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FOREWORD 

The papers collected in this volume comprise the 10th publication of Postprints published by the 
Objects Specialty Group (OSG) of The American Institute for Conservation of Historic and 
Artistic Works (AIC). The papers were either presented during the annual OSG session or as 
posters at the annual AIC meeting in Arlington, Virginia in June 2003. 

The papers are organized as they were presented in the OSG program in two sessions, followed 
by the objects-oriented poster submissions. 

The theme of the morning session was Creativity in Objects Conservation. This session 
naturally fell into several sub-themes. The first three papers examine the development and 
evolution of new approaches and ideas to objects conservation issues. The paper from Bischoff, 
Bustamente, Reedy, Corbett, and Walton, examine the transfer of electrochemical cell testing as 
a methodology that can be used to scientifically assess the suitability of exhibition and storage 
materials. The paper by Buenger examines the developing use of DNA analysis for biohistorical 
research on cultural and historical objects and the development of ethical guidelines for such 
research. The paper by Odegaard, Boyer, Huber, Kaplan, Kunioka, Moreno, Podsiki, Sadongei, 
Smith, and Zimmit, examines the process of testing and developing protocols for the 
examination, storage, and handling of objects previously treated with pesticides. The next two 
papers form the theme of consultation and interaction in conservation projects and how that can 
provide fertile ground for the development of more inclusive and sensitive conservation 
strategies. The paper by Johnson, Heald, McHugh, Brown, and Kaminitz looks at the program 
that was developed at the National museum of the American Indian (NMAI) to consult with 
native peoples on the handling, care, conservation, and preservation of Native American cultural 
materials. The paper by Davidson looks at the value of consulting colleagues in different 
disciplines to introduce methods and materials in use in objects conservation to that of the 
preparation of fossil dinosaur remains. Three papers form the theme of examining past treatments 
and conservation practices as a way of informing the present and future of our profession. 
Ravenel's paper on the conservation of the Doll collection at the Shelburne Museum shows how 
practices that were once seen as novel at the time, and have since become standard practice, are 
so important in documenting our methods and materials for future re-treatments and 
reassessment. The paper by Carlee and Carlee examines the preventive conservation program 
that was implemented in the state of Alaska in the 1970's and how that program cost-effectively 
improved museum practices and the preservation n of the cultural and historical collections of the 
region. The paper by Williams looks at the survey of the study collections at Colonial 
Williamsburg as a way of assessing past conservation treatments and methods over a 75 years 
time span. The final two papers from the morning session examine the theme of questions raised 
and questions answered during diverse conservation treatments and projects. The paper by 
Meyers examines the questions raised during the washing / desalination of low-fire ceramics 
from Native American archaeological sites and its implications for the use of this practice by 
conservators. The paper by Arenstein, Brady, Carroll, French, Kaplan, McGrew, Merritt, and 
Williamson on moving the collections of the National Museum of the American Indian from 
Brookyln, NY to Washington, D.C., shares knowledge gained during the organization and 
implementation of a major relocation and rehousing project for an entire collection. 

The afternoon session presented various objects conservation tips with a more focused series of 
presentations with a panel discussion on inpainting. These papers ranged from Holbrow's tips on 
loss compensation and inpainting of several objects treatments at the Williamstown Regional 
Conservation Lab to Russell's paper on loss compensation and surface of Spanish polychrome 
wood sculptures. Koob presented a paper on tips using epoxies and casting and molding 
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materials in the treatment of glass objects while Peachey's paper showed the advantages of using 
dental molding compounds to record surface morphology on underwater shipwrecks in a zero-
visibility environment underwater. The NMAI staff (Arenstein, Carroll, French, Kaplan, 
McGrew, and Williamson) presented tips on the use of cyclododecane as a temporary consolidant 
for fragile objects before relocation and tips on the mass production of supports for housing 
various collection objects. In the middle of the session Tony Sigel's paper on a reconsideration of 
filling and inpainting techniques for ancient ceramics led to a panel discussion and questions 
form the attendees focused on inpainting issues in objects conservation. 

The papers from the AIC poster session examine diverse topics from the paper by Bosworth, 
Johnson, and Hahne on researching and identifying organic pesticide residues at the National 
museum of the American Indian, to the paper by Griggs-Hakim on the repair of a bamboo basket 
using false wraps of Japanese tissue and wire. Leculier's paper examines cellophane in 
collections and the paper by Odegaard, Huber, Kaplan, Moreno, and Podsiki presents a treatment 
that used an S.S. White air abrasion unit to treat fire damaged baskets. 

I would first like to thank those who participated as presenters at the OSG program and the many 
who graciously followed up with their written submissions to this volume. Special thanks are in 
order to Pat Griffin, the OSG chair in 2003, for her wisdom and support in the process of 
developing and carrying through the program and postprints. Tony Sigel did a wonderful job of 
organizing the afternoon tips session and the inpainting forum. Finally, this volume would not 
be possible without the dedication and experience of the OSG Postprints editor, Virginia Greene. 

David Harvey, OSG Chair 2003-2004 
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ABSTRACTS 

From an Idea of Creativity to a Product of Reliability: Update of Research on 
Electrochemical Testing of Exhibit and Storage Materials 

Judith J. Bischoff, Jason A. Bustamente, Chandra L. Reedy, Richard A. Corbett, and Marc S. 
Walton 

In 1998, Reedy et al. published preliminary work on a new method for testing of exhibit and 
storage materials, proposing an electrochemical testing method as a replacement for the 
unreliable Oddy test. Although this method appeared to hold great promise, there was still much 
work needed before it could be routinely applied in the conservation profession. Herein is 
described an update of the research on this method including optimization of the working 
electrode, extraction procedures and data interpretation, along with attempts to assess and 
achieve reproducibility of the method. Future research plans needed to ensure the utility and 
routine use of this method are also discussed. 

Connective Tissues: Ethical Guidelines for Biohistorical Research 

Nancy Buenger 

A wide range of academic, commercial, and private investigators are seeking access to historical 
human biological materials from cultural collections and historical sites for biomolecular 
research. Bioanalysis of historical bone, hair, bloodstained artifacts, and other trace evidence has 
raised profound historical, scientific, and social questions. Professional guidelines, state laws, 
and federal regulations vary in their applicability to these debates and custodians of cultural 
collections face considerable difficulties when evaluating these requests. The Chicago Historical 
Society (CHS) and the Institute for Science, Law, and Technology (ISLAT) at the Illinois 
Institute of Technology have initiated a multi-year project to develop ethical guidelines for 
biohistorical research. Funded by the National Science Foundation, the project is intended to 
generate a national dialogue between museum professionals, academic specialists, legal experts, 
and cultural groups. An evaluation of historical, scientific, and social concerns raised by recent 
studies has generated preliminary suggestions for evaluating biohistorical research proposals; 
ethical guidelines will be published at a later date. CHS and ISLAT are soliciting case studies as 
well as commentary as they develop the guidelines. 

New Ideas for the Testing, Documentation and Storage of Objects Previously Treated with 
Pesticides 

Nancy Odegaard, Leslie Boyer, Melissa J. Huber, Lara Kaplan, Caroline Kunioka, Teresa 
Moreno, Cheryl Podsiki, Alyce Sadongei, David R. Smith, Werner Zimmt. 

Pesticide residues and chemicals from preservation efforts on museum collections have long 
been a silent health hazard for museum workers. In recent decades conservators have sought to 
improve the safety of objects and to protect the health of the people that work with them. 
Specifically, these efforts have included stopping the use of chemical pesticides in museums, the 
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increased use of personal protective equipment, and the removal of treated objects from 
educational programs. Today, conservators, tribal communities and museum professionals are 
faced with a particularly urgent situation: sacred objects and objects of cultural patrimony 
eligible for return under the 1990 NAGPRA law may be contaminated with poisonous residues. 
This paper will illustrate how standards for testing, documentation, and possible removal of 
residues are being developed to reduce the threat of physical harm these objects pose to people as 
a result of repatriation. 

Practical Aspects of Consultation with Communities 

Jessica S. Johnson, Susan Heald, Kelly McHugh, Elizabeth Brown and Marian Kaminitz 

Exhibitions for the new Mall Museum of the Smithsonian's National Museum of the American 
Indian are being prepared through partnerships with representatives from twenty-four native 
communities. To prepare objects for these exhibits, NMAI's Conservation Unit carried out 
conservation consultations with representatives from these communities. These consultations 
guided the treatments by giving the conservators information about the history, usage, and proper 
care of the artifacts. This paper addresses the practicalities of how these consultations were 
organized, conducted and the information recorded. It is our hope that this is the first step in a 
process that will lead to a more active roll of the Native Communities in the conservation and 
preservation of their cultural material. The results of this work can be seen in the new museum 
opening September 21, 2004. 

Preparation of a Fossil Dinosaur 

Amy Davidson 

In 1994 the nearly complete fossil remains of a new species of oviraptorid dinosaur, Citipati 
osmolskae, were found in the Gobi desert of Mongolia. The preparation of this important 
specimen for study and publication posed numerous challenges due to the extreme fragility of the 
fossil and the request by the scientists that the bones be removed from the matrix and 
disarticulated as much as possible. 

Collaboration with obj ects conservators in the Anthropology Department of the American 
Museum of Natural History proved an important part of the project. The combination of 
traditional fossil preparation techniques with the materials and approaches of object conservation 
resulted in several innovative solutions and proved a valuable learning experience for everyone 
involved. 

The treatment of the fossil involved removing it from the matrix using a wide variety of tools and 
techniques. The bones were consolidated with Butvar B76 and joins were made with Acryloid 
B72. During the preparation and consolidation process glass beads, tin foil, plaster bandage, 
fiberglass and cellulose nitrate were used to create a variety of temporary supports. Permanent 
supports for the most fragile areas were fashioned using the sandy matrix mixed with Butvar 
B76. 
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Conservation Before Conservation at the Shelburne Museum: The Doll Collection 

Nancie Ravenel 

In 1947, Electra Havemeyer Webb began to assemble her museum. Helping her make her vision a 
reality were teams of craftspeople responsible for moving examples of New England vernacular 
architecture to the Shelburne Museum grounds and mounting exhibitions within them. Through 
common sense and creativity, these craftspeople sometimes undertook their projects in a manner 
that presages today's accepted practice in art conservation. 

One such staff member was Marta Mengis, a Latvian refugee who was hired as a seamstress in 
1950 after her son, Einars, was hired as a photographer at Shelburne Museum. From the start of 
her employment, Marta kept a log of repairs that she made to the collection in a series of 
notebooks. In 1960-64, in preparation for a catalog of the Museum's dolls, Marta worked with 
Einars to photograph each of the approximately 500 dolls in the collection in their dressed and 
undressed states. Despite the effort put toward the project, the catalog was never completed. 

In 1998, preparations recommenced to produce a catalog of Shelburne's dolls. Following a 
curatorial reappraisal and a condition survey of the collection, 260 dolls have undergone 
conservation treatment in preparation for photography. Using photographs and documents from 
the Shelburne Museum archives, this paper examines some of Mrs. Mengis's projects and their 
influence on recent conservation efforts on the same artifacts. Changes made to the manner in 
which the dolls are displayed are also addressed. 

The Influence of Early Ethnographic Conservation in Alaska 

Scott Carrlee and Ellen Carrlee 

The vast, sparsely populated state of Alaska is often thought of as isolated, both geographically 
and culturally. However, many small museums have successful collections care and preventive 
conservation programs as well as fruitful relationships with conservators. This paper summarizes 
the economic and civic factors in the history of Alaskan Museums as well as the well-timed and 
consistent message delivered by a variety of professionals connected to the George Washington 
University/Smithsonian Training Program. The paper also addresses the importance of the 
ethnographic conservation approach in the success of collections care in Alaska. 

Assessing the Past: Colonial Williamsburg's Archaeological Collection 

Emily Williams 

The archaeological collection at the Colonial Williamsburg Foundation is one of the largest and 
oldest historical archaeology collections in North America. Excavation began in 1930 and 
attempts to preserve the recovered artifacts started very shortly thereafter. Over the last 70 years 
a range of treatment methods have been used with a variety of success. Many of the treatment 
methods used at Williamsburg have been published elsewhere and used on other collections. 

This paper describes the efforts of the conservation lab to prioritize the levels of care required by 
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the collection through a series surveys designed to look at both treatment method and actual 
artifact condition. It is hoped that the results of the survey will serve as a framework on which 
logical and effective decisions regarding the retreatment needs of the collection may be based. 
Additionally it is hoped that the survey work may serve as guide for collections with similarly 
treated artifacts, identifying trends that should be monitored within those collections. 

A Preliminary Investigation of Compounds Extracted When Soaking Low-Fire Ceramics 

Teresa Myers 

Low-fire ceramics undergoing or in danger of damage from salts are often submerged in water 
for several days to weeks as a method of treatment. Desalination is effective in removing most or 
all of the active salts present, thus preserving the ceramic body from future surface spalling or, 
more dramatically, possible rupture of the fabric from within. The question of what other water-
soluble materials are exiting during desalination is an unresolved question. The author recently 
addressed this issue when treating a Southwest US (Sankawi) archaeological vessel. 

FTIR analysis was conducted on residues obtained by soaking samples in water and then 
allowing the water to evaporate. Seventeen groups of four (68 total) samples—both 
archaeological and modern—from a range of low-temperature firing were analyzed in this way. 
Microchemical testing was employed to back up FTIR interpretations. Among the interesting 
results were peaks representing amines and nitrates. It is thought that these represent the 
presence of animal and plant matter respectively, deposited post-firing. Whether the source of 
these materials was introduced in-use, post-deposition or both is unknown. Another interesting 
material found were the silicates removed from the lowest-fired modern ceramic coupons, which, 
together with the loss of other extracted materials, suggests a cautious approach to the 
submersion of archaeological ceramics. 

Tips From the National Museum of the American Indian Collections Move 

Rachael Perkins Arenstein, Colleen Brady, Norine Carroll, Jen French, Emily Kaplan, Angela 
Yvarra McGrew, Ashley McGrew, Scott Merritt, Leslie Williamson 

Staff at the Smithsonian Institution's National Museum of the American Indian (NMAI) are 
constantly seeking to streamline techniques to allow for the safe and efficient movement of the 
more than 800,000 objects in the collection from the old storage and research facility in the 
Bronx, NY to the new Cultural Resources Center in Suitland, MD. This paper presents an 
overview of some of these techniques. Included are tips for inventive, functional, and aesthetic 
supports that can be efficiently mass-produced; quick, minimally interventive stabilization 
treatments; and packing and rehousing suggestions. These techniques can be accomplished with 
easily available materials commonly used in conservation laboratories. A list of suppliers is 
appended. 
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Conservators Anonymous: Post-its From the Edge 

Katherine A. Holbrow 

A series of quick tips collected from conservators at the Williamstown Art Conservation Center 
are presented along with a brief discussion of the advantages and drawbacks of the "tip" format. 
Tips include recommendations for digital image manipulation, casting with rigid vinyl 
polysiloxane compound and filling losses with Acryloid B72/alpha-cellulose putty. Finally, 
inpainting on high gloss translucent ceramics by combining Golden Acrylic colors, gels and 
media is discussed, with examples. 

Loss Compensation and Surface Integration 

Maureen Russell 

This paper will discuss and offer treatment tips for loss compensation and surface integration 
with a focus on infilling with either wax or epoxy. A range of treatments are covered, including 
objects made of wood, ceramic, metal, enamel, wax, and a composite artifact. In order to treat a 
3-dimensional object, a conservator must think below the surface to replicate not just the outer 
skin of a sculpture or object but to the material that constitutes the substrate below. There is a 
different approach for each individual work of art; not only the appearance and aesthetics must 
be considered, but also the structural stability, physical integrity and the original and cultural 
significance. Each medium represents a different challenge and there is no single method which 
can be used in all cases. Several different approaches to the topic are offered in this paper. 

Paintbrush and Airbrush: A Reconsideration of Filling and Inpainting Techniques for 
Ancient Ceramics 

Tony Sigel 

The author will discuss and critique the aesthetic qualities of several of his earlier treatments on 
archaeological ceramics. He will demonstrate several loss filling and inpainting techniques used 
for the treatment of Attic vessels, discuss the reasons for using them and the materials employed. 

Tips and Tricks with Epoxy and Other Casting and Molding Materials 

Stephen P. Koob 

This short presentation offers practical tips and procedures to the conservator in order to provide 
reproducible, error-free and time-saving results, using some of the most difficult materials in 
conservation: epoxy resins. 

Discussion and recommendations include: choice of resin, necessary tools and equipment, 
recommended conditions for use, mixing, warming or pre-heating, viscosity and application, 
additives, pigments and dyes, storage, shelf-life, effect of refractive index. Application 
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procedures are discussed for adhesive use, mold making, casting, curing, clean-up and finishing. 

Additional tips cover molding materials such as plaster of Paris, plasticine, dental wax and 
silicone rubber. Other useful materials are mentioned along with some suggestions for surface 
finishing and filling air bubbles. 

Using Dental Molding Compounds to Record Data in Zero-Visibility Underwater 
Environments 

Claire Peachey 

Conservators use a variety of molding materials in their work, and some of the most helpful are 
those borrowed from the field of dentistry. Working in an underwater or otherwise wet 
environment, dental molding compounds are particularly useful as they are designed to set under 
such conditions. This paper describes the use of a dental molding putty to gain information from 
40-foot long iron submarine buried in a zero-visibility marine environment. 

NMAI Good Tips: Application and Bulking of Cyclododecane, and Mass Production of 
Supports 

Rachael Perkins Arenstein, Norine Carroll, Jennifer French, Emily Kaplan, Angela Yvarra 
McGrew, Ashley McGrew, Leslie Williamson 

The Conservation Staff at the National Museum of the American Indian have compiled several 
recommendations for the application and bulking of Cyclododecane, and for the mass production 
of easy object supports. 

The section on cyclododecane lists tools that have been tested in the NMAI lab with guidelines 
for determining which tool may be suitable for either pinpoint control or for covering larger 
surface areas. Bulking the cyclododecane with Japanese tissue paper or cellulose pulp is 
recommended for filling large, gaping joins or spaces. 

The section on easy object supports shows and explains designs for economical beanbags, 
specialized trays with corresponding inserts, and rings for supporting round-bottomed ceramics. 
These archival supports are suitable for use when moving objects from location to location, or for 
permanent re-housing. 
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Research on Identifying Organic Pesticide Residues at the National Museum of the 
American Indian 

Jenifer Bosworth, Jessica Johnson and Rolf Hahne 

Pesticides have long been used by museums and collectors to protect objects from insect 
infestation. The use of chemicals and substances lethal to insects may have preserved the 
physical manifestation of many objects, but it has also served to place those who handle 
contaminated objects at risk. 

The National Museum of the American Indian (NMAI) has an inclusive program to repatriate 
sacred and ceremonial items, and objects of cultural patrimony, to their culturally identified 
lineal descendants throughout the Western Hemisphere. The museum strives to provide as much 
information as possible to repatriating tribal communities, and to museum staff in contact with 
NMAI collections, about pesticides that may be present on objects. 

In order to fulfill this responsibility NMAI has been conducting research to evaluate its pesticide 
use history, and to develop methods to test for the presence of pesticides. This paper identifies 
some of the pesticides found on objects, and describes the current testing program. 

A Basket Case: Repair of a Bamboo Basket Using False Warps of Japanese Tissue and 
Wire 

Candis Griggs-Hakim 

A Japanese bamboo basket with serious damage was repaired using warps of galvanized steel 
wire and mulberry tissue, assembled with wheat starch paste. Once dry, the strips were toned 
with watercolors and trimmed to mimic the actual bamboo warps. The false warps were then 
adhered to the basket interior with twists of Tengujo tissue dipped in wheat starch paste and 
toned with watercolors. The paper illustrates the stages of treatment. 

Cellophane in Collections 

Anne Leculier 

In 2003 the American Museum of Natural History presented Vietnam, Journeys of Body, Mind 
and Spirit, an exhibition illustrating Vietnamese culture in the early 21st century. Lanterns from 
this exhibition, made with cellophane stretched over a bamboo structure, showed unusual 
conservation problems. The cellophane on these objects split soon after arrival from Vietnam. 
This paper discusses the manufacture of cellophane, its properties, and the treatment of the 
lanterns. 
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S.S. White to the Rescue: Salvaging Fire-Damaged Baskets with the S.S. White/Pennwalt 
Airbrasive Unit 

Nancy Odegaard, Melissa J. Huber, Lara Kaplan, Teresa Moreno, Cheryl Podsiki 

Three fire-damaged Tohono O'odham baskets were brought to the conservation lab of the 
Arizona State Museum by a private individual who had purchased the baskets in the 1960's and 
70's. The exterior of the baskets were completely covered with a heavy layer of soot, which 
obscured their surface designs. Preliminary tests with conventional cleaning methods such as use 
of dry cleaning sponges or brush vacuuming proved to be either ineffective or impractical. The 
S.S. White Airbrasive Unit offered a relatively fast, easy way to remove the soot, restoring the 
appearance of the baskets to the point where their design and craftsmanship could once again be 
appreciated. The paper describes the treatment, including the choice of abrasive, and discusses 
the ethical issues involved in a treatment of this kind. 
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FROM AN IDEA OF CREATIVITY TO A PRODUCT OF RELIABILITY: UPDATE OF 
RESEARCH ON ELECTROCHEMICAL TESTING OF EXHIBIT AND STORAGE 
MATERIALS 

Judith J. Bischoff, Jason A. Bustamente, Chandra L. Reedy, Richard A. Corbett, and Marc S. 
Walton 

The idea for this project came unexpectedly. Corrosion scientist Rick Corbett of the Corrosion 
Testing Laboratories, Inc. in Newark, Delaware, helped one of Reedy's students on a research 
project. To return the favor, Reedy invited Corbett to lunch, during which he mentioned working 
with industry to test materials used near metal components to identify which materials may cause 
corrosion. He described a rapid, quantitative test to identify the rate of expected corrosion, 
performed in less than two hours. Reedy immediately became interested in seeing if his procedures 
could be applied to conservation problems. 

