Hendriks, K.

ion research: Some ideas for a future method. Re-

83



Migration of Volatile Compounds through Stacked Sheets of Paper

12. Amey, J. 8. & Jacobs, A. J.: Accelerated aging of paper: The relative importance of atmospheric oxi-
dation. Tappi 62 (1978); 89-91.

13. Arney, J. S. & Jacobs, A. J.: Newsprint deterioration: The influence of oxygen-independent and oxy-
gen-dependent processes in the total rate. Tappi 63 (1980): 75-77.

14. Michalski, S.: Extrapolating edge effects in paper and other porous materials when volalile interme-
diates are involved. In: Accelerated aging meeting held at the Canadian Conservation Insti-
tute, February 29, 1996, Ottawa, Canada,

Henry Carter

Augustana University College
4901 46 Avenue

Camrose, Alberta

Canada T4V 2R3

Tel.: 780-679-1142

Fax.: 780-679-1590

Paul Bégin

Canadian Conservation Institute
1030 Innes Road

Ottawa, Ontario

Canada K1A 0M5

Tel.: 613-041-4992

Fax.: 613-041-4994

David Grattan

Canadian Conservation Institute
1030 Innes Road

Ottawa, Ontario

Canada K1A OM5

Tel.: 613-998-3721

Fax.: 613-998-4721

84

Restaurater, 2000, 85-100 Copyright © Saur 2000
Printed in Germany - All rights reserved RE Sm
ISSN 0034-5806
Foxing

A New Approach to an Old Problem
4y N.L. REBRIKOVA & N.V. MANTUROVSKAYA

INTRODUCTION

Foxing spots, or brown stains, can be considered as a widespread damage of draw-
ings, engravings, manuscripts, books, archival documents, and cotton fabrics.
They appear usually as stains of various dimensions: from. s'mall to .relatively
large. The paper affected by foxing stains is weaker, more acidic and friable than

the unaffected, uncoloured one.

APPEARANCE

The stereo-binocular microscopic examination of affected paper showed that
the foxing stains look like as if they were slightly pressed into the surface of the
substratum. As distinct from pigment fungal stains similar to foxing stains, the
colouring of the latter is more homogenous. Their colouring varies from lemon
yellow to dark-brown. Dark foxing stains are characteristic for those on high-
quality paper. The most light coloured ones, having a c1tnc.shade, are found on
low-grade paper like newsprint. Foxing spots in books, haYlng the Fenter of de-
velopment on one leaf, affect the neighbouring ones; th‘CI? mtengty decreflses
with increasing distance from the center of infestati(?n. ngld fragile formations
like crystals are occasionally seen in the center of fox1f1g stains. .

The number of foxing stains in a book, on a drawing or an engraving gradu-
ally increases with ongoing time. There are cases where, after some lapse of
time, they appear again after bleaching treatme.nt to remove them: N

Foxing stains show intensive luminescence in UV—hght at the initial phase. of
formation, when they are practically unseen in visible light. In the formed foxing
stains detectable at common illumination the peripheral zone only shows lumi-
nescence. Sometimes fluorescence of fully formed foxing spots is absent.
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Foxing

Foxing stains can be seen on different kinds of paper dating from the begin-
ning of 16"-century to 50’s, 60’s of our century. It is well known that they appear
on paper after a certain period of natural ageing. Their presence frequently
serves as one of the attributes of authenticity of drawings, engravings, and ar chi-
val documents for experts and researchers. Inspections conducted in museum
funds and libraries have shown that the number of books, art works, and docu-
ments affected by foxing increased relatively to unaffected ones with the reduc-
tion in the age of paper'. Foxing stains are mostly widespread on paper produced
in the end of the 18" up to the beginning of 20" century. Frequency of foxing ap-
pearance increase with development of paper manufacture: grinding instead of
beating the pulp, what results in deeper fragmentation; application of different
strong bleachers. It is well known that the development of industrial paper pro-
duction has rendered a negative effect on the long-term stability of the product.
On the basis of observations made during examination collections of drawings,
rare books and manuscripts, it is possible to contend that the appearance of
brown stains depends also on the history of their shelf life and use. Formation of

foxing spots is promoted by dust and various pollution, long exposure in light,
increased moisture, fluctuations of temperature and humidity.

RESEARCH IN FOXING

The history of research in the nature of foxing dates back to the 1930’s. Two ver-
sions of the origin of foxing stains have arisen simultaneously. One of them €x-
plains their formation by oxidation of iron. The other accounts their appearance
as result of development of microorganisms.

So far the problem is under discussion. It is interesting to note that research in
the foxing problem both via direct microscopic observations in visible light and
via scanning electronic microscopy has revealed only infrequent separate spores
and fragments of fungal hyphae, but not the accumulation of cells indicating col-
ony formation in the stain area. Attempts to obtain fungal isolates from paper
samples affected by foxing often led to unsuccessful results. Isolating fungi from
foxing areas, some researchers obtained different fungal strains present on paper
in dormant state. Usually there is a certain quantity of fungal spores and fragments
of mycelium on paper. Using these fungal isolates it was impossible to reproduce
foxing spots in the laboratory. Iron found in foxing stains was only a trifle over
that in the ambient areas. It was found mainly in the center of the foxing stains.
Such small amount of iron was insufficient to cause the formation of stains like
rust stains from the contact with metal objects. Therefore it stands to reason that
not the iron compounds are provoking the colouring of foxing stains. So neither
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“iron” or the “microbiological” hypothesis gave an answer to the all-arising ques-
tions. Both opinions did not explain the nature of foxing luminescence. Certain
researchers — microbiologists — consider the phenomenon of luminescence of
foxing stains as the evidence of their biological origin. But molecules of organic
and inorganic substances composing the living or nonliving systems show fluo-
rescence.

On the basis of experiments Arai®”® came to the conclusion on the fungal eti-
ology of foxing. In his opinion, Jocations of micro-colonies of xerophylic fungi
could be the areas of foxing formation and the appearance of foxing stains is not
connected to fungal pigments dyeing of paper (fungal pigment stains)..The col-
oured products emerge in the process of interaction of oligosaccharides with
amino acids. The amino-carbonyl reaction is also named as the Maillard reac-
tion. Oligosaccharides are formed upon partial cellulose hydrolysis by fungal or-
ganic acids. Amino acids are liberated as a result of the fungal cells breakdown.

