THE USE OF DIRECT REACTIVE FLUORESCENT DYES
FOR THE CHARACTERIZATION OF BINDING MEDIA

IN CROSS SECTIONAL EXAMINATIONS
by Richard Wolbers* and Gregory Landrey”

A brief review of current methods and materials used for media characterization
on small cross-sectioned samples of painted or varnished structures is presented.
Both the limitations and advantages of these techniques are discussed, along with
general criteria for the successful performance of such stains. Several puorescent
reactive dyes are currently available to meet these requirements. Their application,
and usefulness as microscopic reagents is presented in a case study type of format.
Painted and varnished structures of all types are covered by these examinations.

Current interest in, and techniques for, the micro-chemical characterization of binding media in small
samples removed from artifacts or paintings seem to derive from a very few seminal sources within the
conservation yeld itself(1,2,3). Where credit is acknowledged, contemporary publications in both archi-
tectural and yne arts preservation point to Joyce Plesterés article which appeared in Studies in Conser-
vation, 1956, as a key source work(4). In it she provided an excellent review of sampling techniques,
mounting materials and micro-chemical tests available at the time for characterizing under the micro-
scope binding materials, and indicated something of its history, and both the beneyts and limitations of
such applied techniques. The methods, at least, have remained largely unchanged since Plesterso work.
Current architectural practice standards for instance still call for solubility-type tests in the characteriza-
tion and description of certain historical paint and varnish. types(4,5). In terms or yne arts, only a hand-
ful of biological stains suggested in the literature have either augmented or supplanted the two originally
found useful by Plesters(2,3). But sampling, mounting and examination techniques really have changed
very little from those described by Plesters. The reasons however, for taking samples or doing some
form of cross-sectional analysis, both visually and with micro-chemical tests or probes remain as valid
and largely the same as those originally set forth by Plesters.

In terms of understanding the complex visual phenomena presented by the surface of a painting or
artifact, a small sample can provide a wealth of information of both a technical and visual nature, within
certain limits. It does this by revealing what materials are present, how theybve changed with age, and
how it is that certain effects are generated either by design or deterioration. A small cross-sectioned
sample yields a certain amount of contextual information that might be eschewed by other forms of
more sophisticated analysis. Certainly with the advent of Fourier Transform Infrared or even more
elaborately hybridized instrumentation, media analysis at the microscopic level has, to some extent, been
trivialized(6,7). Small samples, commensurate with the amounts which might be safely removed from a
painting or other delicate structure can now be taken and analyzed by anyone of a variety of instrumen-
tal methods. Yet it is the very arrangement of these materials, layer on layer, layer into layer, the aging
effects within a given layer, | trace amounts of additives and so on, which also provides useful informa-
tion, for interpreting and characterizing a painted structure. As an artifact of a certain maker or level of
technology, a good deal of physical information can. be posited in an organic material. The natural oils,
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resins and proteins that form either individually or in combination the basic traditional art or ynish mak-
ing materials bear also within their primary chemical structures the hallmarks of the chemical processes
of their manufacture, manipulation, handling, construction, and, of course, age. Visualizing these mate-
rials and their interrelationships by using micro-chemical reagents can extend our ability to answer the
still fundamental questions of what was used when, to what purpose, by whom, and to add to our basic
lexicon of information, more than might be found in other routine types of examination | techniques.