For example, a common conservation problem is that materials used near silver objects often 
cause tarnish. The typical method for testing materials in conservation is the Oddy test (Oddy 
1973; Oddy 1975; Green and Thickett 1995; Lee and Thickett 1996), popular because it is 
relatively simple to perform; however, it has known drawbacks (Green and Thickett 1993; Reedy 
et al. 1998). For example, there are many variations on how the test is performed, and these can 
affect results; the test is not always reproducible; and it takes 30 days to complete, not always 
realistic for exhibit designers who may need to make faster choices about their materials. 

Rick Corbett mentioned that in industry, tests similar to Oddy tests were once in fashion, but 
long-ago were found to be impractical and likely to be inaccurate (Shepard et al. 1985). 
Experiments in industry have shown such exposure tests to be unreliable unless more complex 
standardized procedures can be followed that include use of an adequate number of replicates (at 
least five) for test materials and for controls, use of ranking tests rather than simple comparisons 
of specimens to controls, grading by replicate judges rather than by a single individual, blind 
testing to avoid bias, and application of non-parametric statistical tests on the data (Crume 1985). 
In many situations it simply is not feasible to conduct 30-day tests. 

Instead, industry now relies on a variety of electrochemical testing methods (Siebert 1985; 
Silverman 1994). Since corrosion is a process involving electrochemical oxidation and reduction 
reactions between a metal and an electrolyte solution (which may be a very thin film of moisture 
on a metal surface in the case of atmospheric corrosion), electrochemical methods can be used to 
study and measure corroding systems. These methods have undergone rigorous testing for a 
variety of industry applications (Baboian 1976; Mansfield and Bertocci 1981; Baboian 1986; Tait 
1994). 

Typically the corrosive agents in a test material are extracted in boiling water. The extract 
solution is then placed in a test cell containing a coupon of the metal of interest (called the 
working, or test, electrode). Electrochemical reactions characteristic of a specific metal-solution 
interface occur at the surface of the metal, causing corrosion. These reactions create an 
electrochemical potential (amount of electrical force, or energy, in the system) called the 
corrosion potential (EC0IT), measured in volts. The test cell also includes a reference electrode 
(such as a calomel electrode), and an inert counter, or auxiliary, electrode (such as graphite or 
platinum, to pass current to and from the working electrode). The electrodes are connected to a 
computer containing potentiostatic boards that control the corrosion testing (Fig. 1). 
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Figure 1. A typical electrochemical testing system, including a test cell containing 
an electrolyte, working electrode, reference electrode, and auxiliary electrode; and 
a computer with potentiostatic boards installed. 

Econ. is compared to the potential of a known reference system (voltage difference between the 
working electrode and the stable reference electrode). However, at Econ. the flow of electrons at 
the anode (where the metal is oxidized, releasing electrons into the metal) and at the cathode 
(where a solution species is reduced, removing electrons from the metal) are equal, giving 
electronic neutrality. In order to measure the corrosion current and estimate a corrosion rate, a 
voltage applied externally by the potentiostat shifts the current in either the anodic or cathodic 
direction. When the potentiostat expends electrical energy to shift the metal from its natural 
corrosion potential, it stimulates either the oxidation or reduction reactions, upsetting the electron 
balance of Econ.; a process called "polarization." An electrode maintained at a potential other than 
Econ. by an external instrument is called "polarized." Under polarization conditions, an oxidation or 
reduction reaction predominates and a flow of electrons either to or from the metal gives rise to a 
current. When polarization is performed in a controlled and systematic manner, the resulting 
corrosion current, or Icorr, can be measured (in amps or microamps) and related to the corrosion 
rate. 

The measured corrosion current can be plotted as a function of the applied voltage. Using 
appropriate formulae, this measured current can be translated into an anticipated rate of 
corrosion, usually in mils of penetration per year (mpy). Initial experiments showed that this 
method seemed to work with our metals of interest and exhibition materials, giving high corrosion 
rates for materials expected to perform poorly and low rates for good materials. Then, after 
waiting a long time for initial grant funding to come through, a larger array of tests were 
performed. Several extraction methods (water, methanol, and 50/50 water/methanol) were tested. 
It was found that water seemed to extract the maximum amount of corrosive agents for most 
(although not all) materials. Several types of metal were also tested, as all have different ranges of 
corrosion rates. For example, the corrosion rates for lead ranged from 0.02 mpy for the most 
compatible materials (such as Medex particle board) up to 8.25 mpy for the most damaging 
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materials (such as liquid hide glue). In contrast, the rates for silver were much lower, ranging 
from 0.00 mpy for the most compatible materials (such as Marvelseal) up to 0.145 for the most 
damaging (such as cardboard). The rates for copper fell in between, with a low of 0.03 mpy for 
compatible materials (such as Marvelseal) up to 3.62 mpy for damaging ones (such as PVA 
adhesive) (Reedy et al. 1998). 

Although the results were promising, many questions remained unresolved before this method 
could be routinely applied in a conservation lab. The types of metals, materials to be tested, and 
amount of acceptable corrosion in industry are different from conservation needs, so industrial 
methods cannot be transferred directly. For example, in industry, penetration rates of less than 1 
mpy are generally considered outstanding, 20-50 mpy are considered fair, and 50-200 mpy are 
considered poor (Shaw 2003). In contrast, for materials of interest to conservators, unacceptable 
visible tarnish appears on silver at much lower than 1 mpy, and the worst material (liquid hide 
glue) on the most reactive metal (lead) produced only 8.25 mpy. 

Again the specter of funding loomed large. BischofFs lab was subsequently able to carry out a 
series of experiments to continue this work. In the summer of 2000, a modest amount of funding 
was secured to continue the development of this method with Jason Bustamente and Marc 
Walton. Although the earlier work had demonstrated that this method showed great promise as a 
replacement for the Oddy test, there were still many unanswered questions. 

The primary question of concern was: "Could any of the procedures be standardized?" The first 
project tackled was to standardize the extraction procedure. Fig. 2 shows Reedy and Corbett's 
method, which involved extracting the test material with boiling water in a beaker (American 
Society for Testing and Materials 1984). Although this is a good, low-technology method, there 
was concern that some of the volatile materials were being lost when boiling samples in an open 
beaker. It was felt that continuous aqueous extraction in a partially closed system might avoid this 
problem, as well as remove more of the "corrosive" materials. Fig. 3 illustrates the Soxhlet 
continuous extraction setup that might solve this problem. The amount of time needed for 
optimum extraction was determined, but evaluation of which procedure is actually more effective 
has not been completed. 

Figure 2. Simple boiling extraction procedure. 
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The second project tackled was standardization of the 
working electrode design and its care. Because the surface 
of the working electrode is easily fouled, it needs to be 
polished between each polarization resistance 
measurement. Also, because the electrode surface cannot be 
polished by hand consistently, it was thought that 
automatic polishing between runs would provide a 
consistently clean surface. 

The first electrode designed, labeled "old design" in Fig. 4, 
was a single assembly. This one-piece design made it 
difficult to reproducibly polish the electrode surface 
between runs. The second design is the one labeled "new 
design" in Fig. 4, a schematic of which is shown in Fig. 5. 
This new design allowed easy removal of the assembly 
containing the electrode surface for automatically polishing 
with a Buehler Minimet Polisher. The great advantage of 
the new design is that a standard cleaning and polishing 
regime can easily be performed on the removable assembly. 

Although the new design had some advantages over the old, 
the performance of the two electrodes needed to be 
compared. Polarization resistance measurements (20 in all) 
were made on aqueous potassium chloride solutions and 
statistical analysis was performed on the results. Fig. 6 
shows the average corrosion current (Icorr) and corrosion 
potential (Ecorr) for 20 measurements on each electrode, 
along with standard deviations for these measurements. 

Figure 3. Soxhlet continuous 
extraction procedure. 

Figure 4. Comparison of two electrode designs. 
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Figure 5. Details of new design for working electrode. 

As Fig. 6 illustrates, the results for the two electrodes are comparable. These results confirm that 
our second design was an improvement over the first because it is easier to consistently clean the 
electrode surface between runs. 

Old Design New Design 

Average Icorr (a/cm2) 2.102 x 10"6 2.451 x 10'6 

Standard Deviation 4.397 x 10"7 7.116 x 10"7 

Average Ecorr (mV) 0.071 0.082 

Standard Deviation 0.015 0.024 

Figure 6. Comparison of electrode performance. 

Reproducibility 

The second question of concern was: "Is this method reproducible?" The answer to this question 
is critical since, if the method is not reproducible, then it is of no more value than the Oddy test. 
The approach taken by Bischoff, Bustamente and Walton for examination of the data differed 
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from that used by Reedy and Corbett. Bischoff et al. plotted various results obtained from 
polarization resistance measurements to see if any of the data would cluster into groups of known 
acceptable and unacceptable materials. The best correlation was between the corrosion potential 
(Ecoit) and the corrosion current (ICOIT). Corrosion potential is the potential at which the 
electrochemical reactions at the positive and negative electrodes are equal, and the corrosion 
current is a measure of the propensity of a solution, for example, the aqueous extract of the 
storage or exhibit material, to cause corrosion of a metal object. When the corrosion current is 
plotted against the corrosion potential for extracts of oak and acrylic, as shown in Fig. 7, the data 
points for the oak (unacceptable material) clustered in one group and those of the acrylic 
(acceptable material) clustered in another. 

Figure 7. lcon versus ECOIT for oak and acrylic. 

Because the data appeared to show a high degree of scatter, it was thought that reproducibility 
might be improved by the addition of an electrolyte such as potassium chloride. Instead, the plot 
of IcolT versus ECPIT (Fig. 8) showed increased scatter of the data for the acrylic extract with added 
potassium chloride. It is possible that potassium chloride was a poor choice and so samples of 
acrylic with other electrolytes such as sodium nitrate must be run. 

Because electrochemical reactions are temperature dependent, polarization resistance 
measurements were run on extracts of oak under isothermal conditions (Fig. 9). Statistical 
analysis showed essentially no difference between measurements made under ambient (variable) or 
isothermal conditions. 
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Figure 8. ICOIT versus EC0IT for acrylic with aqueous KCL 

Figure 9. lcorr versus Econ. under isothermal conditions. 

Unfortunately, once again funding ran out for this project. At this point the electrode design has 
been improved, making it easier to clean between runs without sacrificing electrode performance. 
It has also been demonstrated that there has been no improvement in the reproducibility of the 
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measurements either with addition of an electrolyte or by taking the measurements under 
isothermal conditions. The evidence is still convincing that this method will prove to be a 
significant advantage over the Oddy test, but there is still much work to be done. 

The next phase of research will include the following steps: 

Continue to develop the experimental methodology, including consultations with 
electrochemists as needed. In order to test the reproducibility of polarization resistance tests, 
replicates will be analyzed and repeated measurements performed independent of extraction 
method. 

Continue also to develop the extraction procedures and compare the effectiveness of the two 
methods described earlier. 

Investigate the need to use different extraction protocols (for example, using methanol or a 
water/methanol procedure) for certain classes of materials. 

It is unclear to what extent materials extracted in water are the same materials that evolve 
during off-gassing. Plans include identification of both off-gassing and extracted materials to 
lay this question to rest. 

Now that a good design for a working electrode has been developed, a standard cleaning and 
polishing protocol will be developed. 

Because electrical noise may affect reproducibility of results, the use of a Faraday cage for 
shielding the test cell will be investigated. 

Five different cell designs will be tested to compare their ease of use, and also to see if some 
designs have any effect on reproducibility of results. Some test cells are rather expensive, 
others are quite affordable; and some cells require a more elaborate working electrode design 
while others use only a simple flat piece of metal. If various electrochemical cells are found to 
be comparable in reproducibility, then those that are relatively easy to use and inexpensive 
would be preferable for most conservation uses. 

The extent to which crevice corrosion may be developing along the edges of the working 
electrode, a known hazard that can seriously affect accuracy and reproducibility of 
measurements, must be tested, as well as various masking regimes to prevent crevice 
corrosion. 

Plans are to incorporate calibration of the reference electrode to a laboratory reference 
standard in between each test, to ensure that no changes are occurring that could affect 
reproducibility. 

Different corrosion measurement techniques (linear polarization, poteniodynamic 
polarization with corrosion rate determined by Tafel extrapolation and/or Tafel analysis) 
need to be compared to determine which is most satisfactory for conservation 
applications. 

Many samples of materials whose acceptability for use in storage or exhibit cases is 
already known still need to be tested, so that the ranges of results for acceptable and 
unacceptable materials can be defined. Only then can a database of known exhibit and 
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storage materials be created and new materials tested. 

Once a reliable method has been developed, a draft "users" manual needs to be created. 
Plans are to identify pilot test sites and then train staff at these sites. Feedback from the 
pilot test sites will then allow the method to be improved. 

None of this will happen without financial assistance. Multi-year funding must be obtained to 
upgrade outdated equipment and software, hire research assistants to help with the many 
experiments that must be conducted, and pay for consultant fees and/or contract analysis. Funding 
will also be needed for travel and training for staff at pilot test sites. Finally, the work of writing, 
editing, and publishing the manual will need to be funded. 

The final goal, of course, is to bring this method into general use by the conservation community. 
This will require long-term coordination, otherwise the method will remain as a dusty piece of 
equipment in the corner of the laboratory. So, the path from an idea of creativity to a method of 
reliability is a long one. This work has put Reedy and BischofFs labs on the path, but only funding 
and the combined efforts of Reedy and Bischoff will help to guide the way to a method accepted 
and used by our professional community. 
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CONNECTIVE TISSUES: ETHICAL GUIDELINES FOR BIOHISTORICAL 
RESEARCH 

Nancy Buenger 

1. Introduction 

Biomolecular technologies offer new frontiers for interdisciplinary research with historical human 
biological artifacts. Academic, commercial, and private investigators are seeking access to bone 
fragments, locks of hair, preserved organs, and bloodstained garments for biomolecular research, 
particularly DNA analysis (Fig. 1). 

Figure 1. Bloodstained sheet attributed to Abraham Lincoln's deathbed. 
Courtesy of the Chicago Historical Society (Accession number 1920.253). 

Biohistorical research proposals have raised significant social and methodological questions as 
well as the public profiles of would-be investigators. Does biomolecular analysis yield meaningful 
evidence for historians? What safeguards are necessary to protect living descendants as well as 
human remains and cultural biological artifacts? 

The rapid development of biotechnologies in the 1990s, particularly DNA analysis, was 
accompanied by a wave of highly publicized investigations of historical human biological tissues 
or traces, also known as biohistorical research. Biohistorical investigators have included a range 
of specialists in anthropology, forensics, genetics, and molecular biology as well as documentary 
film companies, commercial DNA marketers, private collectors, armchair historians, and 
individuals seeking information on their family or cultural heritage; academic historians have been 
notably absent in these endeavors. Custodians of cultural collections and historical sites entered 
the arena as researchers sought access to new sources of non-indigenous biological samples in the 
wake of the 1990 Native American Graves Protection and Repatriation Act (NAGPRA). 
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Biohistorical research proposals have generated historical, scientific, and social concerns, 
including the justification for the proposed research, appropriateness of the study design, 
destruction of fragile museum specimens, the relevance of informed consent, potential harm to 
living relatives, cultural respect for the dead, confidentiality of medical and genetic information, 
and the interpretation of study results. The ambiguous legal status of human remains contributes 
to these debates. Human subject protections are codified for federally funded research with the 
living but do not apply to the dead. State protections vary but have progressively allowed tissue 
retention and analysis as the research value of cadaver tissue increases (Nelkin and Andrews 
1998). Although NAGPRA strengthened federal protections for indigenous skeletal remains, 
forensic anthropologists have launched legal and research initiatives challenging the statute 
(Bonnichsen 1997; Jantz and Owsley 2001; Bonnichsen 2002). 

Custodians of cultural collections and sites face considerable difficulties when evaluating research 
requests involving their historical human biological holdings. Codes of ethics and practice are 
splintered between professional specialties and do not adequately address biological tissue 
analysis. Caretakers of cultural collections typically lack the specialist knowledge necessary for 
evaluating genetic research proposals. The politicization of research with the dead, funding 
offered by commercial companies and the lure of biotechnology publicity further complicate the 
decision-making process. 

The Chicago Historical Society (CHS) and the Institute for Science, Law, and Technology 
(ISLAT) at the Illinois Institute of Technology have initiated a multi-year project, with funding 
from the National Science Foundation, to develop ethical guidelines for biohistorical research. 
The project is an outgrowth of requests for access to historical human biological materials at CHS 
and ISLAT's mission to provide a forum for dialogue among academics, scientists, policy-makers, 
lawyers, professionals and students about critical issues at the intersection of law and technology. 
While primarily focusing on the implications of bioanalysis for historical as opposed to 
anthropological research, the CHS-ISLAT collaboration is encouraging an interdisciplinary and 
intercultural dialogue to consider common concerns. Genetic analysis is a central consideration 
because of its implications for living descendants as well as the preservation of cultural materials. 
An evaluation of historical, scientific, and social concerns raised by recent studies has generated 
preliminary suggestions for evaluating biohistorical research proposals. CHS and ISLAT are 
soliciting case studies as well as commentary on the project to promote a national dialogue on 
biohistorical research. 

2. Historical Concerns 

The Chicago Historical Society houses one of the largest historical collections in the United 
States. Biological holdings include the most comprehensive collection of artifacts associated with 
Abraham Lincoln's assassination, the remains of one of Chicago's earliest homicide victims, hair 
attributed to various historical figures, and cultural artifacts stained with body fluids. Requests for 
bioanalysis of CHS's Lincoln relics exemplify biohistorical quests that typically involve the 
authentication of historical remains and artifacts, the resolution of speculative medical history or 
paternity disputes, or the commercial potential of genetic analysis. 

Many of CHS's Lincoln assassination relics were originally purchased by Charles Gunther, a 
Chicago confectioner and politician, for his popular Libby Prison Civil War Museum in the 1890s. 
Typical of early American museum collectors, he gathered a hodgepodge of relics, both genuine 
and sham (Fig. 2). 
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Figure 2. Charles Gunther collected authenticated Lincoln artifacts as well 
as this "Skin of the Serpent who Tempted Eve in the Garden of Eden". 
Courtesy of the Chicago Historical Society (Accession number 1920.1714). 

A CHS museum administrator initially suggested genetic analysis of stains on a cloak allegedly 
worn by Mary Lincoln on the night of the assassination to determine its authenticity. The society 
hosted a 1999 conference of historians, scientists, and conservators who concluded that DNA 
research was inappropriate as currently available DNA extraction techniques would damage the 
artifact and there was no established Lincoln genetic profile for comparative analysis. CHS found 
itself at the center of massive international media coverage following the conference. "Keeping 
Facts Cloaked is Lousy Reasoning" screamed one headline while a support group for Marfan 
syndrome patients published an irate letter on the Internet: "I thought that a 'historical' society 
wanted to ferret out truth. Where is that line in the sand drawn - what we ignorant heathens are 
permitted to learn about historical figures and what is off limits to us? And who draws that line -
the Chicago Historical Society?" (Cortese 1999). 

CHS declined a number of biohistorical research proposals from outside investigators. The BBC 
Discovery cable broadcasting network offered to underwrite DNA analysis of the cloak associated 
with Mary Lincoln in exchange for information on whether Lincoln suffered from Marfan 
syndrome, a connective tissue disorder. StarGene Inc., the brainchild of Nobel Prize laureate and 
polymerase chain reaction (PCR) patent holder Kary Mullis, made a similar proposition in 
exchange for the right to replicate any genetic material found on the garment. StarGene embeds 
the "'genetic essence' of the stars" in GeneStones (TM), "a gem-like resin, that will encapsulate 
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and visually preserve" DNA, for a line of jewelry products and collectibles (StarGene 1996). 
Self-identified Lincoln relatives volunteered blood samples in exchange for confirmation of their 
patrimony; one gentleman even offered to exhume his grandmother to facilitate a genetic analysis. 
Other descendants supported the request of a retired college administrator with an education 
degree who hoped to conduct Y-chromosome analysis to investigate Lincoln's paternity (Hyatt 
2003). 

Biohistorical investigations sometimes appear to be more closely associated with political agendas 
than significant historical inquiries. Davidson has questioned the timing of a high-profile 1989 
request for genetic analysis of bone fragments linked to Abraham Lincoln's assassination at the 
National Museum of Health and Medicine. Investigators associated with the Human Genome 
Project hoped to determine if the president had a genetic predisposition to Marfan syndrome at a 
time when Congress was in the process of authorizing funds for the project. A panel of experts 
considering the investigation initially approved the request although they agreed that Lincoln's 
medical history was not a major historical question and that there was no substantive medical 
evidence that he had suffered from Marfan syndrome (Davidson 1996). Reilly has suggested that 
the Department of Defense ultimately squelched plans for the analysis because of public concern 
over its DNA bank for military personnel (Reilly 2000). 

The articulation of meaningful questions lies at the heart of all historical research. Substantive 
historical queries should reflect an extensive knowledge of related scholarship and a critical 
examination of multiple sources of evidence, including an assessment of their reliability. 
Bioinvestigators frequently assume the authenticity of museum specimens although historical 
artifacts rarely have the detailed provenance associated with more commercially valuable fine art 
works. The interpretation of historical figures or events from a single source of physical evidence 
smacks of biological determinism. More readily available textual and oral sources, which may be 
sufficient to answer the historical question, are often ignored. 

