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I N T R O D U C T I O N 
In order to compare effects of various treatments on 


artists' papers, the conservation researcher must have 
available enough paper in a uniform condition for many 
experimental and control samples. If the study is to 
address effects of treatments on stained paper, procure
ment of enough similarly discolored paper for the entire 
experiment may be difficult. Stains in old papers are fre
quently uneven in intensity or distributed irregularly on 
a sheet. Usually the material is available in very limited 
amounts, and the source of the staining and prior treat
ment of the material is often uncertain. Such conditions 
limit the usefulness of these papers in comparative stud
ies, because unknown variations in the individual sam
ples could significantly affect their responses to the 
experimental treatments. 


A source of reproducibly stained papers is needed for 
research in the field of paper conservation techniques. It 
would be particularly appropriate if the papers consisted 
of materials, the properties and condition of which were 
known before the stain was present, e.g., new papers or 
those that had known storage and treatment history. For 
example, we required stained samples for a research pro
ject on the long term effectiveness of the aqueous light 
bleaching technique. Thus , we developed a procedure 
for staining paper that is easily reproduced, so that as 
many samples as are needed for experimentation could 
be generated. The samples were stained by contact with 
newsprint that had been badly discolored under con
trolled conditions. The stained papers can serve as a 
model for such conservation problems as acidic mat 
burn, or discoloration owing to contact with unsealed 
wood in framing or storage materials. 


The detailed procedure for staining "new" artists' or 
printing papers is described below. T h e method has 
been applied to unsized as well as gelatin sized cotton rag 
papers, and to a modern, mass produced, bast fiber paper 
intended for printing. The discoloration imparted to 
these papers is easily de tec ted by eye, and appears 
unsightly when compared to an unstained sample of the 
same paper. It can be diminished somewhat by washing 
the papers in an alkaline bath, and is further decreased by 
aqueous light bleaching as used in paper conservation 
treatment. 


MATERIALS A N D I N S T R U M E N T A T I O N 
Materials. 


a. Papers. The unprinted newsprint used for staining 
was Strathmore rough surface newsprint, available in a 
tablet (#307-814). Four different papers were subjected 
to stain transfer. Whatman # 1 waterleaf paper served as 
an unsized control for alpha-cellulose papers. Whatman 
# 1 paper which had been bath sized with purified photo
graphic gelatin (See below) was also used. The artists' 
paper stained was a Whatman 100% cotton alpha-cellu
lose paper heavily sized with gelatin, which also con
tained alum and a commercial soap. It was watermarked 
"J. Whatman 1956," and had been stored in a controlled 
environment for years. Further details of its manufac
ture are no longer available [1], The fourth paper sub
jected to staining was the newly develope'd commercial 
Kenaf paper, made from bast fibers of the crop-grown 
Hibiscus cannabinus plant [2]. This semi-bleached paper 
was recently described in the Alkaline Paper Advocate 
[3]. 
b. Chemicals. The photographic gelatin used for sizing 
was supplied by Sanofi Biolndustries, code no. 41555, lot 
54323. Potassium aluminum sulfate was reagent grade. 
Stock acetic acid was a 5% so lu t ion of U S P grade. 
Deionized water was used to prepare all solutions in 
which the paper samples were immersed. 
c. Supplies. Unbuffered, waterleaf 100% cotton fiber 
blotters from Paper Technologies (no. 112) were used 
for drying paper samples throughout the experiments, 
and also in assembling the sandwich for transferring 
stains from the newsprint to the sample papers. The 
single layer corrugated board used in this sandwich was 
of archival quality, but the corrugated box board used for 
supporting the newsprint during discoloration was not. 
Mylar, 0.005" thick, and 3/16" thick plexiglas, were 
obtained from local art and plastics shops, respectively. 
One inch pony clamps were obtained from a local build
ing supply house, and were used wi thou t any plastic 
grips. Whatman # 1 paper was bath sized in individual 9 
in x 12 in polyethylene trays (dissecting trays) from a lab
oratory supply house. Felt-lined Gore-Tex was used in 
rehumidifcation of dried, sized samples for flattening. 
2. Instrumentation. 