However, fungal isolates from fungal colonies on foxing stains have b?e? ob-
tained only after incubation of the paper samples in a chamber. providing a
humidity level of about 80%. In this high humidity fungal colome§ that were
allocated in cultures began to develop on the paper samples. The primary fungi
development in foxing stains can be explained by the fact that at their locations
small hollows are formed where dormant spores as well as mycelium fragments
can accumulate. The laboratory reproduction of brown stains was carried out
not as a result of infection of paper samples by allocated fungal cultures, but
applying the drops of organic substance (carbohydrates @d amino amd‘s) so‘lu~
tions on the paper. Found in the foxing area mono- amdl dicarbonic organic ac%ds
had been assigned to the metabolic products of mould *. However, organic aqus
could also be the products of cellulose destruction, for instance as a result of oxi-
dation. Thus, in our opinion, the version of fungal etiology of foxing appears to

be insufficiently convincing. ‘ o .
Italian scientists also have conducted investigation in foxing in order to find
proofs for the hypothesis of their biological origin. .They stufiied .foxing stains by
scanning electronic microscopy.- They also tried to isolate mlcrf)blal agfmts'of t.he
disease and to reproduce the observable damage of paper by moculatmg'xt with
them”. As a result of isolation on nutrient media relatively few fungal isolates
were obtained in relation to the number of made sowings. The results of isola-
tion of microorganisms fitted well with t on ;
on paper damaged by foxing. Microscopy exzm@ahon re.vealed some infrequent
spore and hyphae that are always present, particularly in old papers, and no
signs of developing fungal colonies were found. Only two fungal isolates —
Chaetomium spinosum and Aspergillus terreus — were able to reproduce the yellow
and brown stains on the paper. Therewith, the medium with the submerged
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strips of paper contained FeCl, (between 25 and 400 mg/l), and the abtained stains
showed no fluorescence. A. Strzelczyk has experimentally received the stains
similar by their colour to foxing by inoculating the paper with cultures of acti-
nomycetes'. However, she considered that foxing spots could appear both as a
result of development of microorganisms and as a consequence of chemical pro-
cesses. All the microbiologists who investigated foxing spots concurred that in
the stain area clusters of cells of microorganisms were lacking. The results of mi-
crobe isolation on artificial nutrient media are frequently negative. The investi-
gators have isolated different fungal species. Concurrence in the published lists is
rare enough. The microscopy of foxing stains, the results of isolation of microor-
ganisms and analysis of microclimate parameters where they are formed, as well
as attempts of experimental reproduction of foxing in the laboratory via paper
infection by microorganisms do not permit to make the conclusions on micro-
bial etiology of foxing spots.

The French scientists conducted an interesting research on foxing. They ex-
amined foxing stains applying the fluorescent analysis and infrared spectroscopy.
The measurement of foxing stain fluorescence with the aid of a spectrofluorime-
ter has shown that the luminescence intensity was on the average twice or three
times higher than that of surrounding paper {rag paper with gelatinous sizing).
The maximum of excitation for the luminous foxing stains was marked at
wavelength of 395 nm, maximum of emission at wavelength of 460 nm. Analy-
sis of foxing by infrared Spectroscopy has shown the presence of compounds
containing carbony! groups, unsaturated compounds with double bonds =C,
=N, C=0, diene type ones with conjugated double bonds X=C=Y {where X is
CorNand Y is C, N or O) bound with sugars’. All mentioned compounds can

be formed during the process of cellulose oxidation. Besides, they can be formed
as a result of condensation reactions in the act of inter

action of products of cel-
lulose oxidation with nitrogen-

containing compounds. The products of cellulose
oxidation impart a peculiar colour to the stains, yellow for the double bond
compounds, and brown for those containing nitrogen.

FURTHER RESULTS

Inspection of museum and library collections

N.L. REBRIKOVA & N.V. MANTUROVSKAYA

The foxing appearance depends on:

Technology of the paper production. 8 and
I\ZZst (f)r: gxilentl th}:ay are found on paper made betweex.l the end o.f asaz
the b ‘nciu'n g,f the 20" centuries (application of bleaching agent?, 1f1ctre di g
e e . . » n
of mmier o% fine fibre fractions). Paper with high content of lignin intending

i ance.
to rapid oxidation is not favourable for foxing appear

i during storage. .
;S:frtg() Z}l)lf:;tl::gl}?zs:)riievelog on the edges of books, on parts of single sheets

i the upper
from a pile of paper, on p
iecting from the book block or om |
;llllat tare fp :l;)i;ca n?le and on cardboard bookbinding. They ,txlso ter;d ::) .zgt}:ez;
Oneiirsa(\)rvings enI;‘ravings, single sheets of books, manuscripts and obj

time.
cotton materials, that were exposed for a long

Level of dust and dirt on bOOkt; . iﬁ}rlZP:r‘:)cn:f:;d back fly leaves, on margins
Foxing stains are located mostly on

the illus-
i d parts of hook blocks, on

dpes of books, in deforme : ‘ s
;)f ]tezfs’ - th‘;“;f appearance is consistent with ways of pe;etrzﬂ:rl\bz Ctsutso
i;a:oetllgal)gj(s)ic block. Obviously, these parts of the book block ar j

i rved the formation
d oxidative damage. Sometimes W€ obse rmatio
oF oping o bk iles on sections that were polluted in the

of foxing in books and museum texti when in process of conservation treat-
ases, .

rocess of use. There are also ¢ . unds was used and this

ient of cotton fabrics, water polluted by fron compo

factor provoked foxing formation.
The microclimate conditions, —

the environment of place wherfedi
connected with increasing humidit

d. Foxing formation is
the papers were store . ‘
ye oF; gaper or substantial change in humid-

ili o on. Though the increased mois-
o roughont th? year'tl:ifniazzitlzstedlffji:l;nformau%)n, it sl?ould b‘e min-
ture of paper or its varia the paper having a water content insufficient (:l-
tioned that they aPPear Onic fungi. Objects affected Simultaneousl?f by fungm
dfzvelopmef‘t of “3‘:;2:2; spots could be relatively rarel.y metS ;:mm:_ézuh_
;itl;::sl.o ;iizgg ::mage is considerably more widespread in mu

brary funds than fungal discolouration (Fig. 1-4).

We have conducted an inspection of rare book collections and graphic collec-
tions in museums and libraries. The results of our observation of foxing devel-
opment in books and works of graphic art can be summarized as follows:

Labomtory research investigations foxed rag paper of the

the
n samp es ¢ de was checked in cold

; igations O .
We have conducted investigatio the stains and outsl

19" century. The pH of paper within )
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extract (1 hour; 0,5g paper in 35ml). Microbiological sowings were made from
the paper samples with foxing. Foxing spots were dyed with yellow blood salt
(potassium hexacyanoferratum (IT) three hydrate K,[Fe(CN),|3H,0 for determi-
nation of Fe™.

No fungal or other microbe cells indicating colony formation were observed
during microscopic analysis of the paper. However

The positive results on the presence of Fe(IIT)
obtained upon dyeing foxing stains with an P
determination of the foxing area and of pap

in the center of the stain were
ronounced center, Comparative pH

er section around it has shown that
the paper in the foxing zone was always more acidic. The difference of pH var-

- An unusual high PH of thin rag paper
d with its filler. A considerable amount

Table 1: Paper acidity in the places of foxing formations

Sample

Paper Thickness pH
no. (mm)
i Old thick Cartography rag paper, section without 0,19 6,53
foxings; the map printed in 1846 year
2 The same leaf; foxing stains poorly coloured, showing 5,67
intensive luminescence
3 Cartography rag paper, section without foxings; Atlas 0,08 5,72
of the second part of the 19¢h century
4 The same leaf; brown foxing stains show no lumines- 5,53
cence
5 The leaf of thinner Tag paper from the same Atlas of 0,06 5,50
the second part of 19th century, section without fox-
ings
6 The same leaf; brown foxing stains show no lumines- 5,40
cence
7 Thin interleaving rag Paper from the same Atlas; 0,02 7,03
weakly luminescence
8 The same leaf: ; areas with intensive luminescence 6,62
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hanced. These compounds can promote free-radical oxidation of cellulose under
neutral and alkaline conditi?i?;:-ng UV illumination was noted Rreviously. thOn [;2;