Solubility type tests per se can be helpful in media characterizations only to the degree that materials and
more particularly their solubility parameters remain fairly well deyned, and distinct from one another.
Materials are inevitably compounded however, they age, crosslink, etc., and, in short, are complicated
even from the outset in composition, and there can be a tremendous amount of overlap in terms of exhib-
ited solubility parameter. Thus, solubility in Dimethylformamide (DMF) or aqueous basic solutions has
been used by some as a criterion for an oil bound composition. Its just as true though that, as extremely
polar solvents, they would as readily solubilize most of the natural polymeric materials likely to be
found in paints and varnishes, including collagen and milk derived proteins(8,9). Certainly these mate-
rials can be sorted through one from another, and visualized independently by taking advantage of the
afynity of speciyc functional groups for certain highly colored biological stains. Plesters introduced the
idea of using Nile Blue as a general stain for oils and Acid Fuschin as a general stain for proteins(10,11).
As a relatively non-polar material Nile Blue retains a strongly hydrophobic character and exhibits a con-
comitant afynity (depending on . the carrier solvent) for oil or oil-like hydrophobes. But it is also con-
ceivable that in aqueous or partially aqueous system it can dissociate to a limited degree into a weakly
anionic material which can be non-speciycally associated with, or be adsorbed onto weakly cationic
material. Acid Fuschin is essentially the Di-sodium salt of a tri-sulfonated derivative of a pararosanilin
type. It is a fairly soluble in water, is highly colored, and if dissolved in water would tend to be strongly
anionic in character and tend to associate with any oppositely charged basic material in a given sample,
depending on the surrounding pH and small ion concentration in solution. In the case of a protein bear-
ing sample any of the basic amino acids which might function as weak cations could adsorb the stain
and be made visible by it. It was pointed out as early as 1926 by Pischinger(12) however that the uptake
of acidic or basic stains onto the oppositely charged groups of proteins from aqueous solutions was a
function of the pH or small ion concentration in that solution. Indeed, a variety of staining effects could
be achieved, and some selectivity in staining, by delivering any given stain in a series of pH graded
buffer solutions. Lowering the pH of a solution containing an acidic stain tends to diminish its anionic
character slightly making it more hydrophobic, while at the same time tends to promote protonation, and
an increasing cationic character to : proteinaceous materials. To maximally protonate and therefore make
available for staining as many basic groups on that protein as possible, fairly acidic solutions were, and
are, still often used to deliver acidic dyes. Elizabeth Martin in her article, iSome Improvements in the
Techniques of Analysis of Paint Mediao (Studies in Conservation. Vol. 22, 1977, pp. 63-67), attempted
to exploit this phenomenon to differentiate between proteinaceous binding materials in paint structures.
But the trade-off is a more and more non-speciyc staining or deposition of the acidic stain on the sample,
as it losses its charge, along with the desired staining effect on the substrate. The problem then becomes
one of Aidestainingo or washing off the non-speciycally absorbed stain while leaving it behind selec-
tively adsorbed onto the groups it was meant to associate with. Again, if staining is a function of pH,
destaining can produce a variety of effects depending on the pH and solvent strength of the destaining
solution. Results may vary depending on the length of time of destaining, and on the complex nature of




the substrate; if nothing else, paint cross sections, despite being carefully ground or polished, tend to be,
on a microscopic scale, still very granular, porous, substrates which donét lend themselves to efycient
washing. In histology, tissue, samples containing proteins can be carefully yxed(13) (i. e. denatured, and
bound to a solid matrix) and copiously washed before examination to minimize the effects of non-specif-
ic staining. The methods of general histology however do not necessarily transfer without modiycation,
given the same type of stains available, to paint cross-sectional analysis. Acidic or even neutral aqueous
staining systems tend to swell, and solvate proteins; without prior yxing their loss is inevitable during
staining and destaining procedures, and can seriously compromise an unequivocal reading of the ynal
stain deposition and its interpretation.