3. Scientific Concerns 

The significance of historical questions must be carefully weighed against the obligation to 
conserve cultural materials and the complexities of biological research, particularly destructive 
sampling for genetic analysis. Minimally invasive visual or microscopic examinations that could 
provide sufficient historical evidence are often ignored in favor of "cutting-edge" technologies. An 
interdisciplinary team should design protocols for biohistorical testing and consider whether the 
proposed analysis can accurately answer the historical question. 

Researchers should be familiar with the unique properties of aged biological samples and fragile 
cultural artifacts. Bioarchaeological methodologies for extracting and analyzing ancient human 
DNA (aDNA) are destructive and biological traces pose special challenges. Extraction and 
analysis of aDNA from stains on historically important textiles such as CHS's Lincoln 
assassination cloak have not yet been validated (Gaensslen 1999). Enough DNA must be 
extracted to permit multiple independent amplifications as well as external replication to 
confirmation the presence of aDNA; additional sample material should be reserved for future 
testing or to apply new techniques not available at the time of an initial study (Kaestle and 
Horsburgh 2002). The presence of blood on fragile cultural artifacts should be confirmed prior to 
destructive sampling; a suitable micro-scale Takayama test has not yet been developed for aged 
textile blood stains (Gaensslen 1999). 

Contamination from modern DNA remains a significant problem for aDNA analysis. Despite 
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general agreement on standard protocols to prevent and detect contamination, aDNA researchers 
regularly experience failure rates of over fifty percent due to contamination problems. The cloak 
associated with Mary Lincoln has been extensively handled by museum staff and even worn by a 
society member in the 1930s. (Fig. 3); each has left contaminating DNA deposits on presumed 
blood stains. 

Figure 3. Chicago Historical Society Member modeling the cloak attributed 
to Mary Lincoln. Photo c. 1930. Courtesy of the Chicago Historical Society 
(Accession number 1920.976). 

Standard procedures developed for decontamination of aDNA samples from bone, including 
surface removal with sandpaper, soaking in bleach, or UV irradiation, are often inappropriate for 
other materials. A biohistorical investigator who requested permission to conduct Y-chromosome 
analysis of CHS's Lincoln relics included a testing proposal from a private laboratory that 
provides modern DNA analytical services for genealogists. Laboratories performing aDNA 
analyses must be physically separated from modern DNA facilities and dedicated solely to aDNA 
extraction and analysis to avoid contamination (Kaestle and Horsburgh 2002). 
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4. Social Concerns 

The social implications of biohistorical research encompass cultural, ethical and legal 
considerations. The social concerns of living family members have not received adequate 
attention in recent bioanalytical studies of historical celebrities (Fig. 4). 

Figure 4. Although there are no living direct descendants of Abraham 
Lincoln, an analysis of his DNA could reveal the medical history of related 
family members and affect on-going paternity disputes. President Lincoln 
and family circle, published by John Smith, 1865. Courtesy of the Chicago 
Historical Society. 

Biohistorical investigations of Native Americans and African Americans have generated national 
debates concerning cultural affiliation and consent. The potential negative consequences of 
biohistorical knowledge production as well as the proprietary or commercial interests of 
investigators should be identified. 

Research with the living is subject to institutional and federal human subject regulations for 
informed consent and confidentiality, but amateur biohistorical investigators can circumvent 
these requirements. Genetic analysis of tissue from relatives can reveal information about the 
paternity, health status, and predispositions of family members (Nelkin and Andrews 1998). 
Retired pathologist Eugene Foster did not publish consent and confidentiality provisions in 
conjunction with his 1998 comparative Y-chromosomal study of the descendants of Thomas 
Jefferson and his slave Sally Hemings although he published his subjects' genetic sequences. The 
private lives of the Jefferson and Hemings families were disrupted by the intense media coverage 
generated by Foster's study, which improperly discredited some African-American descendants' 
long-standing belief that they were related to Thomas Jefferson (Foster et al. 1998; Davis 1999; 
Andrews and Nelkin 2001). Princeton Hospital pathologist Thomas Harvey has been criticized 
for failing to obtain consent for his studies of scientist Albert Einstein's brain, published in the 
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1990s. Harvey removed Einstein's brain during his 1955 autopsy, divided it, and distributed 
samples to several colleagues although Einstein had expressly rejected the use of his body for 
scientific research and his family assumed that his entire body had been cremated. Unauthorized 
use of body tissues can also violate religious beliefs. Orthodox Jews believe that the body must 
be buried whole; rabbis requested Einstein's brain for burial so that the scientist could rest in 
peace (Anderson and Harvey 1996; Nelkin and Andrews 1998; Witelson et al.1999). Other 
individuals may object to the patenting of body tissues or their use by for-profit enterprises such 
as StarGene or documentary filmmaking companies. 

Anthropologists have grappled with the problem of obtaining consent for research with the dead, 
which is exempt from regulations concerning the use of human subjects. Some form of proxy 
consent for the deceased is recommended, typically from culturally affiliated living descendants. 
However, identifying appropriate individuals or groups who can provide proxy consent is 
difficult at best. Most discussions of consent for research with the dead have concerned 
indigenous peoples; protections developed for these populations are difficult to apply to less 
cohesive communities, especially when they lack recognized political authorities (Kaestle and 
Horsburgh 2002). The results of genetic studies may have implications for group members even 
if they did not participate in the research. 

The debates surrounding biohistorical analysis of "Kennewick Man" and excavated remains from 
New York's African Burial Ground highlight the continuing potency of human remains as 
symbols of cultural integrity and colonial oppression. When Native Americans opposed the 
investigation of a skeleton excavated near Kennewick, Washington, forensic scientists argued 
that its measurements were inconsistent with previously documented local indigenous remains. 
In an ongoing legal dispute, Smithsonian Institution scientists have suggested that cranial 
dimensions should trump notions of cultural affiliation (Bonnichsen 2002). The excavation of 
New York City's colonial African Burial Ground became a microcosm of African American 
concerns regarding racism and economic exploitation. Members of the black community objected 
to white researchers' analysis of bones from the burial ground, anticipating interpretations that 
would reflect white social stereotypes, and eventually gained control of the project (Harrington 
1993). While Native American communities are generally opposed to scientific analysis of 
human remains on religious grounds, many African Americans have expressed considerable 
interest in biohistorical research to obtain additional information about their ancestry. The mixed 
genealogical heritage of many cultural communities, particularly those of colonial-era Native 
American and African American slaves, complicates notions of cultural consent and control of 
biohistorical investigations. 

5. Evaluating Biohistorical Research Proposals 

CHS-ISLAT investigators have drafted a preliminary set of questions to facilitate the evaluation 
of biohistorical research proposals; ethical guidelines will be published at a later date. The 
questions were developed following a review of published biohistorical studies and human 
subject regulations, consultation with a range of specialists, and analysis of codes of ethics and 
practice for a selected group of professional associations. 

5.1. Protocol Development 

• Who will assume primary responsibility for evaluating the proposed investigation? 
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• Has an appropriate interdisciplinary and/or intercultural team of consultants been assembled for 
planning and implementing the project as well as interpreting and disseminating project results? 

• Has adequate consideration been given to the historical, scientific, and social implications of the 
proposed investigation? 

• Have potential conflicts of interest been identified? 

• What federal, state, or local laws are applicable? 

• What provisions have been made for the responsible stewardship for cultural artifacts? 

5.2. Historical Analysis 

• Have the investigators critically engaged previous historical scholarship and existing evidence? 

• What are the investigators' motivations for the proposed research? 

• Can the historical question be answered with non-biological evidence? 

• Is the provenance of proposed biological samples reliable? 

• Does the significance of the historical question justify destructive sampling or analysis of cultural 
artifacts? 

5.3. Scientific Investigation 

• Can the proposed methodologies answer the historical question? 

• Have non-destructive methodologies been adequately considered? 

• Do the investigators have previous experience and a reasonable success rate with the proposed 
materials and methodologies? 

• Is the laboratory facility appropriate for the proposed investigation? 

• If genetic testing has been proposed: 

» Have preliminary tests confirming the nature of suspected biological traces been performed? 

» Does the condition of biological materials suggest that aDNA is more likely to be present than 
not? 

• Have the proposed sampling and testing techniques been validated on similar aged and fragile 
materials? 

• What are the likely sources of contamination and can they be controlled by standard protocols? 

• Is an authenticated DNA reference sample available for comparative analysis? 
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• Is the laboratory facility solely dedicated to aDNA analysis? 

5.4. Social Considerations 

• Who are the stakeholders in the proposed investigation and have the investigators demonstrated 
a commitment to initiating and maintaining a dialogue with them? 

• What are the potential negative consequences of biohistorical knowledge production for human 
subjects as well as their relatives and communities? 

• Are appropriate safeguards in place to protect human subjects as well as their relatives and 
communities? 

• Provisions for informed consent and confidentiality should consider: 

» Who will be asked to provide consent and why? 

» What provisions have been made for securing identifying information? 

» Who will have access to test results and control of acquired data? 

» How and where will samples be stored and for how long? 

» What provisions have been made for destruction of test materials? 

6. Conclusions 

Despite the problematic nature of biohistorical investigations completed to date, historians should 
not dismiss the potential of laboratory analysis to yield significant evidence. Historians and 
scientists have rarely undertaken collaborative research projects, which offer the potential for 
unusual analytical perspectives as well as new evidentiary sources. Comprehensive research 
methodologies as well as an interdisciplinary and intercultural dialogue on the implications of 
biohistorical investigations are sorely needed. Biohistorical researchers should consider revamping 
their methodologies by a century or two - basic techniques such as detailed visual and 
microscopic examination can yield a level of evidence that is far richer and more useful than 
genetic analysis. Historical biological tissues and traces should be preserved for the future 
development of less invasive and more accurate sampling and analytical techniques. 

CHS and ISLAT welcome case studies and comments as they develop ethical guidelines for 
biohistorical investigations; the author's contact information follows below. The guidelines will be 
distributed to professional and cultural associations for commentary to promote a national 
dialogue on the implications of biohistorical research. 
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NEW IDEAS FOR THE TESTING, DOCUMENTATION, AND STORAGE OF 
OBJECTS PREVIOUSLY TREATED WITH PESTICIDES 

Nancy Odegaard, Leslie Boyer, Melissa J. Huber, Lara Kaplan, Caroline Kunioka, Teresa 
Moreno, Cheryl Podsiki, Alyce Sadongei, David R. Smith, Werner Zimmt. 

Pesticide residues and chemicals from preservation efforts on museum collections have long been 
a silent health hazard for museum workers. In recent decades conservators have sought to 
improve the safety of objects and to protect the health of the people that work with them (Fig. 1). 

Figure l.Old artifacts made of materials known to be susceptible to insect attack 
that are in perfect condition may be considered suspect for having some form of 
pesticide treatment. 

Specifically, these efforts have included stopping the use of chemical pesticides in museums, the 
increased use of personal protective equipment, and the removal of treated objects from 
educational programs. Today, conservators, tribal communities and museum professionals are 
faced with a particularly urgent situation: sacred objects and objects of cultural patrimony eligible 
for return under the 1990 NAGPRA law may be contaminated with poisonous residues. This 
paper will illustrate how standards for testing, documentation, and possible removal of residues 
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residues are being developed to reduce the threat of physical harm these objects pose to people as 
a result of repatriation. 

By 1998, a concern for the health hazards of the objects being legally transferred from museums 
to tribes prompted the Arizona State Museum Conservation Lab at the University of Arizona to 
expand its research into pesticide residues. Various grant funds [1] have allowed a team to 
expand spot testing techniques, compile historic pesticide formulas and preparations, initiate the 
analysis of pigments (ancient and contemporary) from the Southwest, incorporate new uses of 
digital images into the documentation process, investigate new technologies, complete a 
collaborative study of repatriated objects, publish findings and present numerous seminars. 

The University of Arizona team included museum, tribal, medical and scientific specialists. 
Conservators offered an understanding of past museum pesticide practices, a familiarity with 
artifact materials and manufacturing technologies, strategies for selecting test techniques, and the 
establishment of handling procedures. Chemists adapted chemical reagents and analytical 
instrumentation for use with the museum objects, medical toxicologists interpreted the analytical 
results and evaluated the potentials for human toxicity, and Tribal representatives related relevant 
concerns and concepts of cultural use. Our team approach allowed the skills, experiences and 
knowledge of each specialist to address this problem. 

Inspired by the participants that attended a NAGPRA consultation workshop held in Tucson in 
March 2000, several research projects were initiated. Over ninety chemical pesticides and 
products have been reportedly used in museums (Fig. 2). 

Figure 2. Pesticides including herbicides, fungicides and various other substances 
have been used to prevent, destroy, repel or mitigate pests in order to preserve 
museum collections. 
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These were made in numerous formulations (concentrates, powders, baits, resin strips) and were 
applied by various methods (spraying, dusting, fogging, fumigating). (Odegaard and Sadongei 
2004) However, there is seldom adequate documentation available (reports, notes, tags) to 
determine the human health risk (Fig. 3). 

Figure 3. Occasionally, additional words or marks such as "poison", 
"arsenic" or a skull and crossbones may be found on labels and tags 

with an object. 

The lab is currently developing appropriate methodologies for the use of a portable X-ray 
fluorescence (XRF) spectrometer, and the transfer of this environmental technology to a museum 
application. Non-destructive XRF instruments have been used to study museum objects for metal 
content (Ferretti and Moioli 1998). Recent studies have indicated that many American Indian 
objects in museums were treated with pesticides including heavy metals such as arsenic, mercury, 
lead and zinc (Goldberg 1996; Nason 2001; Seifert et al. 2000; Hawks 2001). Sirois (2001) 
described the use of a portable XRD developed at the Canadian Conservation Institute to analyze 
a representative selection of natural history specimens and First Nations masks, and confirmed 
the incidence of arsenic and/or mercury in the study of artifacts analyzed to date at 23 percent. 

Recent research conducted by Boyer, Odegaard and Smith (2001) for the Hopi Tribe in Arizona 
utilized a Niton portable XRF unit and demonstrated the potential application of this 
commercially available technology to the assessment of pesticide residues on cultural objects. 
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We have found it to been very useful in non-destructive identification, both quantitative and 
qualitative, of heavy metals that may be present in pigments or pesticide residues that were 
applied to the surface of objects. Our current research with the Niton XRF [2] proposes to: 

• Determine efficiency and non-destructive nature of the instrument for use on museum 
collections, particularly painted objects of all kinds, and organic-based objects (with or 
without paint) with possible pesticide residues. 

• Develop appropriate protocols for the transfer of environmental technology to museum 
applications, and a correlation of the readings with human toxicity levels. 

• Discern potential relationships between known painted objects and their composition, 
sources of raw pigment material and the traditional artistic practices of the American 
Indians in the Southwest, including use of materials, trade and exchange. 

• Disseminate findings to colleagues representing diverse fields. 

A case study with Brazilian objects was conducted. A small group of featherwork items were 
selected for the XRF pesticide study. They were not subject to NAGPRA but did represent 
objects made of organic materials that if worn would touch the skin directly, and had parts that 
would move slightly above the eyes, nose, and mouth of the wearer during dance. 

In 1956 the Arizona State Museum received a donation of 103 ethnographic items collected by 
Lt. Col. Norwood J. Eggleling while he was stationed in Brazil as a military medical officer. The 
objects collected included numerous items reflecting the featherwork traditions of the Tupi 
people of the Brazilian coast at the time of European contact (Pro-Memoria National Foundation 
1980:40). Of the featherwork items only two tested positive for heavy metals (arsenic). 
According to an article in the Tucson Daily Citizen newspaper, some of the collection was 
displayed in 1955-6 and although there are no records, we suspect that these items may have been 
treated at that time. Although the donor could have treated these items, it seems likely that all 
would have been treated rather than just the two. 

A feather diadem (catalog # E-3132) had a very visible deposit of white powder between the 
feather layers (Fig. 4). The diadem is said to be worn by men during ceremonies as a visor across 
the forehead. Recto and verso digital photographs were taken of the object, and numbers from 
the XRF readings were indicated on the photos at the corresponding test locations (Figs. 5,6). 
A table indicates the concentration levels of arsenic (ppm) in one column and the confidence or 
error value in the other column for each of the test readings (Fig. 7). 
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Figure 4. In some cases powders, such as arsenic or DDT, were applied directly 
to artifacts and remain intact and visible on interior surfaces. 

Figure 5. (Verso) and Figure 6. (Recto). Digital photographs were taken of the 
study object, and the XRF reading numbers were indicated on the photos at the 
corresponding test locations. 

37 



Odegaard\ Boyer, et al. AIC Objects Specialty Group Postprints, Volume Ten, 2003 

Figure 7. An Excel table indicates the concentration levels of arsenic (ppm) in 
one column and the confidence or error value in the other column for each of 
the test readings. 

The toxicological assessment of the object was based on the amount of arsenic estimated to be on 
the object. This estimate of quantity was determined by multiplying the total area (1092 cm2) by 
the total of the XRF readings (1147/jig/ cm2). The estimate amount of arsenic on the diadem was 
1.2 grams. Leslie Boyer, MD, concluded that the object is dangerous and may pose a significant 
health risk through handling, storage and use. She estimates an acute oral dose of arsenic 
compounds to range from 1 mg to 10 g, with chronic effects occurring from exposure to as little 
as 3 to 4 mg a day. 

The second object is also a headpiece (# E-3124) that is worn like a visor in ceremonials but 
unlike the first example, this item did not have any visible white powder (Fig. 8). 

Figure 8. This visor did not have visible white powder but was suspected to be 
cross-contaminated through adjacent storage with the diadem. 
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It is suspected that it became contaminated through adjacent storage with the diadem. After 
testing with the XRF, the object was vacuumed with a soft blender brush and a dental vacuum 
(Fig. 9). XRF readings were then taken again (Fig. 10). 

Figure 9. After initial testing with XRF Figure 10. The visor is tested again using 
indicated the presence of arsenic, the the Niton XLi 723 handheld XRF 
visor was surface cleaned using a soft spectrum analyzer, 
blender brush and dental vacuum. 

Results indicated that the vacuum cleaning did not remove the arsenic (Fig. 11, 12). 

All of the flat featherwork items from this accession were rehoused in order to provide a 
protective barrier for curatorial handling, to isolate them from one another, and to provide greater 
visibility. The simple rehousing consisted of small sheet of Plexiglas cut to an appropriate size 
and polished on the edges, a zip-lock polyethylene bag cut and resealed to the size of the Plexiglas 
platform, and identification labels to alert those viewing or handling the objects to the arsenic 
contamination present (Fig. 13). 
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Figure 11. One area in which XRF readings were taken. The 
results are graphed in Fig. 12. 

Figure 12. The graphed results corresponding to the tested areas indicate 
that vacuum cleaning did not remove the arsenic. 
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Figure 13. All of the flat featherwork items from this accession were rehoused 
to provide a protective barrier for curatorial handling, to isolate them from one 
another, and to provide greater visibility. 

This method leaves the object visible on both sides, and provides a lightweight support with a 
barrier to prevent direct contact. The custom fit of the bag and slight charge of the Plexiglas hold 
the featherwork in place. 

Museum workers, tribal members, artisans, and visitors to collections have benefitted from the 
knowledge gained through our research efforts. Further research with XRF and FTIR 
technologies is presently underway to study potentially toxic pesticide contaminants as well as 
heavy metal pigments that may have been used to create objects. With the ultimate goal of 
removing poisonous pesticide contaminants from the surface of cultural objects so that they are 
not a human health risk, the challenge is three-fold: 1) how do we sample the surface of artifact 
objects without damaging them, 2) how do we assess the health risk of the contaminants, and 3) if 
present, can a method of removal be developed that remains compatible with the physical and 
cultural aspects of the objects. 
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Endnotes 

1. Funding for pesticide research has come from The Hopi tribe, the National Park Service 
NAGPRA Grant Program, the University of Arizona Vice President's Research Grant Program, 
the National Center for Preservation Training and Technology, the Samuel H. Kress Foundation, 
the University of Arizona Provost's Author Support Fund, the University of Arizona Faculty 
Small Grants Program, and the National Science Foundation IGERT Grant Program. 

2. Niton XLi 723 handheld XRF spectrum analyzer. Niton Corporation. 900 Middlesex Turnpike, 
Building 8, Billerica, MA 01821-3926. (800) 875-1578 (www.niton.com) 
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PRACTICAL ASPECTS OF CONSULTATION WITH COMMUNITIES 

Jessica S. Johnson, Susan Heald, Kelly McHugh, Elizabeth Brown and Marian Kaminitz 

Introduction 

The third and final building of the National Museum of the American Indian (NMAI) opens on the 
National Mall in 2004. This facility in Washington DC and its two sister facilities, the Cultural 
Resources Center in Suitland, Maryland and the George Gustav Heye Center in New York City, 
were mandated by The National Museum of the American Indian Act in 1989. The NMAI's 
intangible 'fourth museum' was conceived of as a connecting cord between the museum and 
native communities, through people, technology, and collaborative programming. This 'fourth 
museum' is the practical way the mission of NMAI is carried out. NMAI acknowledges Native 
cultures as the living, first person voice of the National Museum of the American Indian. This 
paper describes how NMAI's mission intersects with conservation in practice, during preparation 
for the Inaugural exhibits of the Mall museum. 