A Hotpack Temperature-Humidi ty chamber, Model 
no. 435304, was used for sample incubation during stain 
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transfer. Reflectance spectra were recorded on a Diano 
Matchscan II reflectance spectrometer. The hot plate 
and remote control magnetic stirrer were standard labo
ratory equipment obtainable from local supply houses. 
Surface p H was measured with a Markson model 6170 
pH meter equipped with a flat surface Ross style elec
trode, Orion #8135BN. The instrument was calibrated 
with Altec 7.0 and 4.0 standard buffers. Bath sizing was 
performed on the heated surface of a large cus tom-
designed stainless steel sink manufactured for the Textile 
Conservation laboratory at Los Angeles County Museum 
of Art. The bottom surface of the sink is maintained at 
constant temperature by a closed loop water heating and 
circulation system. 


EXPERIMENTAL P R O C E D U R E S 
1. Discoloration o f newsprint. 


Sheets of Strathmore rough surface newsprint were 
placed on a piece of corrugated box board, covered with 
mylar, and placed in full sun for a total of 24 hours, accu
mulated between ca 9:30 am and 4:30 pm over several 
days. The integrated spectral irradience in northern Los 
Angeles County, where exposure took place, does not 
vary markedly with time of day and year, as long as the 
sky is cloudless, and the sun is fairly high in the sky. 
Newspr in t sheets exposed to sun d u r i n g O c t o b e r , 
November, February, May and July were used in these 
experiments. The same side of the newsprint faced the 
sun during the entire exposure. 


Newsprint was also discolored by exposure to near 
ultraviolet light from a 36 watt fluorescent bulb in a 
Blak-Ray fixture (Ultra-Violet Products , Inc. , South 
Pasadena, CA) suspended approx 12 inches above the 
paper. A total exposure time of 21 hours over several 
days was required to cause a discoloration similar to that 
caused by sun exposure. The paper and fixture were sur
rounded by cardboard to avoid inadvertent exposure of 
personnel to the uv light. 


Following sun exposure, two sheets of newsprint were 
placed, exposed sides facing each other, on a luminum 
foil on a rack in an oven at 70 ± 5°C. A tray of diluted 
acetic acid (ca 10 ml 5% in 500 ml H 2 0 ) was placed on 
the floor of the oven, and the newsprint left for 3 hr. 
The oven was cooled to room temperature and the acetic 
acid removed. The oven was then reheated to 70 ± 5°C, 
dry. The cycling was repeated once more, with water in 
the oven. By this time the newsprint appeared very yel
lowed, with a slight orange or beige cast, but was still not 
very br i t t l e or cockled . T h e p H of t he u n s t a i n e d 
newsprint was 5.7 + .0 .1 . Following sun exposure it had 
fallen to 4.9 +.0.1 and, after cycling in the oven, to ca 4.6. 
2. Transfer o f stain to sample papers. 


Sample papers cut to the desired size were sandwiched 
between sheets of the stained newsprint, with the sides of 


the newsprint which were originally toward the sun now 
facing the sample paper. This combination was sand
wiched between double layers of waterleaf blotter, the 
d i m e n s i o n s of w h i c h w e r e sl ightly larger than the 
newspr in t sheets. Several such ' sandwiches ' can be 
stacked. The entire stack was placed between sheets of 
archival corrugated board. Plexiglas was used for the 
outermost layers of the assembly, which was held firmly 
together with pony clamps. For a stack ca 8.5" by 17", six 
pony clamps were used. Each sandwich in this stack 
contained two 7.5" x 8" pieces of sample paper. The final 
dimensions of a particular stack will depend on the size 
of the paper samples being stained, and the size of the 
newsprint sheets used. See Figure 1 for an exploded 
view diagram of an assembly which contains one stain 
transfer sandwich. 