These and other technical problems were described in great detail in Johnson and Packards work of
1971; in essence, they introduced Ponceau S(14) and Sudan Black B(15) as cross-sectional media stains
for proteins and drying oils, respectively. Both are Diazo type dyes; Ponceau S is the tetra salt of a 3,
hydrozyl-diazotetrasulfonate. In a dilute, weakly acidic aqueous solution it is a strongly colored (red),
weakly anionic material. Again, any material with a cationic character under these conditions can con-
ceivably adsorb the dye and be made visible by it. As a protein stain then, it should function well in the-
ory. Johnson and Packard did note a sensitivity of certain materials to dissolution in the acidic staining
solution; when this occurred they recommended that the stain Coomassie R 250,(16) which is entirely
soluble in a dilute neutral aqueous solution, (presumably because of the higher pK of the ionizable sul-
fonate groups on it) be used instead of Ponceau S. In either case, stains were applied in agueous systems
and then were washed or destained in water as well. Aged samples seemed to fair better through staining
and de staining without any yxing procedures;omodel0 or fresh materials used as test substrates required
yxing in 3% Acetic Acid or heating to 98 C prior to staining to preserve them through the staining or
destaining procedures. Presumably in age, proteinaceous binding materials undergo a variety of reac-
tions that could leave them less soluble in aqueous systems. The loss of certain polar groups through de-
amination or decarboxylation can occur(17,18); cross-linking could also occur which might make these
materials more resistant to swelling and solvation in aqueous systems( 19). These effects have to be
variable though, and must depend a good deal on the vagaries of what materials are present and the envi-
ronment and treatment history the paint or ynish have been subject to. When does a given material reach
a level of insolubility in aqueous staining and destaining solutions to remain intact and reliably retain a
stain to repect its presence on examination without yxing? Fixing procedures using fairly acidic incuba-
tions or heating prior to staining may change the sample or remove materials from which might change
or limit its characterization on examination. Either Ponceau S or Coomassie R250 as the brightly colored
sulfonic acid derivatives of certain dye-types are only soluble in agueous systems as long as theyore
sulfonic acid groups are dissociated or charged; hydrophobic interactions in a non-speciyc fashion can
be forced with these stains if the hydrogen ion or small cation concentration around them rises apprecia-
bly; water washes alone, no matter how copious, may not be enough to break these kinds of hydrophobic
interactions and successfully destain dyes adsorbed to substrates in this fashion. Sudan Black B, as with
the earlier Nile Blue, is soluble in a variety of relatively non-polar solvent systems and can conceivably
function as a lipid or hydrophobe stain. Johnson and Packard applied Sudan Black to test oil samples in
a dilute solution in an ethanol:water system (3:2) and destained in a slightly more polar mixture of the
same two solvents (Ethanol:Water (2:3)). The authors admit to an intrinsic variability in the staining and
destaining process. The staining and destaining solutions tended to wash away the oil substrates if left in
contact with them too long. Again, the success or the unequivocality of this kind of staining technique



is probably as much a function of the degree of crosslinking (and therefore solubility) of the oil sample
to be stained, other properties in age, and the materials which are present with it in the sample, as it is in
choosing the proper solvent strength in designing an appropriate staining and destaining solution for a
particular sample.

Itds a curious position Johnson and Packard take in relationship to the overall success or failure of a
particular staining procedure. One of the fidisadvantageso of Sudan Black B was its relative transpar-
ency, i.e. its lack of coverage of pigment particles within an oil bound paint layer. Ponceau S was seen as
superior because the stain could not only be picked up by a proteinaceous binder or component in a paint
layer but it also ficoveredo pigment particles present in that layer and minimized their presence visu-

ally to simplify reading where the stain was ultimately deposited. The color of an applied stain can be
problematic on certain paint layers as Johnson and Packard point out. A blue dye, for instance, adsorbed
onto a blue pigmented layer is difycult if not impossible to discern, at least at low magniycations. With
visible light type stains, this would seem to imply that at the very least, a variety of colored stains (de-
pending on paint colors present) should be available, or employed in, the routine examination of media
in cross-sectioned samples to avoid the possibility of missing the presence of certain materials in certain
layers. But the fact that Ponceau S is adsorbed by both pigment and binder in a layer is not an advantage
but more indicative of a general problem with the non-speciyc adsorption of this dye onto a material
which shouldnft have retained it in the yrst place. The need for speciycity cannot be understated--media
stains should of course be adsorbed by binders only. And to guarantee the most consistent sort of results,
that adsorption should take place in solvent delivery system which wondt disturb either the pattern distri-
bution or localized concentration of a stained material in the original sample. Ideally, staining should be
independent of substrate concentration or color, and minimally effected by the presence of other materi-
als likely to be present initially or develop with age, or result from treatment of a painted structure.