The foxing ﬂuorescc'antcse rinted books, engraves, cotton fabrics undeli e.nes-
vestigation of manusc.l’lp t;fzhe fact that foxing spots show the stronlgeSt- uné;nce
we have dra@ ?ttenuo?o mental stage (Fig. 5, 6). It is known that .urmgetsances
cence at the initial devef fp e radical oxidation of the natural organic subs A t;
can appear as a result 9 red from molecules under ionizing radla.tlon, on hea
Lhe free radicals are formzl sts, in the course of oxidising?reducmg re-am(;n:;
o in the preserice o'f aclat a);l b’e the transition metal ions. Fxrst- of a.l'l’ atlhl s rf € s
The source of fre? radic [Z ;ct as a radical forming center. In biologic Vsysc (;errrrlle
(o Felll) fons, which (éloub ut twenty years ago- Transit'i?n metals can ode(;onate
this was demon-strate 2 ‘(:i tion by O, due to their ability to.accept az ate
the spin restriction on 0): fjund in the active site of many ox1da}sles anid;)ggfi "
sing}e electrons. Th;y_;ilrand suppose that Fe(I1} ions cat.al)'se t e ;): ation °f
asflsi Neegye lczi(\i/ertf:lg oxygen into more reactive particles, i.e. oxyg
cellulose

8
caliA}e have assumed that fre; ;aiicili:;: als are formed as a result of cellulose
eas of foxing development. 1he ire

. ions. for instance, iron and copper ones.

oxidation catalysed k'>y tranSltll)(:nmrr;zaifl;;ti,ve catalysts than 'iron ones but, as a

In this case, copper ions can le in paper notably gives w;);{ to 1rotn. oy We in
.cals detection is the ESR-spectro :

The direct meth(;d Off i‘:(eix:;(;l:;r by this techxltique, what has fl(i,tegzeztjgzﬂz
vestigated the samples o er of the middle of 19” century were 1nd tIg e
before. Two kinds of rag p;fd thin used as interleaves in albums a.ntha ::Cﬁ.o -
onse cariography pap;;th from the foxing areas as well as from l-nethe sam-
the samples (.)f . ttacked free radicals were reveallled. Hc;w?ver;dm Lght
visually seeming not ah re foxing areas were hardly discernible in 0 i Tn}; i 0}
ples of denso paper Wl . inescence under the UV, thefe were tWICIe amples of
while showing heavy ‘cllml areas of the stains than outside (Flg', 7). In s. [:;ence
free radicals in the borcer area was covered with stains shf)wmg lumxcx;et:1 . am,
thin paper where a large amount of free radicals in the stain zones aHCh e o
there was nearly the Sa“Ze f free radicals in thin paper controls was mu rfuch
bient paper. The amoust © aper. Besides, with help of ESR—sp.eo:troscop)t/i mueh
than in samples of deI;SI‘; For}:s were observed in areas of foxing f'orrtnha o
o Fe(IH)’BaHddccilxll(the obtained results, it can be assumed that in the 8
dense paper. Base

. and moreover it
ical processes of paper ageing are acceler_ated, Hlows oidation
areas the chem;cthpt ne of these mechanisms is free radical cellu
(o)
may be assumed tha

catalysed by transition metals.

1d be source of fluorescence in the ar-

rule, copper amount detectab
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CONCLUSION AND RECOMMENDATIONS

In samples of dust, collected from library depositories, sufficient quantity of iron
was found by x-ray disperse analysis, namely ca. 15% of the inorganic part of
dust’. Paper in contact with oxygen of the air is oxidized in the course of natural
ageing. One of the mechanisms that result in increased acidification is the rise in
number of carbonyl and carboxyl groups as a result of hydroxyl groups oxida-
tion in cellulose molecules. Acidification rate depends on the technology of pa-
per preparation, intensity of light, durability of exposure in light, pollution of
environment, and microclimate in museums, libraries and archives. Oxidation of
organic substances, including cellulose, by molecular oxygen is resulting in for-
mation of hydrogen peroxide and peroxide radicals. In the acidic medium hy-
drogen peroxide can reduce Fe(III) that is usually present in dust or other pollu-
tion, to Fe(II). Fe(III) compounds are practically insoluble except for chloride
FeCl,. Fe(II) compounds are much more soluble, especially in the acidic me-
dium; Fe(II) can diffuse on certain distance {depending on their moisture) in am-
bient cotton fibres during the change of moisture content:

Fe" + H,0,— Fe* + O; + H'
In parallel, Fe* ions are oxidized by the air oxygen at acidic pH, forming hydro-

peroxide radicals. Chain reactions of free radical cellulose oxidation speed up
this reaction:

Fe'" +0,+ H' - Fe'* + HO;

The hydroperoxide radical can react with a cellulose molecule. A new radical is
formed as a result:

RH + HO;— H,0, + R

In the presence of oxygen this new radical meets the oxygen molecule to form
an extra peroxide radical:

R+ 0, — ROO"

Disproportionation (simultaneous self-oxidation and self-reduction) of peroxide
radicals results in producing molecules with carbonyl groups that are emitting
light. The evolved products of cellulose oxidation can enter an amino carbonyl
reaction with nitrogen-containing compounds inherent in paper or present in
pollution. The result of the reaction is the formation of melanoidin type col-
oured compounds which are called age pigments. These products have stable
bonds; hence they almost do not disrupt and accumulate with time. The reac-
tions of condensation can be initiated by transition metals. They are reactions
leading to formation of coloured compounds which are universal; they occur in
ageing processes of the living organisms and natural polymers.
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The examination of manuscripts under UV has shown that halos around the
letters written in iron gall ink that did not yet acquire its brownish hue, showed
fluorescence, especially visible at the verso side of paper. Upon further ageing,
these halos turn brown. In rare books printed by iron gall typographical paste
the lines of text and engravings have passed are imprinted onto the surface of
neighbouring interleaf and opposite sheets during natural ageing. These im-
prints, coloured in brown shades, show yellow luminescence under UV, the
weakly coloured or almost uncoloured imprints (initial stage of forming brown
by-products) show white luminescence under UV (Fig. 8). .

In the course of research in ink corrosion it was found that most iron gall inks
contain an excess of iron which is not bound in the complex forming compound
of the ink. Some of the Fe(l) ions are oxidized to form insoluble Fe(I1I) oxihy-
droxide (rust), which is catalytically inactive. Paper and iron gall inkt however,
contain many reducing substances, e.g. products of the aciq hydrolysis of cel‘lu_
lose®. Fe(I1) ions from ink can migrate on a small distance into the surrounding
area and catalyse the oxidation of cellulose. . '

The colour of the haloes (brown discolouration) around ink, the c'olour of‘m?—
prints of the text and engravings in rare books, and the colou.r of. foxing are. simi-
lar, even if the luminescence of each of them in initial stage is different. It is rea-
sonable to assume that this phenomenon is of the same natu.re: a local acceler-
ated oxidative ageing of paper in comparison with surroun(.img areas of pape'r.
The local increase of oxidative ageing is triggered by Fe(I1) ions or other transi-
tion metals, for instance Cu. Their visible appearance as a consequence of re-
ducing Fe(I11) and diffusion of the Fe(Il) ions is connected to the rate of paper
ageing, its acidification in particular. Zn or Ti compounfls promote free-radical
oxidation of cellulose in the neutral and alkaline mednu@. Sfora.ge of manu
scripts, rare books, engravings and cotton textiles z}t l‘ow illumination, mx.mmaj
fuctuations in humidity as well as in temperature, limited amcufnt of dust‘ in the

air and regular dust cleaning will prevent the appeafance of fox}ng. An acid free
cardboard of high quality is needed for the mountmg‘of'dr:?w’vmgs andbeniav-
ings. Foxing spots in an early stage, when they are still m?qsxble,. l;:Ia.n énhielz)g.-
nosed by examining of the suspected objects under UV. It is possible to i it
the further development of foxing detected in an early stage by

® Washing the damaged paper in distilled water or in water-alcohol mix-

ture
* Impregnating the paper with a weak solutions of gelatine, which, due to its
high buffer capacity, slows down further acidification of the treated paper.