The three major inaugural exhibits, "Our Universes," "Our Peoples," and "Our Lives," illustrate 
the principle that Native communities are the authorities of their own philosophies, histories, and 
identities. These exhibitions are being prepared through partnerships with representatives from 
twenty-four native communities. In all stages from curatorial concept to design development to 
conservation, NMAI staff members are working directly with Native people to develop and 
prepare these exhibits, and are learning the history, usage, and proper care of the artifacts. The 
challenge in conservation (as throughout the museum) is to balance institutional practices with the 
concerns of Native communities [1]. 

Conservation consultations are required by the programming and mission mandate of the museum 
[2]. The Assistant Director of Cultural Resources, exhibition curators and the conservation staff 
all view developing this approach as a priority. From a budgetary standpoint, consultations were 
possible because of generous support from the Andrew W. Mellon Foundation. Though NMAI 
Conservation had collaborated with community groups in specific situations throughout the 
1990's, these first, systematic consultations have paved the way for an overall shift in the way 
exhibits are developed at NMAI, and in the way NMAI conservators do their work. The 
processes evolve with each consultation and the staff has found some early assumptions were off 
the mark. One of the greatest difficulties has been for each conservator to find their own comfort 
level with this approach, based on past experiences and personalities. 

The work of the NMAI Conservation Unit fits within the continuum of change going on 
throughout conservation and museums, and has been actively addressed at many AIC conferences 
(e.g. J AIC 1992) and in a number of publications (e.g. Smith 1993, Odegaard 1995, Clavir 2002). 
Very recently, a review in IIC Reviews in Conservation (Viñas 2002) discusses how conservation 
has shifted from an idea of Truth towards the notion that the function, use or value of an object is 
what is being preserved. Throughout the conservation profession there is a growing belief that the 
people affected by a conservation process (the 'stakeholders') should be part of the process used 
to make the decisions (Viñas 2002). NMAI is very specifically identifying our primary 
constituency (the Native peoples of the Western Hemisphere) as the stakeholders, and the 
communities who hold the knowledge and expertise to properly identify how objects should be 
cared for and conserved. How this idea is put into practice is the on-going challenge. 
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Conservation Consultations 

In developing the various community-curated exhibits, NMAI curators contacted an academic 
scholar who helped them identify people to contact in the community. Once a community agreed 
to participate, a small group from the community (called "selectors") worked with the curators to 
develop their section of the exhibit. For the conservation consultations, the lead NMAI curator 
contacted community selectors and asked them to recommend community members who would 
be appropriate for the conservation consultations. Often the conservation consultants are artisans 
- mask makers, beadworkers, or quillworkers - but sometimes they are elders, tribal leaders, or 
one of the selectors. 

The conservation consultation is an integral part of the bigger exhibit development process. 
Conservators work very closely with curators who are already in working partnerships with the 
communities. The conservation work is a natural extension and outgrowth of already established 
relationships. In most cases, the lead curator makes the initial phone or email contact to potential 
conservation consultants. If they agree, the conservation liaison for a particular exhibition works 
with consultants to make arrangements for travel and work out other logistics. Frequent phone 
calls or e-mails with the consultants while making these arrangements help to establish a 
relationship prior to meeting them in person. 

People arrive in Washington, D.C. with varying levels of travel experience. An effort is made to 
make them feel comfortable by meeting them at the airport, picking them up each morning to 
come to the CRC, and sharing meals. The NMAI consultation team (usually the curator and 3 
conservators) is kept small to facilitate the information sharing and record keeping, and to avoid 
imposing a tremendous institutional presence. 

Our Native colleagues and interns at NMAI have impressed upon us the importance of sharing 
meals as a way of showing respect and hospitality. Members of the conservation staff not 
participating directly in the consultation are invited to share lunch with the consultation team. On 
the last day of the consultation, a potluck is held in honor of the guests. 

Consultants often give a blessing before beginning work with the collection, and before meals. 
Consultants are also asked if they plan to perform a smudge, a ceremony that involves burning, so 
that fire alarms can be turned off. 

Awareness, Sensitivity and Communication 

A consultation is about communication. As with any human interaction there are layers of 
history, experience, and personality that go into a discussion filled with as much non-verbal 
communication as words. Most consultations last two to three days. Setting aside several days 
allows everyone to become more comfortable and improves understanding of the information. 
Many of the internal post-consultation lab discussions have centered on how the conservators 
understand all the layers of interaction and how personal interpretations affect the ability to 
communicate. 

In general, the personal perspective of the conservators is that our mission is to support and 
strengthen Native peoples. However, when viewed from the perspective of Native people we may 
appear very different. We are representatives of the Smithsonian Institution, which has a long and 
troubled history with Native peoples. We live and work in Washington, DC., center of the United 
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States Federal government. None of the conservators are Native (except for three preprogram 
interns who have worked with us during this process.) Most of the conservators are women. 
While these factors cannot be immediately changed, those differences can be identified and 
individuals can work to be aware that they can affect the interactions of the consultants with the 
lab. 

As conservation training focuses on materials and technology, the conservators relied heavily on 
the curators to provide guidance in how to structure the consultations. Our skills in these areas 
expanded as the process progressed. One of the things learned early in the process was that 
individuals must be aware of how they listen. NMAI participants have also learned to say very 
little in the beginning of the consultation in order to reinforce that the power to make decisions 
about their cultural material resides with the consultants. Like any professional interaction, people 
come with a variety of levels of experience and expertise, as well as with various personalities, 
which shape the way the consultation proceeds. Most importantly, individuals have learned to be 
flexible - so consultations have a loose structure and room for a lot of variability depending on the 
personalities involved. For example, Juan Antonio Panecura, a Mapuche consultant who is a 
teacher, wanted to structure things like a classroom, so the NMAI participants picked up their 
pencils and took notes; whereas a Kiowa consultant, Marcie Davilla, led an impromptu workshop 
on cleaning hide. 

It was also clear from many of the consultations that most of the time people view these objects in 
a familiar way. There is a level of comfort and ease, reinforcing for us that these items are not 
anonymous museum artifacts. A common link throughout all the consultations was one of 
creation - the consultants were mostly artists themselves and were very excited to see these 
objects and talk about the way they were made. Individuals shared their knowledge on topics such 
as weaving techniques or how to make rolled fringe. These consultations presented rare 
opportunities for NMAI conservators and curators to understand first hand various technological 
aspects of our collection. 

Throughout the consultations individuals worked to be conscious of how they phrased questions 
and the words that were used. We found that there are many ways to phrase a question when 
trying to elicit information about treatment. One can ask: How would you treat this? How do you 
care for this type of object? Should I clean this object? Should I fix this? There are also a lot of 
words that conservators use that are very specialized vocabulary, which have little meaning to 
non-conservators including: treat, consolidate, stabilize, and adhere. 

To put these ideas in a different perspective, what if you ask: Should I clean this object? Well, 
what if someone came up to you and said: Should I clean this house? You would say yes, 
wouldn't you - that would be great. But what if someone came up and said: Should I clean your 
grandmother's house, and it was just after she had passed on, and you hadn't yet had time to go in 
and take a look around and settle your memories, or go through her papers, or breathe that last 
fragrance of her perfume. Would you still say yes? What if they asked instead: Is it important for 
this house to be clean? You might have a very different answer. 

In general, we learned that yes-or-no questions were constricting and not useful. We try and 
phrase questions which enable people to give their opinion and reasons for their ideas, so we 
understand more clearly how to care for their objects. We have also come to realize that in many 
cases when we were asking how to treat an object, what we really want to know is: How does the 
community want this object to look? 
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The phrasing conservators used when asking questions sometimes resulted in answers that were 
difficult to carry out. For example, when asked what should be done with a large, cracked, though 
currently stable, wooden bowl, one of the Mapuche consultants recommended that it be covered 
with horse fat. It would be more effective to ask: Does it matter that this bowl is cracked? 

What is done when a consultant asks the conservators to do something that is outside of regular 
conservation methods and materials? For example, when they recommend a cleaning method or 
material that, from the perspective of a western-trained conservator, will cause damage in the long 
term. What if someone requests repair that no one in the lab feels they have the skills to carry out? 

First, through more conversation the conservators try to understand if the specific material used 
to do the cleaning or consolidating is important, or if it is the appearance or effect of the material. 
The conservators will then introduce materials used to achieve the same effect and see if that is 
acceptable to the consultants. In general, the conservators have gotten better at being able to have 
discussions and share information, but it all comes down to a personal level of comfort (and 
everyone has different points where they feel uncomfortable). The times where no one in the lab 
feels they have the skills to execute the level of restoration the consultants would like, the 
consultants have been asked to carry out the treatment, while conservators document what is 
done. 

For example, a Lakota consultant, Cecilia Fire Thunder, removed water-damaged fringe from a 
pipe bag, and replaced it with new semi-tanned hide fringe. Because this object was in a section of 
the exhibit talking about gift giving, the consultants felt the piece should look its best. It would 
never be given as a gift in its previous state. Very briefly, Cecilia cut off the fringe, and then a 
conservator stabilized the remaining rawhide tabs so they could stand the stress of new hide being 
threaded through the holes. The fringes were replaced by Cecilia and toned by a conservator, and 
then the hide was cleaned using a traditional method, white corn meal. The whole process was 
documented through standard conservation methods of photography and written reports. 

Documentation 

Each consultation is recorded on audio tape. After the consultants have departed, the information 
is compiled into notebooks of notes and images, along with background material such as maps, 
bibliographies and information about the exhibit concepts. As the entire conservation staff treat all 
the objects, not just those in the consultation, these notes are vital in ensuring that the treatments 
follow the consultants' wishes. The audiotapes are also reviewed to clarify gaps in the notes, and 
tape indexes are created. Individuals have found it useful to return to the original tapes as small 
nuances and subtleties can be lost in rapid note taking. The images taken during the consultation 
are also extremely useful both for treatment as well as display design and mountmaking as they 
often illustrate how a community uses or wears an object. 

Sometimes, after visitors leave and treatments are begun, more questions arise. In cases such as 
this the information provided about other objects is relied upon to gain a sense of the group's 
approach to repair. Discussions about the issues take place with the curator and conservators who 
participated in the consultation. If the appropriate treatment is still not clear the representative 
may be contacted for clarification. 

46 



Odegaard\ Boyer, et al. AIC Objects Specialty Group Postprints, Volume Ten, 2003 

Continuing Partnerships 

By maintaining partnerships with our consultants, the conservation staff hopes to insure that the 
communities maintain an active and guiding voice in the care of their objects in NMAI's 
collection, not just in the exhibit at hand but also in future ones. However, at the same time it is 
important to keep a balance between wanting to stay in contact and respecting the visitors' time 
and privacy. This is usually a matter of being sensitive and listening to people's reactions to e-
mails or phone calls with questions. 

Although this phase of the process has just begun a few ideas have been helpful. At the end of the 
consultation each consultant is given a small gift such as a NMAI T-shirt or book. Each 
consultant is given a packet of printed digital photos taken during the consultation. This small 
give-away shows our gratitude and respect for the willingness of the consultants to travel far from 
their homes and share their knowledge. It has also been useful to keep our consultants updated 
with the progress of their objects in the exhibit, such as sending an e-mail when all the objects 
have been treated, or when mount making has begun. Small gestures like holiday cards are also 
used to stay in touch over time. 

While the process of having the consultations may seem very time-intensive the lab has found that 
it often saves time during the treatment phase. Much less time is spent doing library research to 
identify objects and materials. In many cases, consultants have asked us not to perform treatment 
that we would routinely do otherwise, such as filling cracks, cleaning, or repairing tears. In a few 
cases, the consultants have requested that treatment not be done because we are not from the 
culture. 

It has been a great honor and a pleasure to work with the many people who have come to advise 
the NMAI during the preparation of the Mall exhibits. Everyone involved in this process has 
learned a great deal from the consultations. The approach of the NMAI Conservation Unit and of 
individual conservators is very different than three years ago when this process was begun. It is 
our hope that this is the first step in a process that will lead to a more active roll of the Native 
Communities in the conservation and preservation of their cultural material. The process will 
continue to evolve with new projects and new circumstances. The results of this work will be 
available for viewing in the new Mall museum, due to open on the Equinox, September 21, 2004. 
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Endnotes 

1. NMAI Consultants were asked to sign a waiver so that their image and information can be 
used for the development of the Inaugural Mall exhibits. However, it is the policy of the NMAI 
that this waiver does not cover the use of this information beyond that purpose. Therefore, no 
images of consultants will be used in this publication. 

2. NMAI Mission Statement. "The National Museum of the American Indian shall recognize and 
affirm to Native communities and the non-Native public the historical and contemporary culture 
and cultural achievements of the Natives of the Western Hemisphere by advancing - in 
consultation, collaboration, and cooperation with Natives - knowledge and understanding of 
Native cultures, including art, history, and language, and by recognizing the museum's special 
responsibility, through innovative public programming, research, and collections, to protect, 
support, and enhance the development, maintenance, and perpetuation of Native culture and 
community." 
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PREPARATION OF A FOSSIL DINOSAUR 

Amy Davidson 

Introduction 

This paper is about an unusually well preserved, important and fragile fossil dinosaur, but it is also 
about a way to think about fossil preparation in general. This approach has been developed in 
collaboration with the objects conservators of the Anthropology Department at the American 
Museum of Natural History over the last eight years. 

Fossil Preparation and Conservation 

There are many ways to think about a fossil. A dinosaur enthusiast might imagine how an animal 
looked and behaved while it was alive. Vertebrate paleontologists are looking for morphological 
data, or evidence of evolutionary relationships. For the preparator, the specimen is a composite 
of materials which must be separated in order to make the data visible. Conservators are able to 
see the sometimes drastic nature of the treatments and understand the compromise between 
extracting the maximum amount of information and preserving the specimen as long as possible. 

Both preparation and conservation are about controlling materials, and the bonds between the 
materials of which the artifact is made and materials used in preparation or treatment. Preparation 
of a fossil specimen is a process of breaking and creating bonds as elements are added and 
subtracted. An added material can permeate the entire system, form a thin surface layer, be a bed 
upon which the specimen rests or anything in between. CV Horie calls this "intimacy of contact" 
(Horie 1987) This paper shows how a collaborative relationship between a preparator and 
conservators enabled the author to manipulate bonding forces and intimacy of contact, and 
control the fragility of a particular specimen. 

Figure 1. Specimen 
in-situ (skull to left, 
pelvis and femur to 
right). 
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The Specimen 

The specimen (Fig. 1) was discovered in 1994 in the Gobi Desert of Mongolia, at a highly 
productive and now famous locality called Ukhaa Tolgod, by a joint expedition of the Mongolian 
Academy of Sciences and the American Museum of Natural History. 

It is the job of the preparator to reveal what is hidden under the surface, and the first thing to 
emerge when the specimen arrived in New York was a beautiful skull (Fig. 1). This provided 
enough evidence to identify the fossil as a new oviraptorid dinosaur. In July of 2001, a 
description of the skull was published in the Journal of Vertebrate Paleontology and the new 
animal was given the name Citipati osmolskae (Clark et al. 2001). 

Because this fossil is now the type specimen against which all other examples are to be compared, 
it is essential for every aspect of the morphology of every bone in the body to be photographed 
and described. This requires what is termed a complete preparation, in which the skeleton is 
disarticulated, and as much matrix as possible is removed, leaving the bone freestanding. 

However, the bones are extremely fragile and will have to withstand repeated handling during 
photography and research. In addition, the specimen must also withstand the stress of removing 
the matrix which enclosed the bone, and these forces can be much greater and more localized than 
normal handling, such as the enormous force produced by the end of a sharp needle. 

Unlike most fossils, the bones of this specimen are not infilled with other minerals. The mineral 
component of the bone has not changed much since the animal was buried, probably alive, in a 
wet dune-sand slide eighty million years ago (Loope et al. 1999). The organic component of the 
bone, however, primarily the bone collagen which gives tensile strength, has disappeared long 
ago. The bone mineral is a fragile network, surrounding a great deal of empty space, held 
together by relatively weak cohesive bonds that become even weaker when wet. 

This delicate structure survived because of the natural packing qualities of the matrix. Deep within 
the matrix the bone is closely packed in a mass of sand grains held together by the bonding force 
of gravity and a little calcite cement. Even though the matrix can be unbonded easily simply by 
rubbing with the finger, it allows no internal movement, preventing the bone from collapsing. 
Visible in-situ are the parts of the skeleton which are eroding, in a weathered zone which extends 
about six inches below the surface. In this layer the natural unpacking of the matrix allows enough 
movement for disintegration to occur. 

Field Jackets 

Many fossil specimens would be impossible to collect without the addition of support materials, 
which often means the use of field jackets (what a conservator would call 'block lifting'). As this 
process can have a serious impact on the future well-being of the specimen, it is important to 
consider the strength and protective effect of the materials used. Because of logistical constraints 
Citipati was divided into six sections (Fig. 2) for removal and transport. The field jackets were 
constructed using the same basic techniques that vertebrate paleontologists have employed for 
over one hundred years. Inside these jackets are blocks of matrix containing the skeleton. The 
process starts with a layer of adhesive resin used to stop movement on the weathered side of the 
block. The resin used is a polyvinyl butyral, Butvar B76, which has a relatively broad solubility 
and is one of the most commonly used resins in fossil preparation. Copious amounts are applied 
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in whatever solvent can be obtained locally. In the hot sun and constant wind of the Gobi Desert, 
the solvent quickly evaporates leaving a thick plastic coating on the surface. On top of the resin is 
a relatively thin layer of toilet paper and then a tough shell of plaster and burlap. 

Figure 2. Specimen collected in six field jackets. 

This traditional method of making a jacket, especially with a large and enthusiastic field crew, can 
unfortunately result in the plaster and burlap layer becoming so thick that the amount of force 
required to remove it presents a serious danger to the fragile, eroded bone under the surface. 
Ideally, jackets should be built up in thinner layers that could be peeled away without damaging to 
the specimen. 

The only layer of these jackets that has consistently performed well is the Butvar. The resin when 
set is weakly cohesive, pliable, easily redissolved and does not adhere strongly to the bone. It 
performs very well as a temporary coating because the bonding forces of the Butvar B76 are the 
appropriate strength relative to the forces holding the specimen together. 

Preparation of the Specimen 

When the jackets were opened, and the individual bones removed from the matrix, it became 
apparent that some parts of the skeleton were more fragile than others, depending primarily on the 
shape of the bone and the degree of weathering. The digits, for example, (Fig. 3) are compact 
and blocky in shape, and were located deep below the weathered surface, so they were easy to 
prepare with just a light coating of Butvar. 
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Figure 3. Manus in preparation. 

Figure 4. Thorax in preparation, weathered cervical 
vertebrae and cervical ribs exposed at top. 
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The vertebrae (Fig. 4) were more of a problem, especially where they extended into the weathered 
zone. They are tightly articulated and complex in shape, with long, flat processes winging out to 
the side. Preparation in this case may involve a lot of "creative breakage", reducing the vertebral 
column to smaller and smaller sections. To support the bone where it must not break, a variety of 
temporary supports are used (Figs. 5,6). 

Figure 5. A plaster bedding 
sandwich held in place with 
finger pressure. 

Figure 6. A wrap-around shell of foil and 
plaster bandage is peeled away as matrix is 
removed. 
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One possible support is a thick, temporary coating of Butvar, which in some cases is enough to 
withstand the stress of preparation and can then be easily removed (Fig. 7). This is one of the 
advantages of Butvar: it is a relatively weak and pliable adhesive which can peel away the last of 
the matrix, leaving a clean and undamaged bone surface. Later, a thin, long-term coating of 
Butvar is usually put on the clean surface. 

Butvar can also be mixed with loose matrix to form a paste. This is used to build up artificial 
buttresses as long term supports for vulnerable areas, such as the cervical ribs (Fig. 8). Using a 
combination of temporary coating and buttresses, each vertebral element was strong enough to 
withstand gentle handling. 

Figure 7. Caudal vertebra, with a thick 
coating of Butvar B76 being lifted off 
the surface of the bone. 

Figure 8. Completed cervical rib, with 
Butvar B76 and matrix used as a paste. 
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Figure 9 shows the tail after preparation. The process, however, involved a great deal of breaking 
and the technique could probably be improved. An ideal treatment would target the skeleton in 
situ to strengthen the bones without increasing the cohesion of the matrix. 

Figure 9. Completed tail. 

The skull, unlike the vertebrae, cannot be broken during preparation, as this may destroy 
important scientific information. The exterior of the skull was relatively easy to prepare halfway 
(Fig. 10) while it was still supported by the matrix filling the interior. However, farther 
preparation was not possible without bringing support material into very intimate contact with the 
interior of the bone - in other words, deep consolidation with a resin that would still allow the 
continued removal of matrix. At this point objects conservators were consulted about solvents, 
resins and application techniques. After discussion Butvar B76 was chosen as the resin, but 
applied in a vapor chamber, a bag filled with a solvent atmosphere, in this case ethanol and 
toluene vapors. The use of the chamber slows down the evaporation of the Butvar solution and 
allows the resin to set within the bone rather than migrating back up to the surface. 

This worked for the cranium (Fig. 11), which also has the advantage of a good shape for handling. 
The jaw (Fig. 12) however, being U-shaped, was bound to snap eventually and when it did the 
cross-section showed that the resin was not in completely intimate contact with the interior: a 
shallow consolidation graded into a coating. The jaw was rejoined with the addition of a Plexiglas 
rod for reinforcement, which worked well. 
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Figure 10. Skull before treatment. 