Certainly, the most highly speciyc reagents available for the recognition of-certain types of proteins, at
least, are antibodies raised against those speciyc structures in animals(20). Immunoglobulins (antibod-
ies) can, under physiological conditions (pH=7.6, ionic strength equivalent to normal saline) associate
with their antigens (target protein structures) and form aggregates in solution and ultimately precipitate
en masse with them. For each antibody made there is only one unique portion of a protein that yts it.
Conceivably then antibodies can, and have, -, been raised against some of the common proteins found in
art or ynish making materials, and can firecognizeo them. I If brightly colored dyes or puorescent materi-
als are coupled to puriyed antibodies, both a high degree of speciycity and visibility as reagent stains
can be achieved. The notion to use puorescent antibodies as microscopic media stains was advanced by
both Johnson and Packard and later Talbott(21). Practically speaking, while antibodies are highly spe-
ciyc reagents, relatively long incubation times are required both for reaction and destaining(22). Again,
in normal histology, puorescent antibodies are applied in buffered saline solutions, pH 7.6, i.e. normal
physiological conditions, to previously yxed tissue or cell samples on glass slides. After about 30 min-
utes the samples are copiously washed with a higher ionic strength buffered saline solution, again at a
pH of 7.6. Uptake of an antibody is a function of antibody concentration, substrate concentration, pH,
ionic strength, time of staining, and so on. But more than anything else, two factors have made the direct
application of these histology techniques for antibody staining hard to transfer to paint cross-sectional
analysis; 1) the long exposure of unyxed protein containing samples to high ionic strength aqueous
staining and de staining solutions, and 2) the precipitation-like reaction between antibody and antigen.



Antibodies are fistickyo molecules; they have a large hydrophobic tract of amino acids at one region of
their structure; they tend to aggregate once theydve bound to an antigen by coalescing together at this
region, non-speciycally(23), and its this potential fistickinesso or hydrophobicity which makes them poor
reagents, at least without modiycation. They can be adsorbed onto pigment and inert materials as well as
hydrophobic substanced, and these kind of non-speciyc interactions cannot easily be fidestainedo or
broken by aqueous saline washes. Antibodies can be made less fistickyo by mildly reducing them, enzy-
matic degradations, where whole anti bodies can be split into smaller fragments (light and heavy chains)
and the fistickyo portions (heavy chains) can be separated away. The so-called filight-chainso of immuno-
globlins carry the structures which recognize other speciyc protein segments and these, if coupled with a
dye or puorochrome could prove to be useful in media analyses in the future(24). Fluorescent materials
in general are much easier to see at low concentrations under the microscope than visible light stains
because they can readmit a good deal of the absorbed light energy that impinge on them. But again, for
any stain to be unequivocal in its reading it has to be applied to a general mixture of materials without
disturbing them, be picked up on one component in that mixture speciycally, and then be easily washed
off the rest without affecting their disposition. Where proteins have been present in a sample, acidic
dyes, and more speciycally, the sulfonated derivatives of highly colored materials. have been used to
mark or stain them by adsorbing onto them through weak ionic sorts attractions. The sodium salts of
these dyes form anionic species in solution and the basic amino acids on the proteins where protonated,
act like weakly cationic substances. Both stain and protein have to be in aqueous environments for the
adsorption to occur. But the problem remains, how to deliver the stain and not wash away the protein at
the same time? Certain organic functional groups--acid chlorides, isocyanates, sulfonyl chlorides, azides,
diazonium chlorides, etc.--react spontaneously in non-aqueous environments with primary, uncharged
amines to form condensation products covalently bound to the amino bearing moiety(25). Fluoresce-
in(26), Rhodamine B(27), and a number of related puorochrome structures have been derivatised to
produce just such reactive dyes, which have the capacity to covalently bind to free amino groups and
couple to them. Practically speaking, such a reactive puorochrome can be delivered to a protein contain-
ing sample in a non-aqueous solvent--one hopefully which is a poor solvent for the protein to be stained
itself or any other material for that matter to be observed, present with it--and allowed to react to form a
puorogenic adduct to the protein, marking it and making it visible under speciyc illumination conditions.
Lissamine Rhodamine Sulfonyl Chloride(28) in a dilute solution in acetone (.25g/100ml) has been used
by us as a marker or stain for proteins, as has puorescein isothiocyanate (FITC), (.25g/100ml in acetone).
Samples are cast into small polyester blocks (Bio-Plast, Wardds Natural Scientiyc, Inc.), ground to reveal
a cross-sectional presentation and then the dilute stains delivered by pasteur pipette onto the exposed
sample, The carrier solvent (acetone) evaporates immediately and the samples are cover-slipped without
rinsing, with a slow evaporating aliphatic hydrocarbon solvent (Shell Solv) and examined under the
appropriate excitation wave length light for the dye being applied. The unreacted portion of the applied
stains are soluble in the coverslipping medium, and by dilution, become invisible under the microscope;
that portion of the stain which has reacted with available amino-groups puoresces brightly even at
relatively low concentration on the substrate. Since the sample is essentially bathed in a monochromatic
light for exciting the puorochrome, during examination intrinsic color in the sample tends to become
gray-like or dark and the puorescence of the dye brightly visible on the sample. The puorescence colors
of Lissamine and FITC are bright red and yellow-green respectively; since very few of the materials of
traditional ynish or paint construction puoresce with these particular colors intrinsically, theyére reading
is usually uncomplicated by other in-situ materials. The natural resins, such as dammar, mastic, rosin,