The use of antioxidants, in particular compounds forming ?ompl‘exels with
transition metals seems to be useful, too, but this calls for further investigation.
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SUMMARIES

Foxing. A New Approach to an Old Problem

An investigation was conducted to elucidate the nature of foxings. A connection has been found
between foxing formation and paper production, duration of its exposing to light, level of its
dusting and storage conditions. UV investigations revealed that foxings show heavy fluorescence
at the initial stage of development; luminescence decreases as the colour intensity increases.
ESR-spectroscopic technique has revealed the presence of peroxide radicals in the area of fox-
ings. In the initial stage of formation, their amount in stains was the double of that in the sur-
rounding areas. In some fox spots a little bit more iron and copper is found than out of them.
Fe(IlI) exists usually as slightly soluble oxides in dust and impurities. Cellulose oxidation by air
O, is resulting in the formation of peroxide radicals that are able to reduce Fe(IIl) to Fe(Il) in
acid media. Fe** containing compounds are much more soluble, therefore they can diffuse from
dust particles and impurities into the surrounding fibres. The oxidation process increases in the
area of Fe(Il) diffusion, as the ions of Fe'* are the radical forming centers. The products of cel-

lulose oxidation can undergo reactions of condensation with compounds that contain nitrogen,
thus forming brown-coloured products.

Taches de moisissure. Une nouvelle approche pour aborder un vieux probléme

Une nouvelle analyse a été réalisée afin d’élucider la nature des taches de moisissure. A cette oc-
casion on a constaté qu'il existe une relation entre les taches de moisissure et la production du
papier, la durée a laquelle le papier a été exposé a la lumiere, le degré de poussiére contenue
dans l'air et les conditions de stockage en général. L'observation sous rayonnement ultra-violet a
mis en évidence que les taches de moisissure ont a un stade initial de leur développement une
forte fluorescence, la luminescence décroit en méme temps que lintensité de la couleur croit. La
spectroscopie EPR (résonance paramagnétique électronique) a révélé Iexistence de radicaux pé-
roxydes autour des taches de moisissure. A un stade initial de leur formation deux fois plus qu’a
la périphérie. Dans quelques unes on a trouvé davantage de fer et de cuivre qu’a 'extérieur. On
trouve des combinaisons Fe(Ill) normalement sous forme d’oxydes légerement solubles dans la
poussiére et les impuretés. L'oxydation de la cellulose par I'oxygéne de I'air O, provient de la
formation de radicaux péroxydes qui sont capables de réduire Fe(Ill) en un acide médium Fe(II).
Les composés contenant Fe** sont beaucoup plus solubles, c’est pourquoi ils peuvent diffuser da-
vantage des particules de poussiere et d’impuretés vers les fibres voisines. Le processus d’oxy-
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i o iffusés car ceux-ci agissent
dation sera renforcé dans les endroits ol les ions Fe™* se seront dﬂ'f.use o cowedt fce“u_
comme centres de formation des radicaux. Les produits de la dégradation o Z ative de o ol

i é i contie:
lose peuvent subir des réactions de condensation avec des composes qui ,

ce qui produit des taches de couleur brune.

Stockflecken. Eine neue Erklirung fir ein altes Problem .

i n.

Es wurde eine Untersuchung durchgefithrt mit dem Ziel, die 1\(Ilat}:u Y::hz;:l;ﬁicg ezearu Sl;u;rem
i ken und Papi . :

Dabei wurde ein Zusammenhang zwischen Sto;ltc::lebcg:hah Bt den Lager

o Papier dem Lichs ausgersts o arke Fluoreszenz von Stockflecken im

i V zeigte st
bed festrestellt. Beobachtung unter U rk ? o ot ESR.
Anfgﬁ;:ti:uris g;i mit der Entwicklung der charakteristischen Farbung zuruckge

i i i i Stockflecken

Spektroskopie zeigte das Vorhandensein von Perode-RadlkiﬂEf\ u;x B?“?me}:, v:zrdeo;n :,Ce o

auf: im Aan':mgsstadium doppelt so viel wie im umgebenden P:lpgrl;] ar;u t:;li T sendes st

mebs Bisen und Kupfer gefonch als in et Umg‘?b““g-a? sV ;unreinigungen. Peroxid-Radi-

o FG(IH)-Verbindungeﬂ finden S5 7 Smufb o t i"f efnstehen kénnen sie im sauren
ie bei :dation der Cellulose durch Luftsauersto , ke !

ﬁz{i::: :j IF(i?;I)O\)/(:;:;O;un;en reduzieren. Diese sind weitaus besse; l'oshch, ll;(;:ng; i;l:gg:l:s

_ in di Fasern eindringen. -

ieung in die umgebenden “ : tion:
;’l::;eztauibdu:: ;::e::rsz:e;;;lg:dfungenen Fe*Ionen verstirkt, da diese als Zentren fiir die
wird i

. lose ko
Bildun Radikalen wirken. Die Produkte des oxidativen Abb}:.us vonb (.Jt;lizsgiecgif;z:
ung von . . i ingehen, wobel
: . - 1 Verbindungen emg
Kondensationsrealaionen it sicks(ofis ui?: Stockflecken ausmachen.

gefirbten Verbindungen entstehen, welche

Fig. 2: An engraving in a book published in 1800. FfOang

'ts with deeply coloured center. Some of the oxing
i re located along print line: The ledge formed during
i further penetration of dust particles and

inting prevented . :
Z;‘tnr::] gaﬁne time promoted the dusting of the margins. The(
thickness of the leat is 0,21-0,20 mm. The typographical

paint is prepared on the base of iron-gall paste (reverse
side).

L4 . . S
sl L e, T

Fig. 1: An engraving of 1827.
Foxing spots with deeply col-
oured center.
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Fig. 3: A book published in 1955 with a pale
green cover. This book was kept in a stack
of books. The most part of the cover was
protected from light and dust deposits by the
other book. Foxing spots appeared on the
parts of the cover that were not protected
from light and dust.
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Lol where issmmnid in fog sud vapons damp.
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Fig. 4. The lining paper of a drawing made in
1910. The drawing was attached to boards
which were not evenly close to each other.
Foxing spots have been formed where light
and dust could penetrate throw the spaces.

And i theiz ooy bed of sheliing seed:
mmqﬁwl.mwm 1
But mark thet gellent yoush of royal miesis
Whose sov'reign riaT saimetes the soeme!