Figure 11. Completed cranium. Deep Figure 12. Completed lower jaws, 
consolidation allows disarticulation 
and removal of excess matrix. 
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The long thin bones of the skeleton are the most likely to break, especially if they are eroded. For 
example, the large, heavy tibia and fibula (Fig. 13) were almost completely free of matrix when 
they collapsed under their own weight. Again, the cross section (Fig. 14) was informative. These 
bones were in the weathered zone of the matrix and showed extensive cracking and delamination 
as well as roots growing into the interior of the bone. This situation requires a lot more than 
shallow consolidation and this continues to be a problem. Deeper consolidation of the more 
massive long bones of the skeleton with a solvent-based resin has not yet been accomplished. 
Some preliminary tests using silanes, however, have produced promising results. 

The ribs also have a problematic long and skinny shape, but because they are less massive they 
can be consolidated successfully by immersion in a resin solution, For the present Butvar B76 in 
ethanol is being used, but Butvar B98, which has a lower molecular weight and lower viscosity at 
the same concentration, is being considered as an alternative. 

To consolidate the ribs by immersion, a short term, temporary support is needed in order to 
remove each rib from the body and prevent damage while the bone is wet and weak. After the rib 
is dry, it must also be possible to remove the support using minimal force. 

Figure 13. Broken tibia and fibula. Figure 14. Cross-section detail. 
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The bones were protected with a layer of aluminum foil, and over this a mini-jacket of fiberglass 
(with Plexiglas rods added as necessary) was applied to the rib to serve as a temporary support 
(Fig. 15). The fiberglass had to be bonded with a resin which would not be affected by the 
ethanol in the Butvar solution but could be easily dissolved in another solvent - preferably acetone 
rather than a more toxic material. To the surprise of the author, the choice of the conservators 
was cellulose nitrate. This is the primary component of Duco cement, a material preparators avoid 
because it is known to age so badly. In this application, however, it never comes into direct 
contact with the specimen, and is removed before it has a chance to age. Cellulose nitrate is 
absolutely insoluble in ethanol, but very soluble in acetone, and was very successful. 

After the rib was removed and the jacket trimmed back (it has a consistency similar to fingernails 
and trims easily with scissors), the excess matrix was removed to provide access for the 
consolidation (Fig. 16). It was necessary to make absolutely certain that there would be no 
movement while the bone was wet, and the structure of the original matrix provided a good 
model. The specimen was re-buried in a new 'matrix' of glass marbles (of the type used by 
florists) instead of sand grains (Fig. 17). The Butvar solution was poured in and then siphoned off 
after 24 hours. Because the marbles have minimal contact with each other and the surface of the 
bone, they are easily separated afterwards. 

To date only one rib has been successfully treated in this manner (Fig. 18). The depth to which 
the resin penetrated is still uncertain, and further experimentation and testing is needed to ensure 
that the behavior of the materials is understood, but considerable progress has been made. 

Figure 15. Ribs after application of 
mini-jacket. 
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Figure 16. Treatment of rib: mini-jacket Figure 17. Rib immersed in 'matrix of 
trimmed. marbles 

Figure 18. Completed rib. 
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Conclusion 

Unfortunately, fossils cannot be suspended in space during treatment (Fig. 19). However, this 
productive collaboration with conservators has already contributed to an increased understanding 
of materials and the development of new techniques for the preparation of fossils. The author 
hopes that fossil preparators and objects conservators will continue to work together for the 
benefit of the science of Vertebrate Paleontology. 

Figure 12. An ideal setup for treatment. 
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Suppliers 

Butvar B76: Talas, 568 Broadway, New York, NY 10012, Tel: (212) 219-0770, Fax: (212)219-
0735, (www.talasonline.com). 

Duco cement: Hardware and office supply stores. 

Glass marbles: Local florist supply store. 

Plexiglas rod and fiberglass cloth: Local plastic supply store 

References 

Clark, J.M., Norell, M.A., and Barsbold, R. 2001. Two new oviraptorids (Theropoda: 
Oviraptorosauria), Upper Cretaceous Djadokta formation, Ukhaa Tolgod, Mongolia Journal of 
Vertebrate Paleontology 21(2):209-213. 

Horie, C.V. 1987. Materials for conservation: organic consolidants, adhesives and coatings. 
London: Butterworth-Heinemann. 

Loope, D.B., Mason, J.A., and Dingus, L. 1999. Lethal Sandslides from Eolian Dunes. Journal of 
Geology 107:707-713. 

Author's Address 

Division of Paleontology, American Museum of Natural History, Central Park West at 79th 
Street, New York, NY 10024, Tel: (212)769-5546, Fax: (212)769-5842, (davidson@amnh.org). 

61 



Arenstein, Brady, ei al AIC Objects Specialty Group Postprints, Volume Ten, 2003 

CONSERVATION BEFORE CONSERVATION AT THE SHELBURNE MUSEUM: THE 
DOLL COLLECTION 

Nancie Ravenel 

From 1998 to 2003, 237 dolls and their costumes from the collection of the Shelburne Museum 
were examined and repaired in preparation for a catalog and reinstallation of the exhibition. The 
500 dolls in the collection date from about 1740 to 1930. They run the gamut of types and 
materials, including painted wood, papier mâché, ceramics, glass, leather, cloth, rubber, metals, 
and the ill-defined material referred to as 'composition'. In contrast to the material of that name 
used to ornament picture frames, a putty made of resins, linseed oil, and whiting, the doll 
maker's 'composition' is lighter in weight, more fibrous, and browner in color. The material has 
not been subject to scientific analysis. 

Photodocumentation was to some extent a part of operating practice at the Museum well before 
professional conservators arrived on the scene in 1982. It was a regular part of the job for larger 
projects undertaken by Museum craftsmen. In the late 1940's and early 1950's the carpenters and 
the masons began disassembling and moving buildings acquired by founder Electra Havemeyer 
Webb to the grounds of the Shelburne Museum. Photodocumentation was undertaken while the 
buildings were taken downs to assist those who would be reassembling the structure at a later 
date. Work done on the paneling in the Museum's Stencil House, particularly the additions made 
to the panels, was documented, as was the movement of a large painted wood figure of Justice 
which was lifted through a second floor window of the Museum's Stagecoach Inn. 

A museum employee named Marta Mengis repaired many of the dolls at the Shelburne Museum 
in the 1960's. This paper will describe the techniques used by Mrs. Mengis. Some of these reflect 
the accepted practice of her day, but others presage current accepted practice in conservation. 

Marta Mengis was a Latvian refugee working as a seamstress and house cleaner in Burlington, 
Vermont. She found work at the Shelburne Museum in 1953 after her son Einars became the 
photographer at the Museum. Mrs. Mengis' husband Janis was a cabinetmaker and restorer, and 
he, too, was employed at the Museum. 

In the early days of the Shelburne Museum (1947-1956), researching and caring for the textiles 
and doll collections fell to Marthe Gianonni, formerly the governess to Mrs. Webb's children, 
and consistently referred to as Mademoiselle (or Mile.) In Museum records. With regard to the 
dolls, Mile, took her cues from Mary Whichelow, a dealer of antique dolls in Boston. As Mlle.'s 
health failed, responsibility for these collections fell to Marta Mengis. 

In 1957, Mrs. Mengis began keeping track of the work she undertook in the winter when the 
museum was closed for the season. She recorded what objects she worked on and wrote brief 
summaries of what she did. What we know about her work at the museum is in those notebooks, 
and it is this written documentation that sets her work apart from that of the rest of the staff. 

In 1962, Museum director Sterling Emerson sent Marta Mengis to choose which dolls would 
become part of Shelburne's collection from a larger collection in Ohio that had been offered to 
the Museum. When this addition of approximately 100 dolls came to Shelburne, researcher Alice 
Marvin was hired to write a catalog of the entire collection. As part of the catalog initiative, Mrs. 
Mengis and her son worked together to photograph each doll dressed and undressed on black and 
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white 4x5 format film. Photos were occasionally taken before repairs were made and when new 
costumes were made. 

Mrs. Mengis also wrote rudimentary, color-coded treatment reports with a description of the doll, 
an indication of condition and what work was undertaken, repeating information she included in 
her notebook. In the treatment reports, the dolls' descriptions are in black, condition notes are in 
red, and the extent of work undertaken is indicated in green. Sources of textiles used in the 
fabrication or repair of doll garments are indicated in her notebooks. At times indications of what 
she did are also found in notes on the artifacts themselves. On a china headed doll, for example, a 
medical tape label with "Bandaged 1962" in Mrs. Mengis's distinctive handwriting was found at 
the end of a 'mummy wrap' of gauze bandages designed to prevent sawdust leaking from tears in 
the knees of the doll. 

The more typical repair technique for this kind of damage on the body of a cloth doll was the 
application of a sewn patch or slipcover. A slipcover remains an option of last resort when the 
cloth is so deteriorated that it cannot be patched in any other way. The disadvantage of the 
slipcover is that the original fabric and stitching is hidden from view and inaccessible to scholars. 
During the recent conservation initiative, mummy-wrapped bodies were unwrapped and damages 
were assessed. If the fabric was strong enough, breaks were patched, usually using Reemay or 
Japanese paper backed with BEVA® film which was then set with heat using a hot spatula. 

The mummy wrap technique appears to have been specifically applied to dolls with cloth bodies. 
The repairs to leather bodies were more typically undertaken with leather skiver (tanned skin that 
has been pared down in thickness so that just the top grain remains) with a scalloped edge, 
adhered with what appears to be animal glue. While the materials used were compatible, the 
thickness of the skiver caused breaks along the edges of the patches. Removal of the patches was 
undertaken mechanically with a scalpel since the bond between the kidskin body and the leather 
repair remained quite strong. It was found that the Reemay and BEVA® film repair technique 
was as appropriate for kidskin bodies as for cloth bodies. The resulting repair is also transparent 
enough that the original colored paper and leather bands around the knees (common on papier 
mâché dolls with unjointed kidskin 'milliner's' bodies) could be seen through the repairs. 

To consolidate cracking varnished and painted papier mâché, Mrs. Mengis applied what appears 
to be a white emulsion adhesive over the crack and the surrounding surfaces. Although the 
appearance was satisfactory in 1963, by 1998 the adhesive had turned grey. Fortunately, it could 
be removed with alternating applications of deionized water and xylene to alternately swell and 
dissolve the adhesive. 

Although complete repainting was commonly undertaken in doll repair, Mrs. Mengis inpainted 
papier mâché and wood heads when necessary, usually using a water-soluble medium. Her 
inpainting could generally be removed using saliva on a cotton swab. In contrast to dolls with 
heads made of organic materials which were mended by Mrs. Mengis at the Museum, broken 
ceramic-headed dolls were sent to doll hospitals for repair. While records indicate that some of 
the dolls in the collection had been to doll hospitals prior to their acquisition, Mrs. Mengis 
indicated in her notebooks that she packed a number of dolls from the Shelburne collection to be 
sent to an unspecified doll hospital in New York City. There, breaks in china heads were re-glued, 
often backed with plaster and occasionally stapled. Edges of misaligned breaks were found to 
have been ground into plane. Large areas of the heads and their shoulder-plates were overpainted 
with a medium that could be removed only with difficulty, usually reduced initially with a scalpel 
and then removed with acetone on cotton swabs. 
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Garments offered other challenges for Mrs. Mengis, challenges that she tended to solve by 
redressing the doll. In her time, the practice of redressing was quite common among collectors. 
Mrs. Mengis was an accomplished seamstress and made dresses that were usually fancier than the 
garments the dolls were dressed in when they entered the collection. Her doll dresses were made 
primarily from old clothing that had been given to the museum. While she provides excellent 
information about where the old fabrics came from, there is no information as to why the dolls 
were redressed. Occasionally, the garments that the doll was wearing when it entered the 
collection could be found in storage or under the garment Mrs. Mengis had applied to the doll. 
These "original" garments usually exhibited losses to the fabric either due to iron mordants in dyes 
or light damage. Using a combination of adhesive and stitching techniques, a number of the earlier 
garments were recently repaired and restored to the dolls. 

The adhesive option typically involved Stabiltex polyester organdy or Crepeline silk organdy 
infused with a mixture of Lascaux 310 HV and 498HV acrylic emulsion adhesives (2 parts 360 
HV to 1 part 498HV in 30 parts deionized water). This was heat set to areas of damage using a 
tacking iron through a piece of polyester film with a silicone coating. This combination of support 
fabric and adhesives was found to be lightweight and flexible enough for many of the silk and 
cotton fabrics used. In the case of cotton gauze garments, where adhesive could not be used, 
losses were backed with a lightweight cotton gauze fabric that was stitched to the garment using 
very thin silk thread. The bond between the adhesive-infused organdy and the garment was often 
reinforced by stitching with either Stabiltex fiber or very thin silk thread. Curatorial input was 
invaluable in determining which of Mrs. Mengis's garments should remain on the dolls and which 
dolls would be shown without clothing or in their undergarments if their "original" garments 
could not be found. If the curator determined that Mrs. Mengis's garments should not be used, 
they were documented and placed in storage. If the garments were too damaged to be repaired 
with either stitching or adhesive treatments, the garment was removed from the doll, documented 
and placed in storage. 

The photography undertaken in the 1960's and Mrs. Mengis's notebooks have been vital to 
establish the history of each doll. Her work was conservative in many senses, being in most cases 
documented and reversible. 

The revitalized permanent doll exhibition will open to the public in the Variety Unit of the 
Shelburne Museum in June, 2004. A catalog written by Curator Jean Burk will be available for the 
opening. This catalog will be the first publication about the dolls at Shelburne, as the catalogue 
started by Alice Marvin in the 1960's was never completed. Following the lead of Mrs. Webb, the 
installation will be akin to open storage, with all of the best dolls displayed. Lighting and mounts 
have been designed to minimize damage to the fragile materials. 

Damage to the dolls since 1965 appears to be primarily due to light from fluorescent fixtures 
within the cases. The Variety Unit structure was constructed about 1835. Gallery ceilings are too 
low to accommodate lighting external to the cases. A light emitting diode (LED) lighting system 
produced by Prolume has been found to produce negligible heat and acceptable color temperature 
and light levels and will be used within the cases. Xenon lamp and fiber-optic systems were 
considered as well. However, the color temperature of the Prolume LED system is superior to 
that of the xenon lamps, and they generate less heat. Fiber-optic systems proved to be 
unacceptable due to both to the cost and the high heat levels produced by the light source that 
would have to be hidden in the walls of the building. 

A secondary cause of damage has been the metal stands used to keep the dolls erect. These stands 
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consist of a harp and a base (Fig. 1). The harp is a steel rod bent so that the center curves 
downward so that it can be inserted into the base, and the ends cradle each side of the doll's torso 
or upper waist. Damage was caused when the fit around the doll's body was too tight, creating a 
groove in the doll's body, or when the weight of the doll caused the harp to slide further down the 
fitting, putting undue stress on the knees of the doll. Sometimes the uncoated metal rusted against 
the garments. Although alternatives were actively sought, these traditional harp-style stands were 
found to be the most adjustable and adaptable. A stand was customized for each doll so that it 
held the doll appropriately. Stops made of Coroplast® corrugated board (polypropylene and 
polyethylene copolymer) or acid-free corrugated paperboard were inserted into the bases so that 
the harps could not slide downward. The arms of the harp were padded with a sueded 
polyethylene fabric, which provides a slight cushion and protects the doll and its garments from 
the metal surfaces. It is hoped that these measures will ensure that the dolls will not need 
extensive intervention 50 years from now. 

Figure 1. Traditional harp-style doll stands. The stand on the right has a stop added 
to keep the harp at the proper height, and sueded polyethylene padding on the arms. 
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THE INFLUENCE OF EARLY ETHNOGRAPHIC CONSERVATION IN ALASKA 

Scott Carrlee and Ellen Carrlee 

The state of Alaska spans a terrain as wide as the continental U.S. and occupies one-fifth the 
total landmass of the lower 48 states, yet contains a population only slightly larger than the 
District of Columbia. Almost 60% of these people live in the three largest cities: Anchorage, 
Fairbanks, and Juneau. The struggles of a small population in a vast land have always colored the 
history of the state. Isolation has always been an important factor in the geographic and cultural 
development of Alaska. A visitor behind the scenes in many small, remote Alaskan museums 
may be surprised, however, to find unusually good collections care, awareness and respect for 
preventive conservation, a long history of contact with conservators, and a sophisticated attitude 
toward the role of the museum in the community. Certain key events contributed to these 
successes. 

Civic consciousness paired with financial boom times influenced museum development in 
Alaska in the second half of the 20th century. When statehood came to Alaska on October 18, 
1959, there were only six museums in Alaska. In 1967, the Purchase Centennial celebrated the 
bargain once called "Seward's Folly". Alaska was purchased from Russia in 1867 for $7.2 
million, the equivalent of $84 million today. A federal block grant to the State of Alaska 
Purchase Centennial Commission was distributed throughout the state for community projects. 
Many communities identified a need for local museums, and the number of Alaskan museums 
doubled during the events surrounding the centennial celebration. In 1968, oil was discovered on 
the North Slope. Construction began on the oil pipeline in 1974, and by 1975 the economy of the 
state had doubled. The first oil was pumped in 1977. The Alaskan Canadian Highway (often 
called the Alcan Highway), built during WWII by the Army Corps of Engineers in response to 
Japanese attacks on American soil, underwent upgrades and improvements in the 1970s to 
support pipeline construction. Improvements led to a boom in adventure tourism as well as 
opening up the interior to further settlement. Alaska's population grew by a third during that 
decade. The 1976 United States Bicentennial celebrations raised national consciousness about 
history and the importance of preserving artifacts. Many museums nationwide began to 
implement preservation policies and hire conservators. Cruise ship tourism in Alaska was 
steadily on the rise in the 1980s, but exploded in the 1990s as a result of the Gulf War and 
American fears of traveling abroad. By the end of the decade, tourism in the state increased by 
threefold. 

Today there are more than 60 museums and cultural centers in Alaska. Even with the advent of 
"industrial tourism" the typical small Alaskan museum struggles to keep its doors open. 
Admission tickets pay for only a fraction of the operating expenses, and the meager staff are 
often unpaid volunteers. Professional training is rare. The exhibits of these small museums can 
be hard to distinguish from the curio shops on every town's Dock Street, hawking pseudo-
Alaskan antiques and featuring bear skins and moose antlers on the walls. Old-fashioned 
museum cases are over-filled with artifacts and memorabilia, often with a yellowed label typed 
on an index card. 

Behind the scenes, however, collections care, with an emphasis on preventative conservation, is 
surprisingly up-to-date. Shelves are lined with closed-cell polyethylene foam, windows and lights 
have UV-filters, gloves are worn, and objects tend to be securely housed. The staff generally 
understands conservation and has specific ideas about what a conservator can do for them. 
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Indeed, 15 museums in Alaska (nearly 25%) have had Conservation Assessment Program 
surveys to date. In 1990, during her time as conservator at the Alaska State Museum, Helen Alten 
conducted a conservation survey of the state. She noted that over half the museums which 
responded had been visited by a conservator. Over 80% stored their collections in acid free 
materials and nearly 90% regularly sought conservation and preservation advice from the Alaska 
State Museum. Today, there appears to be a unified conservation philosophy among the small 
museums of Alaska. It is based on good fundamental collections care, preventive conservation 
and contact with professional conservators for advice and treatment when necessary. This is 
remarkable, considering a grand total of only four museum conservators ever held permanent 
positions in Alaska before the year 2000. What is the origin of this preventive conservation 
legacy? Why did it stick so well in these small museums? 

The first big wave of conservation appears to have hit Alaska in the year 1975. Bethune Gibson, 
head of the Smithsonian's Anthropology Conservation Lab, was invited to the Sheldon Jackson 
Museum in Sitka to perform what seems to be the first general conservation survey done in the 
state. Her report outlined the basic conservation condition of the collection, illuminated the 
environmental factors that were creating problems, and made recommendations for 
improvements. It appears likely that her report, and the connection with Smithsonian's 
Anthropology Conservation Lab, led to the grant obtained by the Sheldon Museum to hire Toby 
Raphael as an ethnographic conservator for three months in the summer of 1975. Raphael was 
studying at the George Washington University ethnographic and archaeological training program 
headed by Carolyn Rose, and internships at the Anthropology Conservation Lab were part of the 
program. 

Conservation treatments were carried out in a makeshift lab in the staff lounge of the Sheldon 
Jackson college library. In his report at the end of the summer, Raphael noted that a large 
percentage of his time was devoted to the Eskimo mask collection since it was considered one of 
the most valuable in the museum. 

During the same period of time, one Alaskan was becoming increasingly interested in preserving 
collections. Mary Pat Wyatt was the Curator of Collections at the Anchorage Museum of History 
and Art. She was also working on a master's thesis, "Problems in Conservation of Alaskan 
Ethnographic Material," when she met Smithsonian conservator James Silberman. Silberman 
was traveling with the "Far North" exhibition, a large exhibit covering 2,000 years of Eskimo, 
Indian and Aleut culture that had been organized by the Smithsonian Institution. He encouraged 
Wyatt to pursue and internship in conservation at the Smithsonian. She contacted Bethune 
Gibson and organized an internship year at the Anthropology Conservation Lab starting in 
August of 1975. This internship at the Smithsonian formed the backbone of her conservation 
education. Wyatt returned to Alaska in 1976 to take a nine-month conservation position at the 
Alaska State Museum funded by the National Endowment for the Arts. This was the first 
conservation position at any Alaskan museum, and remains the only conservation position in any 
institution in Alaska, despite the fact that both the University of Alaska Museum at Fairbanks 
and the Anchorage Museum of History and Art have considerably larger collections. 