and shellac of course do puoresce intrinsically or can develop an auto-puorescence on aging; the same
can be said for proteins and carbohydrates generally speaking. They tend to (save for shellac) puoresce
with a blue-white color under long wave ultraviolet light illumination. Again, the color of a reactive
puorochrome can be selected to avoid confusion with these observed properties of certain materials.
Where these materials do not exhibit a background puorescence before staining, a dye called Fluores-
camine(29) has also proven a useful puorogenic marker for proteins; in the presence of a free amino
group the puorescamine molecule bonds in a non-aqueous environment to the free amine. Structurally,
this bonding allows a lactone ring to close within the molecule of the dye, imparting a blue-white puo-
rescence to it. Where it reacts, the puorescent adduct to the protein is seen; the unreacted material
remains unpuorescent and therefore invisible under near ultraviolet examination. Typically, only about a
.259/100ml in acetone solution of puorescamine is necessary for staining. The stain is applied, carrier
solvent allowed to evaporate, the sample is cover-slipped in Shell-Solv, and then examined immediately.
No staining/destaining cycle is necessary for a reading. Again, by selecting a carrier solvent to deliver
the stain which is a poor solvent for the proteinaceous substrate, its chances of remaining intact in both
amount and distribution in the sample are greatly increased over aqueous based stains. Emulsion-type
binders or coatings of the simplest type; i.e. protein and oil mixtures, may stain better if dyes are deliv-
ered in less polar solvent systems than water as well, because of the increased wetting onto these materi-
als that may be substantially hydrophobic in character. Johnson and Packard noted a kind-of fispeckledo
staining pattern for Ponceau S on layers they deemed protein and oil emulsion types; itts probably just as
likely that the fispeckledd deposition of the stain might be a water-spotting kind of phenomenon, i.e. a
lack of wetting onto a non-polar surface by a polar substance, and not, as they suggest, a repection of the
micellular structure of the emulsion itself.

As general lipid (drying-oil) stains, two puorochromes, or puorogenic materials have proved useful;
Rhodamine Band 2,7 Dichloropuorescein(30). The former forms a brightly red-orange puorescene in
non-polar type environments. As with puorescamine, in an aqueous environment the structure of Rho-
damine B is a soluble, highly colored but non-puorescent entity. In a relatively non-polar environment
a hetero annular ring closure within the molecule takes place to produce a puorescent moiety. When
Rhodamine B is allowed to fidissolveo in a drying oil structure then, it puoresces brightly. Again, by
selecting a carrier solvent which dissolves the dye, wets efyciently onto an oil containing sample, and
doesnit dissolve it, Rhodamine B can be delivered to and stain for an oil component down to only trace
amounts of that material in both a quantitative as well as a qualitative sense. 2,7 Dicholoropuorescein is
simply used when a different puorochrome color is required, for counterstaining, or higher visibility. It
puoresces a yellow-green color dissolved in an oil containing material. Its afynity is purely by solubility
parameter only and ,functions much like the oil stains discussed earlier.