As if enchantment war'd her plastick wand,

Fig. 5: A leaf in a book published in 1800, foxing spots in early stage. They have weak pale-
yellow colour and are practically invisible (left), but are clearly distinguishable for their fluores-

cence in UV-light. (right).
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: foxing spots have been formed on the
ig. 6: vod 1846, Top: Invisible (early stage)

E;?F;e?'- r:a:;?: :r::;tiicause thig part of the sheet went over the edge of the stack in which the
map was stored.

iddle: sible foxing spots in UV-light.
ggf::i~i23:§?:.§2 oqug;m\;l alnd dust have promoted accelerating local oxidative ageing in the

upper margin. This process had begun on the reverse and gone through the leaf (thickness:
0,21 mm).
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THE

\ SOVEREIGN.

Fe(ll)

A

standard (DPPH)
w_ O rnov. great Monarch of « pow'rful reign,
radicals That more than doubles Europe's whole domain!
Whom larger empires owa their sov'reign ford,
Than bow'd betore the Macedonian sword, - "
f Or wird with trembling @t the awful height Than he .
cuqy Of Rom's proud engle in her mnt thight! Or guaid with'® ! helght
Fig. 8: A leaf in a book published in 1800, foxing spots in early stage. They have weak pale-
vellow colour and are practically invisible (left), but are clearly distinguishable for their fluores-
\ cence in UV-ight. (right).
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Fthanol as Fungal Sanitizer
in Paper Conservation
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matic breakdown continues, acidic metabolj
causing oxidative processes. The oxidati:zhc:?stha:ec;)l{:lrzstzd b); (e organiem
fluffy and porous structure of weakened mechanical strength I:iljo ecllﬂe .Caugs .
increased seng'tivity to light'. Not all papers are equally susc:s tisl:lo (t)rafn e
ltzivk_.ql:le;i(zr V\}Illth a }ung percentage of pure cellulose fibres is nr:ore ere(s)istl:xl)%atlhat—
. y, heavily milled products". The phenomenon known as “foxine” ¥
which has been subject to innumerable investigations, is acc dias [oring” and
rec;nt t;i;lldingj, believed to be the deed of micro fungi"z' 13 COTEng 10 the most
ot all of the paper attacking fungi are cellulolytic: sinc ‘ i i

g?::.se, g.nd/or‘by handh'ng ‘and use acquire van')(’)uus amcful:ljfe:fusli:f }s)r:duc'non-
ﬁureda:il It@ebns, the nutritional requisites of other fungi are oftengr; '(:;tmgs’
. It is even reported that certain conservation methods and P l y e
duce and facilita_te fungal development in paper, e.g. resizi 'matenal's e
methyl cellulose”. ' €8 TG with gelatine and

Discussing fungal growth on paper also i
and the formation of fruiting bofiiei Mthind;efgzyr?einrtx?;;ggﬁth of (he h)'ph.ae
ere.d, and how this “embedding” correlates with the findings of E“Sthi C“o 1:151d‘
cating that biocide resistance increases when the fungal stfucturz ise;)sr, t ’ tl glil-
otected by

various substances, e.g. crystalline calcium
.g. ium and ma i
N agents”. gnesium salts, often used as

ETHANOL

Chemical and physical properties

Ethanol, C,H,OH; synonyms: ethyl alcohol, alcohol, spirit of wine, is in i
state a clear colourless liquid with familiar odor. Ethanol is an a?‘e’hls 1 L pure
lc)omm'ercia]ly pro.duced mainly by fermentation of sugar and st;prc;tllc) wicohol,

acteria an.d certain fungi. Industrial processes using catalytical hydrati , Y: .
EI;: also t)lrlelds et}.lam')l. It is a good polar solvent, readily soluble in :::t: ethci
o t;c;un ess applications as solvent for organic chemicals, as starting co -

' manufacture of dyes, cosmetics and explosives. Ethanol is a ém_;lpound
zﬁzsn; of }:n;my beverages and is considered to be the least toxic of thel sl::ai“;:
S cchols (methanol, efhanol, propanol, butanol etc.), evaporates uicklg

emperature, not leaving any residues. Some of its specific proper(zies"*-y “

* Molecular weight: 46.07 g/mole
* Specific gravity: 0.7936 g/cm?
* Boiling point: + 78.32 °C
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¢ Flash point: +11°C

o Explosion limits in air mixture: 3.3-14 % by vol.

Working mechanisms of ethanol on fungi

Ethanol is a well known and widely adopted surface disinfectant, an
consensus on its efficiency towards vegetative growth of fungi and bacteria is
prevailing. Although the specific nature or site of action is not fully known, the
most adopted theory is that it affects the semi-permeability of the plasma mem-
brane, disturbing osmotic balance, causing leakage
amino-acids, ribose, K', PO,*.

Due to the polar properties of e

d a general

of cytosol constituents, e.g.

thanol, its short carbon chain and low hydro-

phobicity, it partitions poorly into the lipid part of the membrane, compared to
the longer-chain alcohols which are more hydrophobic in nature, favouring their
brane. Since considerably lower concentrations of
longer-chain aliphatic alcohols are needed to induce inhibition and cellular death,
it is believed that the hydrophobicity of these alcohols increases the permeability
of the membrane, and thus enables leakage/passage of cytosol constituents™?.
Unbalanced cytoplasmic permeability and cytosol leakage ultimately leading

to disintegration of the cell, is reported to be efficient in ethanol concentrations
varying between 50-80°%, with a maximum at 70%*" *'. Ethanol concentrations

exceeding 80% have proven non-efficient since the rapid denaturation of lipid
structures forms a protective coagulate around the cell, preventing further pen-
etration® %. Concentrations below 30% does not exhibit any direct killing or
cytolytic properties, but as prolonged treatment of cells with alcohols of lower
concentrations maintain ion leakage, and since the coupling of proton currents
and ion fluxes is believed to be one important energy source in the transporta-
tion system of nutrients into the cell, this leakage will interfere with nutrient ac-
cumulation and finally lead to an inhibition of cell growth.

Since the presence and availability of water is of such fundamental impor-
tance both in fungal growth processes as in efficient sanitizing techniques, it is
not surprising that the fungal reproductive forms, the spores, impose sanitizing
problems. The spores can, in contrast to the rather vulnerable and water contain-
ing nature of the hyphae, be considered almost a fortress-ype of structure with a
tough and practically impervious outer shield of polysaccharides; chitin, cellu-
lose and other glucans®"*. Mature, swollen spores from freely sporulating colo-
nies are more easily killed than dry and dormant ones, implying that any rational
sanitizing technique aiming at sporicidal action should if possible be applied to
17, 24 Tt has even been stated that several common conservation

concentration in the mem

mature ones
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treatments even might activate dormant spores”. In fact it has been proposed that
aliphatic alcohols, methanol, ethanol, propanol etc, possess ability to activate en-
zymes within dormant spores, e.g. cellulases?.

Application methods

The way in which ethanol is used as sanitizer seems mainly to be as a 70% solu-
tion in water applied as spray-treatment, with the aid of atomizers, plant-sprayers
etc. Some workers choose to dampen the object locally with the solution, using
cotton swabs or brushes**. Prior to ethanol treatment, standard practice is to dry
damp material in open shelves, fanning out books etc, followed by mechanical
cleaning of the object surface using vacuum cleaners, brushes, erasors, needles,
scalpels etc.