STAIN TRANSFER ASSEMBLY 
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ARCHIVAL CORRUGATED BOARD 
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ARCHIVAL CORRUGATED BOARD 


PLEXIGLAS 


Figure 1. Assembly for transferring stain from discol
ored newsprint to experimental paper sample, exploded 
view. The assembly is held together by pony clamps. 
See text for other details. 


The assembly was placed in a humid aging oven equi
librated at 70 °C and 50% relative humidity, and incubat
ed for 12 to 14 days. A repeat incubation with fresh 
stained newsprint may be required to transfer an obvious 
stain to a very hard sized paper. (See below.) Because 
the sample papers were essentially being artificially aged 
in order to transfer stain from the acidic material, it was 
necessary to prepare a set of control samples which were 
only artificially aged, without any stain transfer. This was 
accomplished at the same time as the stain was trans
ferred, by including sample papers sandwiched between 
sheets of new Whatman # 1 waterleaf paper in the assem
bly. Although this doubled the size of the experiments, it 
was an essential control measure for subsequent investi
gations of the effects of treatments to lessen the stain. 
3. Other Experimental Procedures. 


a. Bath sizing of Whatman #1 paper. Samples of paper 
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were cut 7.5" x 8". A 2.0% solution (weightrvolume) of 
photographic gelatin was prepared by softening the 
gelatin in deionized water at room temperature with con
stant slow stirring for ca 30 min. The suspension was 
then heated in a water bath to 45 - 50°C, and stirred until 
the gelatin dissolved. This solution was kept at ca 35°C 
in a water bath on a large hot plate. A 0.10% solution 
(weightrvolume) of KA1(S0 4 ) 2 was also prepared in 
deionized water, and heated in the same bath. Enough 
solution to size 6 to 8 paper samples was prepared at one 
time. Polyethylene trays for individual sizing of the sam
ples were spread out on a heated surface maintained at ca 
35° C. A piece of Reemay was placed in each tray. 140 
ml of each of the two heated solutions was poured into a 
tray and stirred. A piece of paper was quickly placed in 
the tray and submerged for 3 min. It was removed on 
the Reemay, drained briefly, and transferred to a sheet of 
mylar on top of a piece of plexiglas, also on the heated 
surface. Another piece of mylar was placed on top of the 
sized sample, then another plexiglas sheet. A cylindrical-
ly shaped weight was rolled rapidly across the plexiglas in 
the area of the sample, in two perpendicular directions. 
This step took the place of pressing a stack of sized 
papers in a press, and ensured that each sheet was treated 
in an identical manner, i.e., that all were kept warm and 
pressed at the same stage in the process before they began 
to dry. The sized paper was transferred from the mylar 
to a nylon screen, which had been stretched across a 
frame. T h e frame also rested on the heated surface. 
Sample papers were sized one sheet at a time. The sized 
samples were allowed to air dry before being removed 
from the screen. They were humidified between sheets 
of Gore-Tex and then dried and flattened in a blotter and 
plexiglas press under moderate weight (less than 0.1 psi). 
They remained in the press at least overnight. 


b. Colorimetry measurements. Reflectance spectra were 
recorded on a Matchscan II spectrocolorimeter in four 
different places on each side of each sample. The sam
ples were backed by a white tile. A calibrated white tile 
was used as the reference. CIE lab L*, a*, and b * values 
were calculated for a D65 light source and a 10° observ
er. Specular reflectance was excluded. The data reported 
below for the Whatman papers are averages of the eight 
(recto plus verso) scans. These papers showed no signif
icant differences between recto and verso values. The 
Kenaf paper has a distinct sidedness, so recto and verso 
values are reported separately. 


c. Sizing assay. Small pieces of the sized papers were 
analyzed for gelatin using a modification of the TAPPI 
standard procedure for the qualitative determination of 
glue in paper [4]. Sanofi photograde gelatin was used as 
a standard. The modified procedure was found to give 
useful semiquantitative results, and will be published 
elsewhere. 