Wyatt converted a darkroom in the basement of the Alaska State Museum in Juneau into a 
conservation laboratory and even managed to find a fume hood that is still in operation today. 
Her primary concern, however, was outreach. She visited 15 museums and cultural agencies 
around the state where she gave presentations and workshops on general collections care. The 
following year the conservation position continued to be funded with another grant from the 
National Endowment for the Arts as well as a National Museum Act grant. The focus of the lab 
continued to be statewide outreach. Museums and cultural agencies around the state were invited 
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to send objects to Juneau for conservation treatment. Three regional workshops were held in 
Juneau, Fairbanks and Homer with a total of 68 participants. Topics covered included grant 
writing, exhibits development, collections care and preservation. 

In 1977, John Turney of the Valdez Heritage Center met Matilda Wells of the National Museum 
Act, who put him in touch with Caroline Keck of the Cooperstown Graduate Program in 
Conservation. Arrangements for student interns to work in Alaska were discussed, but did not 
materialize. 

In the summer of 1978, four graduate students from the George Washington University/ 
Smithsonian Conservation program came to Alaska to do conservation work. The National 
Museum Act provided the funding and Mary Pat Wyatt coordinated the work. The four 
conservators were Alice Hoveman, Melba Myers, Susan Paterson, and Thurid Clark. They 
worked in teams of two at four museums for one month each. The four museums were the 
University of Alaska at Fairbanks, the Baranov Museum on Kodiak Island, the Sheldon Museum 
in Haines, and again the Sheldon Jackson Museum in Sitka. In addition to treating the objects 
most in need of conservation at each museum, the teams also wrote reports providing 
recommendations for general conservation care of the collections. The communities were 
impressed with the Smithsonian conservators and there was local press coverage of the projects. 
One of the students, Alice Hoveman, returned to Alaska after graduation to volunteer her time at 
the Sheldon Jackson Museum in Sitka. The following year, Hoveman would take the position of 
State Conservator at the Alaska State Museum following the departure of Mary Pat Wyatt. Wyatt 
returned several years later to become the curator at the Juneau-Douglas City Museum, a position 
she held for almost twenty years. 

The State Conservator position was financed through grants until 1980, when a permanent full-
time position was funded by the Legislature. The nascent Conservation Services Program also 
had political implications. Juneau was constantly striving to prove itself of service to the rest of 
the state in order to fend off attempts to move the capital closer to Anchorage. Statewide 
outreach became a major mission of the Alaska State Museum. Alice Hoveman presented a talk 
at the 1981 American Institute of Conservation meeting in Philadelphia about the Alaska State 
Museum's Conservation Services Program. According to Hoveman, 

There existed a serious lack of understanding concerning preventive care for 
collections; i.e., inadequately controlled environments, limited security, and 
improper handling, storage and exhibit techniques. These conservation problems 
are complicated by the physical isolation and remoteness of Alaskan museums 
and the limited financial resources many Alaskan museum personnel are faced with 
(Hoveman 1981). 

The approach included on-site assessments, environmental monitoring kits and conservation 
literature available on loan, assistance for emergencies and disasters, and individual treatments 
for objects stable enough to be shipped to Juneau. Hoveman also initiated the Conservation Wise 
Guide, a booklet about collections care for Alaskan materials which included appendices listing 
conservation suppliers and conservation related organizations. This booklet, funded by a grant 
from the Institute of Museum Services, has been distributed free of charge to Alaskan museums 
and cultural centers since 1985. It is now in its revised second printing funded by the Institute for 
Museum and Library Services and is available on the internet. Alice stayed in the position until 
February 1987, when Helen Alten took the position. 

In advertising jargon, people speak of certain campaigns having "legs," meaning that they 
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achieve a longevity that goes beyond the initial appearance of the message in the media. The 
conservation message that was carried by the core group of early ethnographic conservators in 
Alaska had "legs". The message seems to have gotten through and stuck with many of the 
smaller museums that had early conservation contact. The message was carried on even with 
numerous staff changes. We may never know why this is so, but a few ideas can be postulated. 

First, all of the early conservation participants during the formative years were trained at the 
same place, the George Washington University program led by Carolyn Rose and/or the 
Anthropology Conservation Lab at the Smithsonian. Second, the message was simple and 
effective. It emphasized preventing damage and the fundamentals of good collections care, not 
the treatment of artifacts. The concepts presented were meant to be understood by staff without 
specific conservation training. Indeed, it may be that the museum workers lacking professional 
training were more receptive to this message. Some of the larger, better-funded institutions in the 
state have not made conservation a priority, even today. Third, the plans and recommendations 
could be carried out in the absence of continual conservator input. The conservators came, but no 
one knew when they might return. 

Ethnographic conservation at its core is neither an art nor a science but rather a philosophy. It is a 
philosophy firmly rooted in preventive conservation, and distinct from traditional fine arts 
conservation that is rooted in individual treatments. The ethnographic conservators who studied 
at the George Washington/Smithsonian program were trained to care for large and diverse 
collections, to do the most good for the most artifacts with the resources available, and to look at 
the big picture before considering individual treatments. 
According to the National Needs Assessment Survey conducted by the IMS in 1992, 75% of U.S. 
museums a budget under $250,000 and are defined as small museums. Most of these museums, 
like those in Alaska, do not have a conservator on staff. Yet these museums house the majority of 
our cultural heritage. Individual conservation treatments save individual pieces, often the 
spectacular and priceless ones. But for the bulk of our historical material, it is the unspectacular 
realm of preventive conservation that will carry our treasures, great and small, into the future. 

Richard Beauchamp spoke at a museum workshop in Juneau in 1976. In his talk he quoted 
Canadian conservator Phil Ward, and the words have great strength today as well: "Only the 
material specimens of humans and natural history are indisputable; they are the raw materials of 
history, the undeniable facts; the truth about our past. Conservation is the means by which we 
preserve them". 
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ASSESSING THE PAST: COLONIAL WILLIAMSBURG ARCHAEOLOGICAL 
COLLECTION 

Emily Williams 

1. Introduction 

In 1927 the Reverend W. A. R. Goodwin persuaded John D. Rockefeller Jr. to finance his dream 
to restore Williamsburg, Virginia's eighteenth century capital, and to preserve it as a place where 
Americans could come to learn about their history. From the start archaeological excavation was 
undertaken in order to ensure that the buildings were restored accurately and authentically. 
Initially these excavations were focused on locating foundations and architectural features. 
However, it was rapidly realized that these archaeological endeavors produced vast quantities of 
materials which if stabilized, cleaned and studied could provide a wealth of information about the 
ways in which 17th and 18th century Virginians adorned themselves and their living spaces and 
thought about their world. The establishment of a conservation lab quickly followed this 
realization. Chemistry students from the nearby College of William and Mary were hired to 
develop treatments and adapt existing treatments for the needs of the excavated artifacts. Their 
methods were written up and circulated to a number of other museums and sites on the East 
Coast that were faced with similar problems (Thomas 1956). In the late 50's an English 
archaeologist, Ivor Noel Hume, was hired. He brought with him new treatment techniques. Again, 
these procedures were widely disseminated through publications (Dunton 1964; Noel Hume 
1969) and lectures, and many of these methods are still used by historical archaeologists. 

Colonial Williamsburg's seventy-five year commitment to archaeology and conservation has 
resulted in a very active field program, and a collection that is currently estimated at between 40 
and 60 million artifacts. It is further estimated that the collection grows by up to half a million 
artifacts a year. The collection includes diverse materials such as ferrous alloys, copper alloys, 
lead artifacts, worked stone, ceramic, and glass as well as wood, leather, textiles, bone and 
archaeobiological materials. 

The collection is housed in two separate areas: the study collection and boxed storage. The study 
collection consists of a portion of the total artifacts from each site, and is housed in drawer 
storage. These materials are chosen, according to feature and artifact type, based on the following 
criteria: 1) rarity, from the perspective of the collection as a whole, 2) ability to help date a site or 
feature, and most importantly, 3) ability to represent the predominant function of a specific site. 
The organic elements within the study collection are housed in a separate room where the 
humidity is theoretically controlled (to 50% Rh) and where light levels are kept low to help 
preserve the material. Artifacts in the study collection are generally treated prior to storage. The 
remainder of the collection is housed in a warehouse near the archaeological department. There 
are approximately 5000 boxes of material in storage currently. Material in these boxes may or 
may not have been treated previous to storage. Overall, the materials in the collection have been 
treated by a variety of methods and many of these methods, as well as the gradual deterioration of 
the storage facilities over the past 50 years of use, have implications for the stability of the 
archaeological pieces. 

In 1998 the Archaeological Conservation lab began a project aimed at better understanding the 
environmental conditions within the storage areas and the condition of the collections. Elements 
of this study included facilities assessments of both of the buildings used to store the Foundation's 
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archaeological collections and a search of the Foundation archives for any information on post 
conservation treatments and conservation programs. One of the keystones of the project was a 
systematic survey of the archaeological study collection based on material type and treatment 
method. The impetus for the survey was the need to better allocate available time between 
retreatment needs and the demands of freshly excavated material. 

Additional aims of the project were: 

• To corroborate anecdotal information regarding the efficacy of specific treatments 

• To provide a framework for logical and efficient decisions regarding the treatment needs of the 
collection. 

• To streamline and focus limited conservation resources and to avoid continually reinventing the 
wheel each time an artifact came into the lab for retreatment. 

• To produce a quick, accurate and easily reproducible set of results which could readily be 
compared with similar initiatives at other institutions. 

2. Survey Methodology 

Borrowing from work done at the Museum of London (Suenson-Taylor & Sully 1996; Sully & 
Suenson-Taylor 1996), a Criterion Anchored Rating System or CARS survey was used to carry 
out the collection survey. This system establishes individual criteria for each material (e.g. 
cohesion, physical integrity and friability in the case of leather) and then allocates points per 
criteria based on percent damage. The criteria are designed to help assess the condition of the 
object from the macrostructure down to the microstructure. In the case of leather this means 
quantifying both the tears, losses and cracks and the cohesion of the piece on a fiber level. The 
advantages of this type of survey are that each criterion is rated according to a fixed, well-defined 
scale that allows for easier comparison than other more subjective methods and also for easily 
reproducible results. An additional benefit lies in speed. Although the individual criteria take time 
and thought to establish initially in order to provide meaningful results, once they are established 
it is possible to move quite quickly through the artifacts. 

Criteria for each component were established following a literature review and interviews with the 
curators to collect anecdotal information about the condition of the collection and to identify their 
concerns. For example, in the case of leather there were concerns about appearance, in particular 
the presence of disfiguring yellow surface deposits, so a category that looked specifically at 
"surface interactions" was added. In the case of iron there were concerns about the condition of 
artifacts treated with pigmented black microcrystalline wax as opposed to those treated with plain 
microcrystalline wax. Again this was taken into consideration both when collecting the data and 
when analyzing it. Each of the individual survey components was carried out blind. Treatment 
methods were matched to artifacts only after data collection was completed so as not to create a 
bias based on the surveyor's assumption of how a treatment should perform. The results to date, 
particularly those of the leather, wood and iron surveys reported below, have been both 
fascinating and alarming, and promise to be of use not only to Colonial Williamsburg but also to 
other institutions with similarly treated materials. 
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3. Results 

3.1 Leather 

Aside from the previously stated goals, a further aim of the leather survey was to reevaluate the 
success of castor oil as a treatment method for leather. Two papers delivered at a conference in 
1995 on the conservation of leatherwork challenged the use of polyethylene glycol (PEG, also 
known as Carbowax) followed by freeze-drying and suggested a return to the use of castor oil for 
treating waterlogged archaeological leather (Swann 1995; Goubitz 1995). Since a large portion of 
the leather in Colonial Williamsburg's collection was treated with castor oil in the 1950s and 
1960s, there was particular interest in comparing past performance with present assertions. 

The entire collection of leather objects was surveyed, a total of 197 items. Of the artifacts 
surveyed 132 were treated using castor oil. The remainder had been treated by a variety of 
methods. A small portion of these had also been treated in the 1930's but no treatment records 
could be located. In addition, 55 items from two other collections, the Maine State Museum and 
the Maryland Archaeological Conservation Lab at Jefferson Patterson Park Museum, were 
surveyed. This material provided a comparison, both in terms of chronology and treatment, with 
the Colonial Williamsburg collection. The Maine State Museum material consisted of shoe parts 
from the Defense, a revolutionary war privateer. They were treated with polyethylene glycol and 
freeze-drying between 1976 and 1980. The material from Jefferson Patterson Park represented 
two sites, Bierly Tannery, treated in 1988 using castor oil, and Stewart Shipyard, treated in 1993 
using polyethylene glycol and freeze drying. Criteria noted in the survey were physical integrity, 
cohesion, friability and surface interactions. Additional fields recorded flexibility and any further 
comments relating to appearance or odor. 

The results of the survey have been reported elsewhere (Williams & Harnett 1998; Williams et al. 
1999) so they will be summarized briefly here. Castor oil fared poorly as a treatment method for 
waterlogged leather with an overall failure rate of 40.1%. In general each of the three criteria 
performed fairly similarly and it was rare for one criterion alone to cause a piece to fail. Thinner 
leather such as shoe uppers performed significantly better than thicker leather such as shoe soles 
or heels, suggesting that the castor oil does not penetrate well. The results are more interesting 
when the performance over time of castor oil is compared with that of polyethylene glycol and 
freeze-drying. The material treated with polyethylene glycol performed well with less than 4% 
failure rate overall (12% for surface interactions). Material treated with polyethylene glycol five 
years ago had a zero incidence of failure. Material treated eighteen years ago had a 6% failure 
rate. By comparison material treated with castor oil ten years ago had a 7% failure rate, material 
treated thirty years ago had a 33.33% failure rate and material treated forty years ago had a 54% 
failure rate. The results seem to indicate a definite link between the condition of castor oil treated 
material and the time elapsed since treatment. This link is not as evident for the material treated 
with polyethylene glycol and freeze-drying. 

3.2 Wood 

The bulk of the wood fragments in the collection were recovered from anaerobic, waterlogged 
contexts and treated shortly after excavation. A total of 225 artifacts were surveyed (three 
artifacts were not included due to problems of access). Of the total surveyed, 138 (61.3%) were 
treated with various mixtures of polyethylene glycol, 40 objects were treated with alum, and 47 
artifacts were either untreated or the treatment records could not be located. Alum was used to 
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treat waterlogged wood in Denmark as early as 1859 (Brinch Madsen et al 2001). Although initial 
results were promising it is no longer commonly used in the treatment of waterlogged wood since 
it does not penetrate wood as well as polyethylene glycol. As a result the surface of the wood may 
be treated while the interior of the wood remains untreated and vulnerable to collapse. 
Additionally, when alum treated wood is stored in areas where the humidity fluctuates the alum 
can recrystallize, causing a volumetric change which can force the wood apart (Grattan & Clarke, 
1987: 168). Criteria noted in the survey were physical integrity, cohesion, and surface 
interactions, an additional yes/no field was kept to record warping, and the thickness of the piece 
was recorded along with any special comments. 

Only 10 artifacts, or 4.4% of the collection, were in unsatisfactory condition overall. This was 
significantly lower than expected, as there were a number of outstanding retreatment requests for 
wooden artifacts. However, it is important to consider not just the overall results but also the 
results within the individual criteria. These show individual areas of concern which may be 
important but may be counterbalanced by a high score in another area. Failures in areas such as 
physical integrity or cohesion are indications of a failure in the structure of the artifact as a whole. 
The alum treated wood tended to score highly in the surface interactions category having an 
attractive, if somewhat light, appearance with few residues from treatment. However, it also had 
fairly high failure rates in the physical integrity and cohesion categories (32.5% and 22.5% 
respectively). In some extreme cases the objects were crumbling to the touch and in a very fragile 
condition. Interestingly, while these objects would have been instantly flagged for treatment in a 
decorative arts or social history context, archaeological curators are often so used to seeing 
artifacts in multiple fragments that they do not always question whether or not the artifact should 
be in that condition. Material treated with polyethylene glycol was considerably more successful in 
these categories (physical integrity and cohesion) but was less successful in terms of appearance. 
PEG treated material tended to have a waxy appearance and feel, be overly darkened and have 
excess powdery white PEG on the surface. This is due in large part to the high concentrations of 
PEG used by early conservators, as well as the manner of application, and it is less likely to be a 
factor with modern PEG treatments [1]. However, since curators most often note appearance as a 
reason for re-treatment it was an important phenomenon to note. 

3.3 Iron 

Due to the large number of iron artifacts in the study collection a different approach was taken to 
this material. Rather than attempt to survey the entire population, seven large sites were selected, 
ranging in excavation date from 1958-1985 (Charette 1998). These provided a cross section of 
treatment methods over time. The primary questions asked were: 

• What percentage of the material is unstable? 

• Which treatments were used for objects from each site and in what proportion? 

• What is the percentage of unstable material for each treatment method? 

• What is the percentage of unstable material per site? 

It was felt that the answers to these questions could be used to extrapolate the answers for the 
entire collection with a high degree of accuracy. 
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The results of the survey indicated that approximately 27% of the total collection of iron artifacts 
is actively corroding. This figure includes all active artifacts, giving equal weight to both artifacts 
that have one small pin-prick of active corrosion on the surface and those that are heavily spalling 
or where the majority of the surface is actively corroding. While this number is high it is not as 
high as was expected based on anecdotal information. It provides a useful statistic for planning 
purposes, however, and when the information is broken down by treatment type the results are 
more interesting. Five treatment methods were commonly used in Williamsburg between 1958 and 
1985. These methods are: 

• Electrolysis followed by a coating of microcrystalline wax (either plain or pigmented). 

• Electrolysis followed by a lacquer coating, typically sprayed on as a coating of Krylon™ (a 
proprietary preparation of an acrylic resin in an aerosol cannister) or painted on as a 25% 
solution of Acryloid B-72 in 50:50 toluene:acetone. 

• Manual cleaning without desalination, usually followed by a wax coating. 

• Boiling, manual cleaning and a wax coating. 

• Washing, manual cleaning and a wax coating. 

Although electrolysis still has its place in the panoply of treatments for iron artifacts from a marine 
context, many archaeological conservators working with terrestrial artifacts have recently begun 
to move away from electrolytic stripping (Cronyn, 1990:175 & 191). The primary reason for this 
lies in the fact that electrolysis has the potential to remove large amounts of information from the 
surface of an iron artifact. This information may be present in the form of pseudomorphs and/or 
casts of associated organic material, as well as tinning, silvering, enamels or even paint on the 
surface of the object. All of these may be lost through the injudicious use of electrolysis. 
Additionally, conservators have come to realize that the original surface of the artifact is usually 
preserved somewhere in the corrosion layers and that electrolysis will cause this to be lost, 
thereby affecting the accuracy of future studies. 

Colonial Williamsburg has followed this trend over the past fifteen years. Viewed from this 
perspective it is interesting that the iron that was treated electrolytically is significantly more 
stable than iron treated by any other method. The reason for this can be attributed to its greater 
efficiency at removing chlorides. While not advocating a return to the wholesale use of 
electrolysis the survey recommended that its use for larger artifacts, such as hoes or cannon balls, 
be reviewed and that for such pieces, once they have been thoroughly x-rayed and examined in 
order to assess condition prior to treatment, electrolysis may not be amiss (Charette 1998). In 
terms of desalination one other fact was of additional interest: of the two other chloride removal 
methods simple washing or passive diffusion appears to be more successful than boiling. This 
seems contraiy to popular wisdom that the heating of the iron helps to reduce chloride ions. 
Whether this is because shorter boiling times were used than washing times is currently being 
investigated. The report concluded that passive diffusion should remain the desalination method 
of choice for small artifacts, those in poor condition or where the potential loss of information 
that may result from electrolysis is deemed unacceptable. 

The survey also provided information on the relative merits of coating systems. Iron treated with 
a lacquer coating was four times more stable than iron coated with microcrystalline wax, even 
when desalination methods and other treatment factors were taken into account. One reason for 
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this may be the thickness and consequent weight of the wax coating, which leads to cracking 
allowing the iron to be exposed to the atmosphere. Even a small break in the coating may 
accelerate corrosion by concentrating oxygen and moisture at the point of the break, creating a 
concentration cell. This results in pitting, which in turn stimulates the concentration cell to farther 
activity (Schweitzer 1989). The main reason that wax performs poorly as a coating in comparison 
to lacquer is that "wax is not an efficient water vapor barrier for corrosion protection" (Horie 
1987:88). Therefore over time moisture will penetrate this coating leading to renewed corrosion. 
Although slightly glossier than wax coatings, acrylic resins such as Acryloid B-72 and Acryloid B-
44 have the advantage of being significantly easier to remove than wax should the piece require 
remedial treatment. 

Additional information on the effects of pigments in wax coatings was also gained. 
Microcrystalline wax pigmented with lamp black was used heavily at Colonial Williamsburg from 
the 50's to the early 80's on the theory that active corrosion would more noticeably contrast with 
the surface, and the object would therefore receive treatment faster. It continues to be used in 
many regional archaeology labs today. The results of the survey indicated that the lampblack 
appeared to make the wax denser so that the corrosion progressed much farther beneath the 
surface before eventually pushing all the wax off. When past treatment records were consulted, it 
was found that actively corroding artifacts that had been coated initially with plain wax were 
uniformly identified and retreated much earlier, and retained more of their original surface, than 
those coated with the pigmented wax. 

4. Observations 

4.1 Duration of the Survey 

Embarking on this project, it was believed that working primarily in the four month period 
between field projects the survey could be completed within two years. This assessment was 
bolstered by a fairly small initial survey that took less time than anticipated. However, it quickly 
proved to be somewhat naive. The process of establishing solid criteria for the collection proved 
to be more time consuming than expected. There was also "surveyor burnout" (a malady which 
makes the surveyor beg to monitor pest traps rather than survey another object). Field seasons 
were extended and other projects received priority. Most importantly, however, the project 
produced such a wealth of information, not only about the condition of the objects and the 
success of their past treatments but also about Colonial Williamsburg's own internal processes, 
that analyzing the data took longer than expected. The numerical values assigned to condition 
scores also allowed the conservation staff to continue to use the information to answer questions 
that had not originally been postulated. 