Reducing sugars, by virtue or their slight redox potential have been visualized by us on cross sections

in a kind of reverse puorescence type reaction. Compounds similar to substituted tetrazoles can exhibit
very high sensitivity to even the mildest of reducing agents. When reduced they can revert to highly
colored formazan-like compounds(31). Triphenyl-tetrazolium Chloride (TTC) is soluble in a fairly wide
range of non-aqueous solvents(32). If it is dissolved in methanol (.1g/100ml) for instance and delivered
to a sample containing a reducing sugar (gum, starch, etc.), it can convert upon evaporation of the carrier
solvent to a formazan product on exposure to a slight amount of atmospheric moisture. Where a natural-
ly aged gum or starch component is auto-puorescent, this appears to darken the sample where the reac-



tion takes place, when the sample is viewed under the proper excitation wave length light. Parentheti-
cally, while its never been explicity state, mounted sample grinding should not be done in water, if those
materials sensitive to water, i.e. proteins, gums, and water soluble resins hope to be preserved through
the sectioning and grinding process.

Martin has suggested Bromcresol Purple (.1% in ethanol) as a color indicator for natural resins, by virtue
of any resin acids which might be present in a particular material. The author points out as well that oils
to some extent contain free acidic groups as well, although to a lesser extent. To these materials one
must add proteins and some sugar or polysaccharides as well; and along with the variety of materials
which contain acidic functional groups, it should be pointed out that even within the limited group of
natural resins which form the basis for traditional coating materials, a fairly wide range of acid contain-
ing material is possible as well(33). Dammarolic acid may represent only 1% of total welght of certain
dammars; on the other hand elemolic acid may constitute upwards to 30-40% of gum elemi. These
numbers, of course, certainly change with manufacture, age and treatment history of the materlal. One
feature of some of the natural resins exploited by us in terms of a puorescent staining-type reaction is
the formation of the hexachloroantimonate salt of a carbonium ion generated by stenols in the presence
of antimony pentachloride(34). The hexachloroantimonate puoresces a bright blue-white in color under
long wave ultraviolet light illumination. In the presence of naturally aged, autofluorescing resins only
an increase in puorescence is noted, not a distinguishing puorescent color; on the other hand, resinous
materials which are not autofluorescent can be made visible this way, as can some asphaltic material ap-
parently by virtue of its highly polycyclic core or asphaltene material. The antimony pentachloride can
be delivered to a sample as a 20% solution in chloroform; the chloroform volatilizes away , immediately,
and excess antimony penta- and tri-chloride sublimates away. The sample is wiped cleaned and cover-
slipped with Shell-Solv as described above.

As general classes of materials, the organic structures which have formed the basis of traditional western
art or ynish making binders lend themselves to examination not only by their interaction with visible
light, but ultraviolet and infrared interactions as well. As early as 1911 (Stubel) and 1913 (Wasicky) in-
vestigators attempted to classify organic materials by their uautofluorescent properties(35). The discov-
ery of certain synthetic puorescent dye types predates even these studies (Fluorescein, 1871, and Rho-
damine, 1887) by a good margin(36). With the introduction of the yrst truely puorescence microscopic
apparatus by Hemstadt and Lehman in 1911, the examination and selective staining of microscopic
samples began in earnest. Early landmark papers on either autofluorescence or puorescent staining have
to include Bommer (1929), Haitinger and Hamperl (1933), Haitinger (1938), Eichler (1934-35), and
Haitinger and Lins (1934-35). Through this series of works one can track the progressive developmental
use of puorochromes to selectively stain and make visible certain organic structures, and the recogni-
tion of critical staining factors with regard to stain concentration, staining times, pH, and secondary or
multiple puorochroming(37). The yrst use of a puorescent-antibody reagent is surprisingly early as well
(Coons, 1941)(38). FITC as a speciyc relative derivative of puorescein for labeling proteins in It non-
aqueous environments is yrst introduced by Rinderknecht in 1960(39); Fluorescamine by Undenfriend
(1972)(26); and Lissamine Rhodamine Sulfonyl Chloride in 1958 ( 25) . By car e full y a d apt i n g their
use to the special requirements of paint cross-sectional examinations, conservators or conservation sci-
entists may realize some of those beneyts, directly or indirectly stated in the above discussion. That is,
as aids in visualizing the presence and contextual relationship between materials, their quantity, location,



interaction, and change with age and treatment. The following case studies are offered as examples of
how this kind of information has been utilized by us in either apprehending or conserving certain painted
or ynished structures.