RESULTS 
Examples of reflectance spectra for sized Whatman # 1 


samples are shown in Figure 2. Qualitatively similar 
results were obtained for the other papers. However, a 
s e c o n d i n c u b a t i o n in t h e h u m i d oven w i t h fresh 
newsprint was required to cause an easily visible discol
oration of the hard sized Whatman 1956 artists' paper. 
For all the papers, the stained samples look distinctly dis
colored to the naked eye and have the lowest reflectance 
values. Staining attenuates the reflectance most markedly 
in the blue region of the visible spectrum. 


CIELab tristimulus values for all papers were calcu
lated automatically from the reflectance data and parame
ters of the instrument. They are summarized in Table I. 
It can be seen that b ,* a measure of blueness or yellow
ness, is the parameter most sensitive to the discoloration 
caused by the staining process. Although the artists' 
paper (Whatman 1956) and the modern paper (Kenaf) 
have the most color before staining, the greatest increase 
in yellowness occurs in the Whatman # 1 and bath sized 
Wha tman # 1 papers upon stain transfer (Figure 3a). 
This may be due to resistance to stain transfer by the 
heav i ly s ized W h a t m a n 1956 and Kenaf pape r s . 
M e a s u r e m e n t of ge la t in c o n t e n t s h o w e d tha t the 
Whatman 1956 paper contained approximately 3.5 times 
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Figure 2. Reflectance spectra for bath sized Whatman #1 paper 
samples treated as indicated. 


as much gelatin by weight as the bath sized paper. Also, 
twice as much humid oven aging was required to transfer 
a noticeable stain to the Whatman 1956 paper. 


Aging alone did not have a significant effect on the 
yellowness of the unsized paper, and had only a very 
slight effect on the Kenaf paper. However, the gelatin 
sized papers were significantly yellowed by aging alone. 
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T A B L E I 


CIE L A B TRIST IMULUS V A L U E S F O R P A P E R S A M P L E S 


PAPER 
AS IS AGED3 STAINEDb 


PAPER 
a* L* a* b* a* b* 


Whatman 
#1 98.28±0.05 -0.41±0.06 1.72±0.07 98.06±0.04 -0.2710.05 2.0110.08 94.9010.09 0.6010.01 7.8110.20 


Sized0 


Whatman 
#1 


98.30±0.02 -0.36±0.02 1.78±0.05 98.0810.05 -0.4010.03 2.4610.09 95.5910.05 0.010.05 8.82±0.02 


Whatman 
1956 


96.16±0.06 -0.9110.04 7.85±0.10 95.1510.05 -0.2010.02 9.8810.19 94.4110.05 -0.0510.05 11.8810.13 


Kenaf, r 
V 


90.01±0.05 
89.50±0.11 


1.7210.05 
1.83±0.05 


10.18±0.15 
11.81±0.15 


89.7210.18 
88.8310.15 


1.8410.02 
1.9810.02 


10.3510.16 
12.3810.20 


88.7210.13 
87.9610.15 


1.9710.06 
2.2410.01 


11.2610.10 
12.9710.18 


a. Humid oven at 70*C and 50 % relative humidity, in contact with new Whatman 1 paper (See text for further details). 
b. Humid oven at 70*C and 50 % relative humidity, in contact with prestained newsprint (See text for further details). II 
c. Bath sized with solution of 1% photographic gelatin and 0.05% potassium aluminum sulfate in deionized water (See text for procedure). | 


( A ) 15 
CIE Lab b* 


E3 As Is 
• Aged 


W # 1 Sized W#1 W 1956 K recto K verso 


( B ) 3 


a 


CIE Lab a* 
0 As Is 
• Aged 
• Stained 


W * 1 Sized W t l W 1956 K recto K verso 


P A P E R 
Figure 3. CIE Lab b* and a* for Whatman (W) and Kenaf (K) paper as is, aged, or stained, as described in text. Data are averages +/-
SD for measurement at 8 places on each sample (W) or 4 places on each side of each sample (K). 
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These responses suggest that the gelatin size itself may be 
yellowed somewhat upon two to four weeks of humid 
oven aging. 