4.2 Documentation 

Although refreshingly well documented when compared to other collections, it was found that the 
treatment records at Colonial Williamsburg were not always an accurate account of what had 
really happened to an object. For example, FTIR analysis of residues from leather shoes 
documented as having been treated with castor oil turned out to also contain polyethylene glycol 
(PEG), indicating that early conservators may have experimented with a mixed PEG/castor oil 
treatment program before finally adopting PEG treatments outright. Also, changes in the 
accession number system employed in the archaeological collection made it difficult to match 
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some of the older treatment records to objects. The survey team was fortunate in having access to 
drawings, photodocumentation and a curator with a 3 5-year knowledge of the collection and its 
history, all of which were very helpful in matching objects with records. However, the extra time 
involved highlighted a weakness that we believe exists not only in the system of documentation 
used at Colonial Williamsburg, but most likely exists in other institutions as well. Conservation 
records, particularly those produced prior to the age of databases, are often maintained separately 
from object records and may become separated from the objects when changes occur in 
accessioning patterns, or when records are moved from one location to another. The older 
records consisted primarily of the details of the treatment and in some cases a line or two about 
the condition of the object prior to treatment; they seldom included any of the technological or 
analytical information that is valuable to archaeologists. As a result, the curatorial staff had been 
unwilling to expend the resources necessary to make sure that they reflected changes to the 
cataloging system or even to list them as associated documentation within the catalog system. The 
format of the treatment records has been altered to highlight the technical information valued by 
the archaeologists. Conservators are working more closely with the archaeologists on a site by 
site basis to identify specific information that should be recorded for both current and future 
excavations. Conservators are also working with the curators and volunteers to ensure that all the 
old conservation records reflect changes in accession information and identification. 

Access to a curator who had 35 years of experience with the collection and a good memory was 
important for the survey. However, the reliance on human memory pointed out problems in the 
way decisions are documented, problems that must be resolved before he retires and valuable 
information is lost. Additionally, there were some startling lacunae in the curator's memory. For 
example, when it came to surveying the copper alloy artifacts in the collection, he believed that 
we might encounter "one or two" untreated artifacts in the study collection, primarily "straight 
pins and other common artifacts". In fact, nearly half the copper alloy artifacts in the study 
collection, including some very important pieces, were untreated. On discovering the large 
number of untreated artifacts in the collection, the curator placed a very high value on having 
them treated, citing the aesthetic and intellectual value of the patina and the desire to improve on 
the "pickled" appearance of the past. Although potentially creating huge amounts of work for the 
lab, the conservators saw this as welcome evidence of the change in approach to treatments that 
has occurred during his tenure. 

4.3 Collaboration 

Structurally, the archaeological conservation lab and the archaeological curators are located in 
different departments within different divisions. The inclusion of the curatorial staff in the design 
of the survey components was extremely beneficial. Not only did it allow conversations about 
collections care that might otherwise have been somewhat forced to occur naturally, but it also 
gave the curators a sense of ownership over the survey results. This sense of involvement not only 
made it easier to begin implementing the necessary changes in the way both treatments and 
decisions are documented. It also meant that the curators were willing to invest some of their 
financial and human resources into the remediation efforts, a very important factor considering the 
economic climate and the size of the collection. 

5. Conclusion 

As each independent component of the survey was completed its results were compared both with 
standard lab treatments and with the other components of the survey. As a result we have 
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tweaked treatments and are reassessing the long-term priorities of the conservation lab. 
Remediation of past treatments has been divided into Phase I, urgent treatments that should occur 
in the next 1-5 years, and Phase II, actions that may occur in the next 5-10 years. These in turn 
have been fed into a larger blueprint for collections care that includes planning for a new storage 
building and improving the way in which we document treatments and decisions. The 
conservation staff is also working to facilitate further collaboration and cross-discipline training 
with the curators, to ensure that they continue to feel involved in and fully understand the 
activities of the conservation lab. 

This project has already proved valuable for the collection at Colonial Williamsburg. It has helped 
prioritize retreatment needs and redirect limited resources in ways that will optimize the benefit to 
the collection. It has also helped identify areas where research should be undertaken or focused. 
Since many of the treatment methods covered in the survey have been used on other sites in the 
region, it is hoped that the results of the survey can also serve as a basis for prioritizing 
conservation work in other collections 
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Endnote 

1. The most common method seems to have been to soak the wood in 50-75% PEG 600, 
followed by a painted coating of PEG 4000; the concentration of the latter is not known. 
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A PRELIMINARY INVESTIGATION OF COMPOUNDS EXTRACTED WHEN 
SOAKING LOW-FIRE CERAMICS 

Teresa Myers 

Introduction 

The submersion of ceramic objects—from earthenware to porcelain—in water is a common 
treatment procedure in objects conservation. This procedure can be used for many purposes, 
including aiding in the removal of adhesive repairs; softening accretions; and removing salts from 
the ceramic matrix. This paper is concerned with the effects of soaking low-fire ceramics in water. 

Soaking a low-fire archaeological ceramic often produces a yellow tint in the water. This may 
occur without any apparent relation to the age of the ceramic, its excavation location or its post-
excavation treatment. The author has witnessed this phenomenon when desalinating Maya 
polychrome vases, ancient Greek vessels and indigenous ceramics from the Dominican Republic. 
Desalination of these diverse vessels was carried out in different countries, within different 
institutions, and using various water sources, yet all produced a similar visual result in the soak 
water. An early assumption of a relationship between the color and the presence of salts was 
disproved when soaking sherds from a pre-Columbian Southwest US ceramic vessel in order to 
soften accretions; the vessel was free of soluble salts but soaking the sherds nonetheless produced 
the yellow color. These observations spurred the following investigation, although ultimately no 
definite link was made between the yellow color and any particular compound. 

Experiment Design 

The investigation took the form of an experiment that would provide information about materials 
extracted from low-fire ceramics through soaking in water at room temperature. 

The experiment was designed to provide qualitative analysis of compounds extracted from 
carefully selected sources. Test materials were chosen to determine the effect of several factors on 
the materials extracted by the soak water: firing temperature; firing conditions (reductive versus 
oxidative firing); surface decoration (slip), and differences in clay bodies (tempered versus 
untempered). 

The Samples 

Samples for analysis consisted of residues extracted during soaking in water of five groups of test 
materials (see Table 1): unfired raw materials; new ceramic coupons (oxidative firing); new, 
ceramic sherds (reduction firing, both decorated and undecorated); recently excavated 
archaeological sherds; and a control group. Each group was divided into smaller sets to represent 
different factors being tested. Each set consisted of four similar or identical materials to provide 
statistical qualitative accuracy. 
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Group 1 : Raw materials, probable source clay and temper from Mission San Marcos. 
Materials were processed by softening with deionized water and crushing. 
•Set 1: (4) tins of clay (# 57-60) 
•Set 2: (4) tins of temper (# 61-64) 
•Set 3: (4) tins of a 4:1 clay-temper mix, measured by weight. (# 65-68) 

Group 2: Oxidatively fired ceramic coupons made of a probable source clay and temper 
from Mission San Marcos. 
•Set 1 : (4) tins of clay-only coupons fired to 650 degrees Centigrade (# 1-4) 
•Set 2: (4) tins of 4:1 clay:temper coupons fired to 650 degrees Centigrade (# 5-8) 
•Set 3: (4) tins of clay-only coupons fired to 800 degrees Centigrade (# 9-12) 
•Set 4: (4) tins of 4:1 clay:temper coupons fired to 800 degrees Centigrade (# 13-16) 
•Set 5: (4) tins of clay-only coupons fired to 975 degrees Centigrade (# 17-20) 
•Set 6: (4) tins of 4:1 clay:temper coupons fired to 975 degrees Centigrade (# 21-24) 
•Set 7: (4) tins of clay-only coupons fired to 1050 degrees Centigrade (# 25-28) 
•Set 8: (4) tins of 4:1 clay:temper coupons fired to 1050 degrees Centigrade(# 29-32) 

Group 3 : Reductively fired sherds from a vessel (exact firing temperature unknown) 
made with a mix of 4:1 Mission San Marcos probable source clay:unidentified temper, 
hand-built by Dr. Blinman and unused. 
•Set 1 : (4) tins of sherds, undecorated (# 49-52) 
•Set 2: (4) tins of sherds, decorated with orange slip pre-fire (# 53-56) 

Group 4: Archaeological sherds, unwashed, excavated from two areas at Mission San 
Marcos 
•Set 1 : (4) tins of oxidatively fired sherds, decorated with slip pre-fire; from area LA 98 
Cat.99.12.4897 Lot 1 (# 33-36) 
•Set 2: (4) tins of oxidatively fired sherds, undecorated, from area LA 98 Cat.99.12.4897 
Lot 1 (# 37-40) 
•Set 3: (4) tins of blackened cookware sherds from area LA 98 Cat.99.12.4867 Lot 1 (# 
41-44) 
•Set 4: (4) tins of oxidatively fired sherds, undecorated, from area LA 98 Cat.99.12.4867 
Lot i (#45-48) 

Group 5 : Control group 
•Set 1 : (4) tins of deionized water (# 69-72) 

Table 1. Sherd groups tested. 

Dr. Eric Blinman, Assistant Director of the Office of Archaeological Studies for the Museum of 
New Mexico, provided materials with documented connections to Mission San Marcos, a New 
Mexican archaeological site to which he has access. New coupons and sherds were crafted from 
the clay believed to be the probable source for the archaeological ceramics excavated at Mission 
San Marcos. Some of the new ceramic bodies used in this study were formulated to match the 
ratio of 4:1 clay:temper found in low-fire archaeological sherds from Mission San Marcos. (This 
ratio is based on cross section analysis and experimental work with local clays.) (Blinman, 2004) 

The first group was composed of raw materials, unprocessed probable source clay and temper. 
One set of four samples consisted of the clay alone, one set consisted of the temper alone and one 
set consisted of the two mixed together in the above mentioned 4:1 clay .temper ratio. These raw 
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materials would allow comparison of what was extractible from unfired materials versus fired 
ceramics made from the same materials. 

The second group was composed of new ceramic coupons fired oxidatively in an analytical kiln. 
These coupons were divided into 8 sets, as follows: four sets were formed from clay alone and 
four were formed from the 4:1 mix of clay:temper. Temper, a bulking agent added to clay for 
improved handling qualities and to reduce shrinkage during drying and firing, could not be fired 
alone as it lacks the cohesion provided by the presence of clay. One set of clay coupons and one 
set of clay:temper coupons were fired to four different temperatures common for low-fire 
ceramics; 650, 800, 975 and 1050 degC. These coupons would allow comparison of extractible 
material in ceramics formed at different firing temperatures, and also what was available in the 
clay versus the temper. A direct comparison could be made to raw materials from the same 
source, pure clay and a clay/temper mix. 

The third group consisted of new sherds from a single reduction-fired vessel that Blinman had 
recently made using the probable Mission San Marcos source clay, using a-temper from an 
unknown source. One set of sherds was undecorated and the other set was decorated with an 
applied slip made of the probable source clay and additional iron oxide. Slip is a regular 
decorative feature of low-fire ceramics that is applied pre-firing and consists of clay mixed with 
coloring agents. These sets would allow a comparison of extractable in oxidative versus 
reductive firing and also in decorated versus undecorated surfaces. Because of the difference in 
temper source, the comparison between this group and the others is not exact. 

The fourth group, the archaeological sherds, consisted of small sherds from two areas of the 
Mission San Marcos site. None of the sherds had been cleaned after excavation beyond brushing 
off excess dirt; a small quantity of directly associated burial dirt remained on each sherd. Two 
sets of oxidatively-fired sherds were chosen from the first area of the archaeological site; one set 
of undecorated and one set of decorated sherds. The second area of the site yielded a set of 
blackened corrugated cookware sherds that may have been reduction fired and a set of 
undecorated oxidatively-fired sherds. These sherds would allow comparison of decorated versus 
undecorated wares, sherds from slightly different deposits, and the differences available in the 
blackened cookware. These sets would also allow comparison between new ceramics and 
archaeological sherds although it must be noted that the clay and temper used in the new 
ceramics were from the probable source of the archaeological materials; it is possible that the 
archaeological samples were made from clay and temper of entirely different sources. 

Methodology 

Each individual sample was placed in a separate aluminum weighing dish and covered with 
deionized water. The control group consisted of four dishes filled only with deionized water. All 
deionized water was drawn from the same source. The dishes were from the same source and had 
been washed as a group in deionized water with Orvus WA paste, rinsed in deionized water and 
left to air-dry. The dishes, with test materials and water, were placed together on a platform and 
covered with a lid to exclude dust and discourage evaporation. More deionized water was added 
as needed to the dishes throughout the course of this first phase of the experiment. 

After two weeks the test materials, with the exception of the loose raw materials, were removed 
from their dishes and the remaining liquid was examined. At this time, it was noted that the 
water in the trays that had held the archaeological sherds displayed a yellow tint. The water was 
then allowed to evaporate completely. Every group except the control group produced some 
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a total of 68 samples. The residues in the dishes that held the archaeological sherds retained a 
slight yellow color, while those holding the new ceramics and the raw materials produced a white 
residue. 

Samples were collected with a clean scalpel blade and analyzed immediately after collection. The 
primary analytical tool was Fourier-Transform Infrared Spectroscopy, or FTIR. FTIR is often 
thought of as most useful in the analysis of organic polymers but in this case it proved useful in 
identifying both organic and inorganic compounds. 

To obtain a thorough information base and minimize preparation time for the 68 samples, each 
sample set of four was analyzed by taking one Potassium Bromide (KBr) pellet spectrum and 
three Split Pea spectra. Split Pea (also known as Attenuated Total Resistance or ATR) is a rapid 
method of analysis, as it does not involve any sample preparation beyond collection. The Split 
Pea attachment at the Museum of New Mexico yields relatively noisy spectra and was therefore 
used as a backup method to the KBr pellet sample collection. Thus the analysis ratio of 1 KBr: 3 
Split Pea yielded one clear, detailed spectrum in the set and three generally noisier versions that 
would nonetheless allow for some comparison. Significant variance within the set would signal a 
need to prepare three additional KBr pellets. 

Because of the clarity of spectra generally available from KBr pellets, this paper will largely utilize 
spectra derived from KBr pellets as representative of each sample set, with only a few Split Pea 
spectra used. 

Results 

All sample groups (with the exception of the control group) yielded residues and all residues 
yielded spectra. Comparisons of spectra between groups revealed peaks present throughout most 
groups which will be discussed below. One other set of peaks was found uniquely in the 
Archaeological sherds group (Group 4), peaks consistent with the presence of nitrates. Nitrates 
were the only non-contaminant that appeared consistently in every spectrum for the 
archaeological ceramics and did not appear in any other samples. 

Interpretation of the spectra was undertaken with the assistance of Dale Kronkright of the 
Kronkright Center for Cultural Materials, Richard Newman and Michele Derrick of the Museum 
of Fine Arts, Boston (Newman and Derrick, 2003) and an interpretive guide from Nicolet, maker 
of the Museum of New Mexico Conservation Department's FTIR spectrometer (Nicolet 
Educational Services). 

Spectra from Group 1, raw clay and temper samples, are shown in Fig. 1. The spectra show peaks 
significantly different from those seen in the spectra from other sample categories with the 
exception of contaminants and silicates, (peaks around 1116 wavenumbers). Silicates are the 
proposed source of the commonly found peak around 1150 wavenumbers. The compounds 
causing unidentified peaks were likely present in raw materials but destroyed in the firing process 
for the new ceramics. The cluster of peaks above 3500 wavenumbers in CE# 57 are associated 
with unfired clay, yet they appear inconsistently throughout the other groups of spectra; CE#s 17, 
29, 53 and 45 show these peaks strongly. These may be from unfired associated soil (as in the 
case of the archaeological materials) or may indicate contamination through handling. 
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Spectra from Group 2, the new ceramic coupons, are shown in Figs. 2 - 4 . Figs. 2 and 3 show 
spectra from the clay-only type, fired at the temperatures shown. Fig. 4 shows spectra from the 
clay/temper mix with corresponding temperature notations. All of these spectra are quite similar 
with no real difference between clay-only and the clay/temper mix. All spectra contain peaks for 
amine, alumina and hydroxyl contaminants (these contaminants will be discussed below). They 
also have the silicates peak around 1116 wavenumbers. It seems likely that in the lowest-fired 
ceramics, some portion of the clay was left unfired, and subsequently was suspended in water and 
withdrawn from the ceramic matrices during soaking. 

Spectra from Group 3, the reductively-fired new ceramic sherds, seen in Fig. 5, show the alumina, 
hydroxyl and amine contamination as well as a peak for silicates. These spectra do not differ 
significantly from the oxidatively-fired coupons. Likewise, there does not seem to be any 
significant difference between the reductively-fired plain sherds and those decorated with slip. 

Group 4, the archaeological sample set, exhibited the most varied spectra (Fig. 6). Spectra from 
these sherds are shown in Fig. 6. Once again the spectra display amine, alumina and hydroxyl 
contamination with a peak for silicates. There is also a pair of peaks, one at around 1380 
wavenumbers and another at about 820 wavenumbers, which are characteristic peaks for nitrates. 

Because there was no apparent difference between decorated versus undecorated or reductive 
versus oxidative firing in the new ceramics, it is likely that variations between the archaeological 
spectra are not due to these factors but rather a result of variations in materials deposited within 
the ceramic matrices during burial. 

A phosphates peak appears at around 1025 wavenumbers in some but not all of the archaeological 
samples. Phosphates in the archaeological samples may have been deposited during burial or may 
be the result of contamination. 

As noted above, amines, hydroxyls, phosphates and alumina appeared throughout the sample sets. 
The consistent presence of these compounds in both new and archaeological samples shows that 
they are not derived from use or burial context; they may be artifacts of the manufacturing 
process, or they may be contaminants. 

The amines are present in the spectra as a triplet of peaks at about 1640, 1550 and 1430 
wavenumbers. Their presence is generally confirmed by a sharp peak at about 3300 wavenumbers. 
The triplet of peaks is present consistently throughout the sample sets, including those from the 
newly fired ceramics. Any amine (protein) contained in the unfired clay coupons would have been 
destroyed by the firing process, so the protein had to have been deposited post-fire. In these new 
ceramic coupons, the most likely source of protein is from skin contact during handling. The raw 
materials analyzed may have been contaminated by handling or may have contained proteins from 
their burial context. The archaeological sherds may have contained proteins from their burial 
context but because they, too, had been subjected to skin contact (post-excavation), their protein 
content can only be considered as contamination. 

The hydroxyl groups, represented by a broad band at about 3500 wavenumbers, are present in the 
KBr pellet-derived spectra only. Hydroxyl contamination is common in KBr spectra. 

In Split Pea spectra, a sharp peak is present at about 3300 wavenumbers, confirming the presence 
of amines. In KBr spectra, the sharp or blunt curve is present closer to 3500 wavenumbers but in 
most cases is sharper than hydroxyl groups alone would cause. It is likely that in the case of the 
KBr spectra the two peaks overlapped and the sharp amine peak shifted to the left to give a 
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broad, fairly sharp peak closer to 3500 wavenumbers. 

Phosphates are indicated by peaks around 1025 wavenumbers. Peaks in this range appeared 
inconsistently within sample groups; for example in Set 1 of Group 2 (see Table 1), all of the 
samples are from identically treated clay coupons, yet CE#2 is the only sample which gives a peak 
around 1025 wavenumbers (see Fig. 2). This implies that phosphates contaminated the project; 
they may have unevenly contaminated the aluminum tins or the water, or they may be the result of 
contamination through handling. 

Most of the spectra, both KBr and Split Pea, showed peaks at about 600 wavenumbers. This 
peak can be caused by the presence of Sulfates (together with another peak at around 1150 
wavenumbers), Phosphates (together with a peak at around 1050 wavenumbers) and Alumina. 
Phosphates do not appear as consistently as the 600 wavenumber peaks. Peaks close to 1150 
were present in many but not all of the samples. Samples 1,2,3 and 4 (See Figure 2), all of which 
have peaks at both 1150 and 600, tested negative for Sulfates using the Barium Chloride test 
(Odegaard et al. 2000). The proposed source of the 1150 peak will be discussed below. 

Alumina is indicated solely by a peak around 600 wavenumbers. The consistent presence of 
Alumina is the most likely explanation for the 600 wavenumber peaks, confirmed by an observed 
phenomenon in the course of the project. Pitting was observed in many of the aluminum weighing 
dishes at points of contact between the ceramics and the aluminum. It appeared that the contact 
allowed for localized reaction between the aluminum and the water, which was found to have a 
pH of about 5.5. This most likely caused pitting in the aluminum and created small white 
crystalline deposits of what is assumed to be aluminum oxide within the residues. In most dishes 
(exceptions are the control dishes and possibly the raw materials dishes, which had no points of 
contact), those with and those without visible pitting, a white residue was found in the dish with 
the other residues once the water had evaporated. 

Other peaks appear inconsistently throughout the sample groups. These peaks may be the result 
of a form of contamination or may indicate a need for further research. 

Further Analysis 

After the initial analysis of the spectra, archaeological samples were tested microchemically for 
nitrates using the iron (II) sulfate test (Odegaard et al. 2000). The positive result for nitrates 
backed up the spectral analysis. 