Since a 70% solution evaporates rather quickly at ordinary room temperature
(+20-22°C), and the treatment often is performed in fume-hoods, the air circula-
tion speeding up the evaporation rate, one might suspect the added ethanol
amounts to be quite large. Furthermore, from personal experience with ethanol
sanitization, it is not uncommon in papers having extensive fungal infestations,
that the surface of the paper seems almost hydrophobic, i.e. the added solution is
not absorbed into the paper but tend to congregate on the surface. Thus, such
papers need additional treatment until an even distribution of the solution is
achieved.

THE EXPERIMENT

Experimental design

Anybody planning and performing a research project in the field of conservation
will have learned by experience that such a project runs the risk of becoming too
widespread and too much oriented on pure science rather than on practical use.
Therefore, in order to keep this study within reasonable limits, and yet not losing

relevance to paper conservation practice, the following three questions are ad-
dressed:

* Will ethanol affect viability of spores from a selection of paper attacking/
cellulolytic fungal species ?

* Will the condition of the spores prior to ethanol treatment influence their vul-
nerability?
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* Will the application method of ethanol influence the recovery of treated
e i igating similar prob-
By studying methods used by other conser.vators x‘nve'sngz;mx;ug im 1p >

lems' %527 and with methods used in industrial applications ', a simp 4131 agl

rapid, yet informative testing and evaluation technique; was des1gtnhe;ih in c:) a:i Ox;
ration with the Botanical Institute of the Géteborg 'Umver'sny, wi e1 in ttien oof

of providing some answers to the addressed quesUfJns: Smce. ﬂtre a[;p ica ;)ln °

ethanol as sanitizer, according to informal communications with pro ec5151c?n dpt

per conservators, often follows an adopted methodology, t.he test wasd esigne 'o

simulate such in-use methods, although with the following important eviations:

o The concentration of the prepared and utilized spore suspension was clearly

defined.

e Only the effects of a 70% concentration of ethanol:wate . . ’
the relationship between available nutrients in

d fungal colonization, a clearly defined me-

dium (Malt-agar 2%) overlaid with pure, unsized, uniform and easi:l!zf1 )acceSSi-
ble paper with good wet-strength properties was chosen. (Whatman

ming the application method of ethanol
only two techniques were investigated,

r will be evaluated.

* As this study does not focus on
naturally contaminated paper an

e Although several questions conce
would have been interesting to study,
 spray application
¢ immersion.

o The two techniques were perfo ‘
behaviour and post-treatment recovery from:

i i i spension of spores of known con-
e A: paper contaminated with a mixed susp p

rmed in two separate series to investigate the

i d viability. .
centration an o A, but allowed to develop sporulating

: i similar t .
" B pape contaminated dried, ethanol treated, and re-incubated.

colonies prior to treatment, air- . )
er supposedly contains a varying amount an

i also bacteria and sometimes actino-

i Al tissue; spores, hyphae, : -
yccter O’f‘}ilm;gtud howeI\)rer, investigates a set of four clearly defined cellu
Ely;tfzeztaimrslg andy ’mesophilic fungi, which have been selected as some of the

14, 31-36,
most frequently sampled/used fungi by several authors :
e Aspergillus flavus. UPSC" 1768
o Aspergillus niger. USPC 1769

Naturally contaminated pap

Stock number at Mykoteket, Botanical Museum in Uppsala
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¢ Chaetomium globosum. USPC 1726
¢ Trichoderma viride. UPSC 2011

The evaluating technique used in this study does not give any precise measure
of sporicidal action, related to time/exposure expressed as death rates (K-val-
ues), decimal reduction times (D-values) or in comparison to phenal-coefficiency
tests etc.* %, but merely indicates maintained or massive loss of viability of the
treated spores as compared to untreated reference samples. Furthermore, since a
mixed inoculum is used it is not possible to give any precise number of survivors
from each separate species without additional research, and since incubation
time has been uniform in all samples (14 days) and only controlled at this stage,
possible suppression, succession, generation-shift or other such strategies, cannot
be neglected. This mixed inoculum was chosen in order to resemble on-site fun-
gal populations as close as possible and to evaluate what effects ethanol treat-
ment might have on them.

Since species in a mixed inoculum behave quite differently from those in pure
culture (suppression mechanisms etc.), the reference samples in this test do not
and could not show ideal growth of all four species in each separate plate. The
references are to be interpreted as infested and untreated samples resembling
on-site contamination, and their colonizing Organisms compared to the treated
samples in series A and B. In this investigation which its author considers to be
nothing else but an initial one on the topic, it was considered sufficient with two
reference samples to each test series, since the number of samples in each series
was fairly restricted. The sporicidal evaluation has been performed using only two
parameters; growth or no growth, following ethanol treatment and incubation.

Materials and methods

The fungal strains used in this test were obtained from the culture collections
(UPSC) maintained at Mykoteket; Botanical Museum in Uppsala. From these
mature agar-grown cultures, a mixed spore suspension was prepared, according
to Method 508.2*, however with the following deviations:

* A wetting agent (sodium dioctyl sulfosuccinate) was omitted

* The spore suspension was onl

y centrifuged/washed once since wetting agent
had been omitted.

® The results from the test series were recorded as: Growth = +, no growth = 0.

The concentration of the undiluted suspensions was determined and calculated
using a Biircker-chamber, and the appropriate dilutions were made adding sterile
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. ici i inerals
mineral salts solution, which serves to provide all the basic inorganic mi

needed for growth of the fungal species used. A mixed suspensionl was 'tIl‘:: cp;z-

ini f the four separate suspensions. -

ared by combining equal volumes o ' o
Eentratigln of the mixed suspension was 1.000.000 spores/ml, with a margi

error of 20%.

The vitality of the organis .
tion of the composite suspension
on nutrient agar and incubating 7
the mixed suspension was used imme

s used was tested and confirmed prior to prepara-
by inoculation of a small volume (0,1—.0,2. ml)

days at +20°C. In order not to lose viability,
diately in inoculation of the paper samples.

. in di . Ac-

The papers used were Whatman #1 filter paper-discs, 7 cm m.;h ir:le:fl:ali:e

cordingpttl)) the manufacturer the paper pulp hasdnot Ejeir:macclontent < low

washed, no fillers have been used and the ash an me omn satmmls from the
Compléte sterilization of paper was checked by taking r;m 7 days at +20°C.

sterilized paper stock incubating on n:tgen;j?g;f glgtse;o Z:h Jl aj::ohol with puri-

1 solution was prepared by diuung ~ : treat-

fi : hte elth a‘vlvlzc:te:oylilelding a 70% v/v solution. The lIlOCTllathIlS anf ‘ili)tr;);u;i)aer

I;eemssi:it; ethan,‘)l were performed using an all-gla_ss Witeg atonilz‘:as S

bulb, producing a very fine aerosol. The immersmr.x treatmen
steril,e glass container, all handling of the papers using >

e i W +2() Cin al eatments.
t mperature Of the ethanol solution was °Ci l(,/(t)[' . . . ( I ) l
ncuba ion and recover ies were ][lade on 2 IIlaJ extrac D ICO n
All i tions S

1,5% agar (DIFCO) and purified sterile 'water.' -
All materials and methods were applied using
laminar flow biological safety cabinet.

terilized tweezers. The

ptic technique, working in a

Test series

ies of tests were performed: B | |
Tw; s('meA‘ 14 sterile Whatman papers were spray inoculated m::m thlee :1‘::1(:
eries N allowing the water t0 evaporate, 2 referen(fe thp o were
Sl.lspemlon. I?fterd to malt agar (A 13-14), 6 were spray.ed. with e axll oot
dlrfacdy trans err‘_3 was achieved (A 1-6), and the remaining 6 sa}xlnpel e
meorm dzJ'lmpenmgl for 5 minutes , allowed to drain off surplus ethano 7
o ethanol were allowed to dry separately for two hours to as ;
- 1t2i Sra:n;If)eetshanol38 The treated samples were fputlzr:i ;nzltagar an
i ntio . e : '
:Zlglltrlll(::rriieth references incubated at 20° C 95-98 /(T RH for o, ﬂ); o
i ile Whatman papers were Spray 1r.10culate re mixed
e s to sies A. All 14 samples were directly transferred to

suspension similar to se ated at 20°C 95-98% RH for 14 days.

agar, covered and incub
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After incubation of series A, growth was assessed with the two untreated sam-
ples as reference (A 13-14), and the type/types of colonizing organisms deter-
mined with the aid of the initial separate vitality plates. The results are given in
Table 1.