The data for a*, a measure of the redness or greenness 
of the papers, show that only the Whatman 1956 paper 
undergoes a large shift to the red upon aging (Figure 3b). 
However, both sized and unsized Whatman # 1 papers 
are r eddened marked ly u p o n t ransfer of the s ta in . 
Interestingly, the unsized paper is made redder by stain 
transfer than are the sized Whatman papers. This could 
be due to transfer of more red c h r o m o p h o r e to the 
unsized cellulose furnish, and/or to a reaction involving 
the gelatin in the sized papers which creates a ch ro 
mophore with absorption characteristics that counteract 
the shift to the red caused by the stain. 


Color difference values, DE, were calculated from the 
CIE Lab tr ist imulus values for all the papers and are 
given in Table II. The greatest color differences were 
caused by staining the unsized and sized Whatman # 1 
papers. The Whatman 1956 paper was most changed by 
aging alone. The Kenaf paper, although the most highly 
colored initially, underwent by far the least change in 
appearance upon staining. Two weeks of aging caused 
no greater difference in this paper than it did in the 
Whatman # 1 papers. 


D I S C U S S I O N 
The procedure described above has been successfully 


used to cause a distinct and even discoloration of various 
types of papers. Preliminary trials had indicated that in 
order to achieve uniform and efficient stain transfer, the 
sample paper m u s t be in con tac t w i t h t h e s t a ined 
newsprint in a humid atmosphere at an elevated tempera
ture. The extent of discoloration may depend on the 
amount and type of sizing and other additives in the 
paper used, as well as on the length of time the paper is 
in contact with the discolored newsprint. Two to four 
weeks were sufficient for the papers in this study. 


If adequate sunlight is not available, the newsprint can 
be discolored by exposure to near ultraviolet light from a 


fluorescent fixture such as a Blak-Ray lamp. The time of 
exposure required will depend on the intensity of the 
light source. It may be similar to the amount of time 
used for sunl ight exposure . Care mus t be taken to 
ensure even exposure of the entire area of the sheet of 
newsprint if this method is used. 


Some tensile properties of the Whatman papers were 
measured. The strength, stiffness and brittleness of the 
samples that had been aged or stained for two weeks dif
fered negligibly from those of the untreated samples. 
However , the Wha tman 1956 paper, which had been 
incubated in stain transfer sandwiches twice as long, 
showed significant changes in these tensile properties. 
These observations suggest that the staining of the papers 
may have been superficial during the shorter incubation 
period. The fibers and sizing in the interior of the sheets 
may not have been altered significantly by incubation in 
the oven, or by reaction with the substances that migrat
ed from the stained newspr int into the paper. Thus , 
unless repeated oven incubation is used, the staining pro
cedure might not provide samples that are appropriate 
models for old papers with significant mechanical and 
chemical degradation of their fibers. 


The staining process does provide an excellent model 
for a paper that has been stained by acidic material over a 
relatively short time period. For example, the procedure 
provided samples appropriate to our investigation of the 
long term effectiveness of aqueous light bleaching when 
used to reduce this type of stain. A report of this study 
will appear elsewhere (manuscript in preparation). 
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TABLE II 


COLOR DIFFERENCES 


PAPER A E ( a g e d - as Is) A E (stained - as Is) A E (stained - aged) 


Whatman #1 8.39 7.84 6.66 


Sized Whatman #1 8.72 7.55 6.84 


Whatman 1956 2.38 4.48 2.14 


Kenaf recto 8.36 1.78 1.36 


Kenaf verso 8.89 1.97 1.88 
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Paper," qualitative determination. 
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