CASE STUDY #1

A 250 x 300 Portrait of Anna Ross Hopkins by Jacob Eichholtz (1813) descended through the sitters
family and was bequeathed to the Heritage Center of Lancaster County, Inc. in 1967(Fig. I1A). On ex-
amination in the studio, the overall appearance of the painting was very dark; the uppermost surface
coating was extremely yellowed with age and grime laden. On examination in cross section(Fig. IC) the
uppermost surface coating exhibited a bright red puorescence when stained with a .25% Rhodamine B
solution in Ethanol, indicating a relatively high oil content to that layer. As part of the treatment course,
a Lipolytic enzyme/detergent solution was used to hydrolyze and subsequently solubilize the surface
coating. Two features of the painting structure, revealed in cross section, made the choice of this ap-
proach to cleaning a logical one. 1) - The uptake of the dye (Rhodamine B) is proportional to the content
of the oil component of the surface coating; its - possible to quantitate this uptake by directly measuring
the puorescence produced by the stain in a non-polar environment, by means of a micro-spectrophotom-
eter, or by adapting to the task any general micro-photometry system, with a variable format diaphragm,
and a capacity to measure - at individual or restricted wave lengths, peak puorescent emissions. Even
qualitatively, the indication from the cross section for a substantial oil component made it feasible to
approach its removal with the enzyme/detergent system (Fig. ID, shaded portions are oil containing
layers and were positive with Rhodamine B). 2) While very thin, an original varnish layer, composed of
primarily a natural resin lay underneath the uppermost oil containing coating. - It autopuoresced only
weakly overall, but in most cases appeared to form a continuous ylm of material between - paint and the
most recent coating, and could act as an effective fimasko or fistopo for the enzyme to protect the original
paint from enzymatic hydrolysis. Its autofluorescence was used to distinguish and characterize the older
original varnish layer, and indicate a very low oil additive or modiyer in it, making it a poor substrate
(and a good barrier) for a Lypolytic enzyme treatment (Fig. 1B) is the surface coating partially removed
from the painting in the lower right corner).






CASE HISTORY #2

A general paint survey was performed on the exterior decoration of The Willows, Fosteryelds, Morris-
town, New Jersey, an estate constructed in the mid-18500s by General Joseph Revere, grandson of the
Revolutionary War hero. General Revere, an artist as well as a soldier, is generally credited with much
of the original interior - decoration; the dining room is elaborately decorated with trompe léoeil murals
and fauxbois trim elements. While - little was known of the exterior decoration history, the trustees of
the estate were interested in both the original as well as the exterior decoration during the 18906, dur-
ing the tenure of one of the estates subsequent owners. In cross section, the original exterior appeared

to be a complex layered construction of base coat(s) of a proteinaceous binder, followed by layers of

oil paint and toned resin varnish to build a visual presentation that was additive rather than direct. As

an example, Figure 3A shows the bottom of a sample removed from an engaged column on one of the
porches on the house; here the bottom brown layer (base color) is covered with a red layer, and a highly
weathered thin black layer. Under ultraviolet illumination the red layer splits into two distinct layers
(Fig. 3B), the uppermost of these autopuoroescing brightly. When stained with Rhodamine B (.25%

in Ethanol) Fig. 4C), the red layer picked up the dye and puoresced a bright red orange in its binder. A
small band of autopuorescing unstained material surrounding the black pigment particles on top of the
red layer remained negative for oil or protein stains, yet clearly indicated a black glaze-like material,
that was distinct from what might have been otherwise mistaken as a grime layer. Schematically this is
represented in Figure 4D in the layer labeled (2) as a non-staining material at the top of this layer. Part
of the increased puorescence and oil penetration in the top of layer (1) is due to the immediate applica-
tion of oil bound material onto this relatively porous base coat. The layer marked (A) is a yller (Calcium
Sulfate) used in preparing the wood substrate prior to painting. The layering of a thin black glaze over

a red opaque layer would produce a brown layer in overall appearance; color restoration to this original
scheme would have to mimic the effect of both layers and not simply, a priori, proceed from the assump-
tion that the bottom-most continuous paint layer was the original presentation surface. A Leitz Orthoplan
Microscope ytted with an SP-MPV (Leitz, also) Micro-Spectrophotometer was used to reconstruct the
original color by measuring the combined visible light spectrum of the two layers simultaneously. Media
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