Table 1: Test series A: colonizing species after treatment and 14 days incubation

sample A. flavus A.niger  Ch. globosum  T. viride
Spray 1 0 +: 0 +
2 0 + 0 +
3 0 + 0 +
4 0 +‘ 0 +
5 0 + 0 +
6 0 +‘ 0 +
Immersion 7 0 0 + 0
8 0 + + 0
9 0 0 + 0
10 0 0 + 0
11 0 + + 0
12 0 0 + 0
Al3 0 0 0 +
Al4 0 0 0 +
0  no growth + growths

*  The sporulating colonies of A. niger are concentrated to the center of the paperdiscs, covering

an area of 2-4 cm in diameter, showing no inhibitory effect on adjacent 7. viride, only a
clearly visible discoloration {yellow/brown) of the paper substrate around the outer margins
of the A. niger colonies.

.

On all samples 7-12 the agar medium was coloured dark brown and had lost its original col-
our (clear amber). The minute A. niger colonies on samples 8 and 11 caused an inhibition
zone of 3-5 mm in diameter on adjacent C. globosum colonies.

After incubation of series B, growth was assessed and taxonomic evaluation
performed (Table 2), and these unnumbered samples were then lifted from the
agar medium, air dried under controlled conditions for 48 hours (ca. 20°C,
40 % RH). 6 samples were then ethanol sprayed until uniform dampening was
achieved (B 1-6), 6 samples were immersed in ethanol for 5 minutes and al-
lowed to drain off the excess (B 7-12). The 12 samples were left to evaporate
separately, for 2 hours, and then, together with 2 untreated reference samples
(B 13-14), transferred to fresh malt agar, covered and incubated at 20°C 95-98%
RH for 14 days. After this re-incubation, growth and type/types of colonizing
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organisms were assessed and evaluated similar to series A. The results of series B
are given in Table 2.

Table 2: Test series B: colonizing species after treatment and 14 days incubation

Ch. globosum T viride

sample A. flavus A. niger
untreated” - 0 0” 0 +
Spray 1 0 + 0 +
2 0 +° 0 +
3 0 4+ 0 +
4 0 + 0 +
5 0 + 0 +
6 0 + 0 +
Immersion™ 7 0 0 + +
8 0 0 + +
9 0 0 + 0
10 0 0 + g
11 0 0 +
12 0 0 + :
References B13 0 + 0 N
Bl4 0 + 0
no growth + growths

14 untreated samples, identical in appearance and colonizing spectes

-

Minute colonies

ere performed by ocular insPec-
d references. All determinations
microscope (magri-
plates. In evaluat-
f clearly

All observations evaluating fungal growth w
tion comparing the test samples to the untreated re
of colonizing species were made using an ordinary bmo_cu].alr
fication 20-40), comparing test samples to the initial viability .
ing the sporicidal properties of ethanol, only the absence or presence

Visible colonies are recorded.

ReEsuirs anp prscussion |
ed to incubated and untreated.

Fig. 1 and 9 show incubated treated samples compar th 70% ethanol, by either

Inno case was active growth absent after treatment wi
of the treatment methods in either of series A or B.

ference-

Table 1 shows the results of the A-series. Compared to th(ji uvrz'lﬁat;?i cfoed it

Samples (A13-14; cf. Fig. 1b), which were evenly covere
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viride, the treated samples presented a shift in colonizing species. On the spray
treated samples (A1-6) both Aspergillus niger and T. viride grew, the Aspergilli
occupying the center of the substrate in all cases (Fig. 1a). On the immersion
treated samples, however, T.viride was absent in all cases (A7-12) and the papers
were instead evenly colonized by Chaetomium globosum, and A. niger only ap-

peared as minute colonies on two samples. These A. niger-colonies caused an in-
hibition zone on adjacent C. globosum growth (A 8, 11).

Fig. 1: Several samples after 14 days incubation (A-series). left: spray treatment (A3); middle:
untreated (A13) ; right: immersion 5 min (A10).

Fig. 2: Several samples after 14 days incubation, 2 days drying, ethano treatment and 14 days
re-incubation (B-series). left: spray treatment (B6); middle: untreated (B13); right: immersion 5
min (B11).

Table 2 shows the results of the B-series. Following incubation prior to treat-
ment, all 14 samples were considered identical in colonization and appearance to
the untreated reference samples A13-14 (cf. Fig. 1b) in that T.viride colonized all
samples uniformly and no other species could be detected. After 48 hours of
drying, ethanol treatment and 14 days re-incubation, a shift in species similar to
phenomenon in series A was clearly visible. On the spray treated samples B 1-6
(Fig. 2a), both A. niger and T.viride grew, although the Aspergilli sporulating by
minute, singly shattered conidiophores and Tviride as sparsely distributed
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sporulating colonies. The immersion treated samples, B 7-12, showed presence

of T. viride in 3 out of 6 samples, in contrast to the immersion tfeated samples
A 7-12. A.niger did not grow at all on these samples (compare with A 8, A 11).
Similar to samples A 7-12 , an abundant growth of C.globosum develioped on
immersion treated samples B 7-12. Aspergillus ﬂavus. did not spo‘ru.late in any of
the samples although proven vital in the init‘ial viability tests. This is an mtere‘st-
ing result considering the study by Nyuksha® claiming A. ﬂ.avus to be a species
of considerable persistence, high biological activity and rapid grox.vth, supprestsl;
ing the growth of several other fungi in co-habitation. The straFege§ for grow )
and suppression interacting with a possible temporary growth inhibition cause
by the ethanol are plausible explanations to the obtained results. '

As is seen in Tables 1 and 2, there tends to develop some suppression mejcba-
nism mainly by T. viride and A. niger vs. C.globosum, -~ the latter colonizing
habitats where T, viride and A. niger were absent, (A7-12,B 9—11) or 9x?ly pres-
ent in minute amounts (A 8,11, (B 7,8,12). C. globosum retan'led viability e\};en
after immersion treatment, sporulating profusely in both series A and 1:), blut
failed to germinate on either of the untreated reference samples..Most probable,
this is due to a concurrence situation of the co-habitants prever}Ung colomza}tx_(;n
of C. globosum in their presence. Delaying the growth of A. :ukger anc:ﬁ 'tIi‘.O:;lsnfae:\
by rapid injury of vegetative parts with ethanol treatment makes Com

vorable for the germination of C. globosum.
The amount of germination potent spores : o
tends to be larger in the spray treated samples, pres'entmg growth of 20;1; 'Ilf4v1:j§
and A. niger. Comparing the viability of spores prior to treatment, . l, d, :
B-series, no differences are detectable. Immersion treatment seemingly delays
’ irj iger i lobosum.
recovery of T. viride and A. niger in favour of C. g . _
In ngmparing the study by Florian’, stating ethanol as being a spore activator,

i i i hy A. niger
t 1 in this study, it may be an explanation to W
e oo ups yy treatment (A and B 1-6), but not on un-

can establish on samples upon spra
oo P Pt d B-series prior to treatment). On the other

treated reference samples (A 13,14 an
hand, A. niger establifs)hed on B 13, 14, which as references were left untreated,
only air dried similar to the other samples in that group. After spray treatment,

both samples A and B 1-6 showed similarities in colonizat'jon, a]t}r}(;lugh 1r;1aA 11);
6, the A. niger colonies were more developed (Ta}-Jle 1, leg- 1.3-)- t;re i h); b
several explanations to these results; the 48 h dryl'ng period 11;1 tlis) burtnei o
beneficial to spore resistance, possibly inducing stasts (B 7 8,_ 1; (A’ 8 11) p
the presence of A. niger on immersion treated samples in .senes d, af.t »
The incubations and identification of colonizing species were made alter

days. This time was recommended as sufficient by experienced researchers since
prolonged incubation times very seldom presents an

treated by either of the methods,

y dramatic succession shifts
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in these -
these spetc)i,g;e ;:;:Zszo (.iEﬁmte statements can however be made concernin
In this particular set of Sorslnce. the number of influential variables are so divers::g
might noed more time to ganisms and under these given conditions, A ﬂavu'
tion to its absence. Nutrit::;rer agd develop, thus giving a Possibl,e e;(plan;:
most certainly influence growth needs, pH, temperature etc., given in this test
strategies. Resistance to (;S:m rates, suppressing mechanisms and reproductio
cies, even if they are cult da ge may also vary among strains of a particular .
It must be emphasizelcllr(t?haatmt(liles t(r)(:ts e-d U(;l der identical conditions™. b
spars : ained results in this
rgsultes t:bcti:i *L“; dgt;::,;alll: j}zphcabl.e conclusions from. It goe: t::t)llloa;: szo?x:ewtﬁat
on-site conditions® Furtl: rO.tesun-g C:?nnot be directly applied to actua)l, ing- a/t
trolled variablos etc. o rfr Zim;leﬁtlganons, including larger series, strictl con
and even in such su:di - ee f:b in order to perform any stat.istica,l evaluzt'con-
sarily prove any conﬂect,ifoss‘ le correlations in statistical data does not nlorxs,
edgo ethanol a complete ins or explaflations. Since this study fails to acknecei_
servators to put seri};us Conel:tness.or 1r¥active properties, it suggests con
nsiderations into its continued use uitil tlﬁe aper lc((i)n-
working

IIleChan.ismS y i i {i a l
are full m Stlga, an tl’le consequ martert are
. ve |e(1 d q ences for trea.ted i

CONCLUSIONS

Turning to the initiall
y addressed questi 4
the following can be concluded: questions and considering the obtained results,

» Ethanol appli
. Ppgled és a 70% aqueous solution did not prove ici
Tg e evaluation parameters and conditions used in thi stp oricidal, accord
o The test indicates th. " fest
at ethanol immersion i
) ! sion is more effici
ment izati ethal
f in d'elaymg the colonization of some species, h ent than spray treat-
of others in these tests. > owever favouring ngth
® The test does not indi
t indicate whether the status of the spores (swoll dried)
en or dried

rior to tr .
Swollen eatment affects their vulnerability to ethanol, alth
» mature spores would be easier to injure® » although theoretically

¢ Indications on s ivati
pore activating properti
could - " roperies of ethanol, as clai '
° no.t be .elt.her verified or dismissed accordin. > as claimed by Florian’,
adopted in this test. g to the evaluation method

Due to these findi ;
o m.chngs, the continued use of ethanol as fungal sanitizer j
cspecially consi Zen‘ously questionable until further research iasszm tzer In paper
1
ering whether ethanol treatment lowers activati ee;l pelrf/ormed,
on levels/arrests
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prove fatal is otherwise close at hand if

humidity levels would experience a sudden rise, or fluctuate: a situation not
rarely occuring. The relation between pre-drying, ethanol sanitizing and survival
of germination potent propagules is another important scope that needs further

investigation.
The unrestricted use of t
hopefully rejected in conservation practice.

in “treatments” in the minds of many conse
sanitizing highlights this troublesome fact. The ideal “fungicide treatment” for

conservation practice does not exist, and if it would, it could never solve the
problem of fungal conditions; on the contrary: could enhance it. The overwhelm-
ing importance of preventive measures in order to control fungal biodeteriora-

tion in paper collections cannot be over-emphasized.

stasis of spores. A situation which may

oxic biocides has been far too common and is now

However, the tendency of overbelief
rvators, and the concept of ethanol

SUMMARIES

Ethanol as fungal sanitizer in paper conservation

After discussing the basic data on fungal growth and
dal efficiency of eth

@Clhodological study of the sporici
ferent fungal species have been studied, applied as 2 mi
effects of ethanol applied as a 70% solution by spray an
pers are compared to the effects of ethanol on mature and s
nies on paper and to untreated reference samples. The resu

the qualities of ethanol the results from a
anol are evaluated. Spores from four dif-
xed suspension inoculum. The sporicidal
d immersion to spore contaminated pa-
wollen spores from sporulating colo-
Its suggest that ethanol as applied is

not sporicidal.

en fongicide dans la conservation du papier

ys
L’éthanol comme moy
s causant la moisissure et sur les

de Péthanol nous présentons les
quatre différents types de
e sous forme de suspension inoculum mélangée.
tion de 70% sous forme de pulvé-
x effets de l'éthanol sur des
On a abouti au résultat que

a structure des champignon
que sur les propriétés
de P'éthanol. Des spores de

Apres une discussion de base sur 1
conditions d’une infection fongique ainsi
résultats d'une analyse de leffet sporicide
champignons ont fait I'objet de Pétude réalisé
On a comparé les effets sporicides de I’éthanol appliqué en solu
risation ou d’immersion & des papiers contaminés par les spores au
ées par le vent ct créant des colonies de spores.

spores mires, séch
n'est pas sporicide.

I'éthanol appliqué sous cette forme

Athanol als Mittel zur Schimmelbekampfung

1 Schimmelpilzen und ihre
den die Ergebnisse einer Stu

Nach einer Diskussion der Struktur VO n Wachstumsbedingungen so-
wie der Eigenschaften des Athanol wer die iiber die sporenabtotende
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Wirkung von Athanol referiert. Sporen von vier unterschiedlichen Schimmelpilztypen waren
Gegenstand der Untersuchung, appliziert als Misch-Inokulum. Der sporenabtétende Effekt von
70% Athanol auf sporenpripariertes Papier, aufgebracht als Spray oder in Immersion, wird mit
dem Effekt von Athanol auf reife und luftgetrocknete Sporen sporenbildendes Kolonien vergli-

chen. Es ergab sich, daB Athanol in der untersuchten Anwendungsform Schimmelsporen nicht
abtotet.
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