Due to its ability to produce color in the yellow-green range, iron has been suggested as the 
source of the yellow tint to desalinating soak water. Accordingly the hydrochloric acid test for 
iron (Odegaard et. al, 2000 p.64) was performed on residue from all archaeological samples and 
on a representative sample of new ceramic coupons. All samples tested yielded a slight yellow 
stain; a faint positive result for iron. The inferred small quantity of iron in the samples has two 
likely possible sources; the iron extracted from the clay body or the iron present in the scalpel 
blade used to obtain the samples for testing. In either case the positive result for iron was 
consistent throughout all of the samples while the yellow tint to the soak water (and residue) was 
found only in the archaeological samples. This implies no relationship between the yellow tint and 
the presence of iron. 

Compounds such as phosphates were found in only a few of the samples and were not found to 
have a consistent presence in the archaeological samples. This fact discounts phosphates as a 
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Conclusions 

From these results, it appears that nitrates may be the source of the yellow tint in the soak water 
from the archaeological sherds. Nitrates and the yellow color were the only factors that were 
common to all archaeological samples tested and were not found in the other samples. Because 
these factors did not appear in any of the newly fabricated ceramics, it can be assumed that the 
sources of both color and nitrates were deposited in a post-firing context. The fact that these 
sherds were not washed by archaeologists assures that the nitrates and color source were not 
deposited after excavation. Thus they must have been deposited either in use or in the burial 
environment. The small quantity of soil associated with each archaeological sherd is unlikely to be 
the sole source of nitrates or the yellow tint; after a long period of burial it is reasonable to 
assume that a ceramic matrix will have absorbed any water-soluble compounds available in the 
surrounding soil. 

Nitrates are commonly derived from plant material and fertilizers and both options seem possible 
sources. Plants associated with the ceramic when it was in use, or decaying plants or fertilizer 
introduced while the sherds were in the burial environment could explain the presence of nitrates. 

Though the results of this experiment imply a relationship between the source of the yellow tint 
and the presence of nitrates, further questions remain concerning this relationship. However, this 
experiment has successfully explored other factors such as protein contamination and extractible 
silicates in ceramics. Proteins appeared in this experiment as ubiquitous contaminants; their 
presence therefore should probably be considered as such when found in any ceramic matrix, 
unless proper handling precautions have been taken. This experiment also proved that unfired 
silicates can be extracted from the ceramic matrix during soaking. This may have repercussions in 
future quantitative studies of the composition of very low-fired ceramics. 

This study raises some interesting questions and new avenues for exploration. For example, FTIR 
can be used to detect the presence of a variety of compounds, both organic and inorganic, and 
therefore can be a useful tool in the analysis of ceramic sherds. And because questions remain 
about what extractible compounds are present within a ceramic matrix, conservators should 
consider carefully before soaking ceramics in water and then consider again before sending the 
soak water down the drain. 
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Figure 1. Spectra from Group 1. 

Figure 2. Spectra from Group 2, Set 1. 
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Figure 3. Spectra from Group 2, clay-only samples. 

Figure 4. Spectra from Group 2, clay/temper mix. 
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Figure 5. Spectra from Group 3. 

Figure 6. Spectra from Group 4. 
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TIPS FROM THE NATIONAL MUSEUM OF THE AMERICAN INDIAN 
COLLECTIONS MOVE 

Rachael Perkins Arenstein, Colleen Brady, Norine Carroll, Jennifer French, Emily Kaplan, Angela 
Yvarra McGrew, Ashley McGrew, Scott Merritt, Leslie Williamson 

[Editor's note: Originally a tongue-in-cheek PowerPoint presentation titled "NMAI LIVING: 
Moving à la Martha (with apologies to Martha Stewart)", the presentation has been re-formatted 
by the authors for this publication.] 

Barcode Tracking System 

The barcode tracking system developed for the move by NMAI registration department staff 
without question greatly facilitated the efficiency, safety, and accuracy of the move. The move 
process started with the Registration team, which located and pulled the objects from the 
storerooms and associated a barcode tag. The museum uses a Sato thermal transfer printer with 
M-230 wax resin ribbon by Dainippon Printing Co. to print barcodes on Kimberly Clark type 
number C-64438 Kimdura® labels (a Tyvek®-type of synthetic sheeting). These products passed 
Oddy tests conducted by NMAI in 1999. The labels are waterproof and have proved to be durable 
throughout the move process, in which they receive a good amount of handling. 

After investigating various options the museum decided that it would not be necessary to 
physically attach barcode labels to the objects. The labels have a perforation, which 
accommodates a twill tape or string tie, but the barcode labels are usually placed next to each 
object as it passes through the move line. The labels rarely get disassociated even with the high 
volume of material being moved, and if one does get disassociated another can be easily printed. 

Carts 

For this move project, metal wire baker's carts made by Nexel are used along with the 
Rubbermaid® carts commonly used in museums. The baker's carts, with their adjustable multi-tier 
shelving, increased the flow of objects through the move line and prevented accidents that could 
be caused by hand carrying. 

Custom shelf extensions were used for oversized objects. The extensions, made from wood, 
Coroplast™, electrical conduit and screws, added another three feet of shelf space and slide away 
when not in use (Fig. 1). 

These carts come with modular ledges for the shelves, but an easier, more flexible way to insure 
that items are not pushed off the shelves is to make shelf sides and backs with polyethylene (linear 
low density) stretch wrap (available from Preferred Plastics). Binder ring clips and plastic sheet 
protectors are useful for holding signs and labels (Fig. 2). 

Supports 

The damage incident rate through this project was less than 0.1% of the collection moved. 
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Most of the problems occurred as objects were handled during move preparations, rather than 
during transit. In order to minimize handling and reduce accidents, most objects were placed in a 
tray or other support once they were removed from their storage location. 

Nine standard sized trays ensured efficient storage and fit safely on the carts. The three-sided 
cardboard tray design allowed flat or delicate items to be smoothly slid out using a Tyvek® slip 
sheet. Rolls of Tyvek® were pre-cut in-house with a table saw (Fig. 3). Taping the roll tightly at 
the desired cut line ensured a clean edge. Cutting tray blanks on a saw, and scoring the sides with 
a homemade press for easy folding, speeds mass production. 

All of these supports were produced to standard sizes designed to fit cart and storage shelves. 
Materials used for these supports include round and triangular polyethylene foam backer rod 
(Figure 4) which comes in several diameters and has a soft finish so that it can be placed in direct 
contact with objects. Both are manufactured by Nomaco and are available from Granite State Log 
Homes or Gaylord Bros, and Kenseal respectively. Regular (non acid-free) cardboard was often 
used for temporary supports: objects are not in contact long enough for acid migration to be a 
problem. Variations using acid-free board would work well for longer-term re-housing projects. 

A grid pattern was drawn onto some pallets (Fig. 5) so that, by placing one object per square, one 
may quickly verify the count for large object groupings. To save space these are designed to be 
stackable with an interlocking design. 

Inexpensive beanbags made with polypropylene pellets (available from PolyOne Distribution) and 
washed Tyvek® were useful for objects needing weights or soft, flexible supports (Figure 6). 
Tyvek is used rather than cotton stockinette (which is a good alternative) because it has a slick 
surface that will not snag, can easily be wiped clean, and can be both heat sealed and sewn. 

Every one of these supports can be fully produced in less than five minutes and some much more 
rapidly. Please see "NMAI Good Tips: Application and Bulking of Cyclododecane, and Mass 
Production of Supports" elsewhere in this Postprints volume for a detailed description. 

Conservation 

Once the objects were properly supported they were sped along to the conservation team. About 
6,000 objects passed through the move line each week. Every one was examined for stability, 
cleaned to remove dust, and assigned a pest eradication method. A proactive stance on pest 
control was planned for moving into a new building, but at the beginning of this project it was not 
expected that this would mean freezing almost the entire collection. While a C02 bubble was used 
for objects too large to fit into a freezer, investigations have shown freezing to be safe as well as 
time efficient, and compatible with the care and handling concerns held by some Native American 
constituents. See Carrlee 2003 for a thorough explanation of methods used at NMAI. 

A system of standardized tags, stickers and notes was developed to convey procedures, condition 
concerns and handling directions to staff throughout both facilities. These were attached with a 
plastic paper clip to the barcode label, making a bundle that was easy to find and read before 
anyone ever touched the objects. 
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Stabilization Treatments 

This move provided an excellent opportunity to deal with minor stabilization problems but 
conservators have had to be judicious as there was only time to treat less than 1.0% of the 
collection. The right tools and techniques facilitated minimally interventive treatments. 

Beadwork Stabilization 

While many objects with condition problems can travel safely, pieces with loose beadwork need 
stabilization. To save time securing loose beadwork, three techniques, sometimes used in 
conjunction, were developed (Fig. 7). When the damage or loss is substantial, such as with 
loomed beadwork, loose beaded strands were rethreaded and anchored to surrounding stable 
areas. This is reversible but time consuming. Where there is enough existing thread or sinew at the 
end of a broken strand the fastest technique is to secure it with a simple knot of Teflon® floss or 
white cotton thread. This is quick, unobtrusive and entirely reversible. When there is not enough 
thread or sinew at the end of a strand, a dot of Acryloid B-72® is applied to anchor the end bead 
to prevent further loss. 

Ceramic Stabilization 

Short-term stabilization methods to ensure safe transport can be used for unstable crumbling or 
spalling ceramic objects. Cyclododecane has proved to be ideal. A wide range of application tools 
was investigated, as were techniques for temporarily filling unstable open cracks. Please refer to 
Arenstein et. al. 2003 for a detailed exploration of the merits of the various tools. 

Wheat Starch Paste 

Wheat starch paste is the preferred adhesive for plant material and basketry repairs but making it, 
even with an electric saucier, can be time consuming. To minimize time spent making the paste, a 
technique borrowed from paper conservation was used. Paste kept in syringes with the air 
squeezed out will last far longer than when stored in ajar (Fig. 8). In tests, paste stored in 
syringes lasted up to 20 days even at room temperature, whereas the jar was moldy in just five 
days. Refrigerated syringes last twice as long. Depending on the consistency of the paste it can be 
sucked up, paddled in with a spatula, or dispensed with a disposable pastry bags. Note that 
syringes cannot be reused. They are impossible to get truly clean, and lingering mold spores will 
cause mold re-growth in a matter of days. 

Teflon® tape 

Teflon® tape (available from Saint Gobain and McMaster Carr among other vendors) is available 
in several sizes and thicknesses, from the width of a thread (such as Glide brand dental floss) to 
27 centimeters (Fig. 9). It has worked well for temporary stabilization and for securing loose 
elements that might move in transit. Most of the time the Teflon® is removed once the object is 
rehoused, but sometimes it will stay on in storage until a better, more permanent solution is found. 
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Digital Documentation 

Digital imaging was used extensively to speed the move conservation process. A digital asset 
management program called Extensis™ Portfolio, commonly used in the graphic design field, has 
been useful to keep track of the over 10,000 conservation images created during the course of the 
move project. This is a database that allows one to easily view thumbnails, use pull down menus 
to associate metadata with images and to search on materials, condition issues, and other 
keywords. With this organizational tool it is easy to find pictures to illustrate presentations for 
training and conferences. 

Packing 

During the course of this project packing systems have become more standardized and largely re-
usable. As the packing, transport and unpacking processes are carried out in-house, packing does 
not have to be over-designed for every contingency. However, these ideas would work well for 
many travel situations. 

Wave packing proved to be a good solution for stable objects, such as lithics, that are of similar 
size and weight (Fig. 10). Long strips of bubble wrap were doubled over to create walls or 
'waves' to separate objects. To save space while moving, it may be possible to place several 
objects in the same 'trough'. Variations using polyethylene foam sheet or Tyvek® may also work 
well as a re-housing technique for crowded drawers. 

Reusable padded boards were made of double-wall cardboard with polyester batting on one side, 
covered by wide strips of Teflon® sheet (Fig. 10). This makes pillows with a soft and flexible 
surface that conforms to the shape of the object and provides evenly distributed pressure. This is a 
good solution for flat artifacts with moveable parts such as beads, fringe or metal tinklers. The 
object is sandwiched between the pillows and held in place with stretch wrap (linear low-density 
polyethylene sheet). 

The ring packing technique worked well for baskets and ceramics (Fig. 10). The objects were first 
loosely wrapped in high-density polyethylene sheet, and then each was compartmentalized in the 
box with a ring of single-face corrugated paper. The area between each ring was then carefully 
stuffed out with tissue. 

Another successful method involved the use of stretch wrap over a high-density polyethylene 
cover sheet to gently secure lightweight objects directly onto a pallet (Fig. 11). Wrapping the 
pallet is more efficient if the object is raised off the workstation with risers made from two pieces 
of cardboard tubing screwed onto a piece of plywood. 

Some systems functioned for both packing and storage. Kachina figures are a good example (Fig. 
12). The figures are on wooden bases, which slide smoothly onto a high-density nine pound 
polyethylene foam mount cut with a band saw and router. This foam proved to be an excellent 
alternative to Medex® (a wood based particle board), which was originally intended for these 
mounts but failed recent Oddy tests. The base can then be easily blocked in for stable travel, and 
the kachinas are re-housed simply by placing them in trays for permanent storage. 
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Crating 

Boxed objects were shipped in Kiva-Pak™ units, an off-the-shelf reusable pallet system from Kiva 
Plastics, also called Uni-Pack™ and available from Shuert Industries. These units have a plastic 
top and bottom and locking corrugated plastic sleeves (Fig. 13). All parts of the system, including 
standardized cushioning made from Coroplast™ sheets and polyurethane foam, can be stacked for 
compact storage so they are out the way when not needed. This is a good substitute for expensive 
wood crates that eat up valuable storage space and are often not reusable 

Rehousing 

While it may be preferable to reuse packing supports for storage, for the most part this has not 
been efficient for this particular move. Packing supports, pared down and designed for reusability, 
were often not compatible with storage needs mandated by the thirteen-foot high compactor units 
at the museum's permanent storage facility. 

Trays have been more successful than simple pallets for storage supports. Trays serve to reduce 
handling, contain fragments and keep the objects stable when the compactor units are moved. 
Where possible, custom die-cut and scored Coroplast™ trays which do not require adhesive were 
used, in other cases custom trays were made from acid free board. Two-part nylon mini rivets 
(#27MRF12 and #27MRM125187 from Micro Plastics Inc.) were used for extra security on large 
trays or those that contained heavy objects. 

Tyvek® pillow supports (Fig. 14) were used for most moccasins. A small pillow was made for the 
toe and a second to fill out the instep and heel area. The Tyvek® was heat sealed to form a three-
sided case, turned inside out and stuffed with polyester batting. The fourth side, left open to 
adjust the filling as needed, is tucked in at the end. 

For ceramics, die cut polyethylene foam rings lined with Volara or Tyvek were often used. For 
custom fits, wedges of Minicel® (cross-linked polyethylene foam manufactured by Voltek and 
available from Foam Fair or Reilly Foam) were used (Fig. 15). This material is smooth; precluding 
the need to cover abrasive polyethylene foam cut surfaces with a layer of Volara®. It is best to 
cut Minicel® with very sharp carving knives or knives with snap-off blades rather than traditional 
foam knives. 

Rolled and flat textile storage, designed based on the work of many textile conservation 
colleagues (Fig. 16) included six standard acid-free tube and conduit sizes. With Mylar® 
(polyester film) covering the roll it is easy to see the weave structure without having to handle 
each textile. A color image can be included so that the whole design can be seen at a glance. 

Garments and flat textiles that cannot be rolled were placed on a sheet of Tyvek® for easy 
handling. If the textile was large enough to require folding, a length of smooth round backer rod 
(made by Nomaco and sold by Kenseal) was used to avoid creases over time, rather than 
crumpled tissue that loses its shape and could catch on quillwork or other decoration. Round 
backer rod also works well for winding long sashes and belts (Fig. 17). 

The challenge of moving and re-housing on such a large scale required constant problem solving. 
No two collections or institutions are similar enough that move procedures can be translated 
exactly. Nonetheless it is hoped that lessons learned from this particular move will be useful for 
others. 
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Suppliers 

Coroplast, 700 Vadnais, Granby, Quebec J2JIA7, Tel (800) 361-5150, Fax (450) 378-0835, 
www.coroplast.com 

Extensis, Ine, 1800 SW First Avenue, Suite 500, Portland, OR 97201, Tel (503) 274-2020, 
(info@extensis.com), www.extensis.com 

Foam Fair, 3 Merion Terrace, Aldan, PA 19018, Tel (800) 796-3626, 
http ://www. everytruckj ob. com/hot-cdl-job/foam-fair-industries. html 

Granite State Log Homes, 773 Tenney Mountain Highway, Plymouth, NH 03264, 
Tel (603) 536-4949, Tel (800) 585-9605, Fax (603) 536-2980, www.granitestateloghomes.com 

Gaylord Bros., Box 4901, Syracuse, NY 13221-4901, Tel (800) 345-5330, Fax (800) 595-7256, 
www. gaylord. com 

Kenseal Construction Products Corp., 10501 Tucker Street, Beltsville, MD 20705, 
Tel (301) 595-4044, Fax (301) 595-3261, http://www.kenseal.com/ 

Kiva Plastics Inc., 1402 S. 40th Ave, Post Office Box 6770, Phoenix, AZ 85005-6770, 
Tel (800)722-KIVA (722-5482), Fax (888) FAX.KIVA (329-5482), www.kivaplastics.com 

McMaster Carr, P.O. Box 440, New Brunswick, NY 08903-0440, Tel (732) 329-3200, 
Fax (732) 329-3772, www.mcmastercarr.com 

Microplastics, Highway 178 N , P.O. Box 149, Flippin, AR 72634, Tel (870) 453-8861/2261, 
Fax (870) 453-8676, www.microplastics.com 

Nexel Industries, Inc., 22 Harbor Park Drive, Port Washington, NY 11050, Tel (516) 484-5225, 
Fax (516) 625-0084, www.nexel.com 

Nomaco Inc., 501 NMC Drive, Zebulon, NC 27597, Tel (800) 345-7279, Fax (919) 269-7936, 
www.nomaco.com 

PolyOne Distribution Company, Contact Sales Representative Joan Barton, Tel (800) 566-3896, 
(joanbarton@polyone. com) 

Preferred Plastics, P.O. Box 657, Nutley, N.J. 07110, Tel (973) 759-1510 

Reilly Foam Corp., 1101 Hector Street, Conshohocken, PA 19428, Tel (610) 834-1900, 
Fax (610) 834-0769, www.reillyfoam.com 

St. Gobain PPL Corp., P.O. Box 642625, Pittsburgh, PA 15264-2625, Tel (877) 402-7357 

Shuert Industries, Inc., 6600 Dobry Road, Sterling Heights, MI 48314, Tel (586) 254-4590, 
www.shuert.com 
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Figure 1. Cart extensions. 
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Figure 2. Signage on carts. 

Figure 3. Cutting Tyvek® rolls to size; use of Tyvek® slip sheets. 
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Figure 4. Tray inserts made with foam rod. 

Figure 5. Grid patterns on stackable, interlocking pallets. 
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Figure 6. Bean bags for padding and separating objects. 

Figure 7. Methods of stabilizing beadwork. 
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Figure 8. Wheat starch paste stored in disposable syringes. 

Figure 9. Teflon® tapes. 
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Figure 10. Packing methods: waves, rings and padding that conforms to irregular objects. 

Figure 11. Polyethylene stretch wrap, and the use of pallet risers. 
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Figure 12. Kachina mounts for transit and rehousing. 

Figure 13. Modular boxes packed in Kiva® reusable crates. 
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Figure 14. Pillow inserts for moccasins, made with Tyvek® and batting. 

ceramics on die 
cut ethafoam 

rings & custom 
Minicel® mounts 

Figure 15. Ceramics on ring and wedge mounts. 
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Figure 16. Rolled textile storage. 

Figure 17. Sashes rolled on circular rod, tied with twill tape. 
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CONSERVATORS ANONYMOUS: POST-ITS FROM THE EDGE 

Katherine A. Holbrow 

1. Introduction 

This paper presents a series of quick ideas or tips— "Post-it Notes" from Williamstown Art 
Conservation Center (WACC). The tips aren't really anonymous, as the title suggests, but they 
came from several different people and situations. Ideas were suggested by paintings and furniture 
conservators as well as objects people. Included are two computer tips, two examples of how to 
use a casting compound, one fill material, and lastly, a slightly longer discussion of some 
inpainting materials that are favorites of the author. 

The Williamstown Art Conservation Center is a regional lab in the Berkshire Hills of western 
Massachusetts. It is a small operation, with ten to 15 conservators who work very closely 
together. On big projects, it is very common to borrow help from another laboratory, and this 
interdisciplinary cooperation leads to lots of creative solutions. 

We also see many strange problems- our 60 member museums have a wide range of collections, 
and as they are small (and with small budgets), artwork tends to come to us needing extensive 
treatment. As a result, we do a lot of structural work, and like most conservators, we work under 
lots of time constraints. Shortcuts are very useful, where appropriate- it leaves more time for 
obsessing about the details! 

These WACC tips were originally formatted as single page handouts, to be as accessible as 
possible. They include a short introduction, supplier, pros and cons (where that seemed 
appropriate), and treatment examples, with illustrations. 

2. Tips for digital imaging 

The first two tips concern digital imaging. In a regional lab like WACC, curators tend to be off-
site- often several hours away. Digital imaging allows us instant long-distance consultations 
about the visual aspects of the treatment. Enhancing these images can often help to clarify the 
problem or questions that arise. 

WACC Post-it #1: Adobe Photoshop™ and radiography 

Product: Adobe Photoshop™ is an image-processing software program that enables the user to 
manipulate images and save them in different formats. It has many applications in conservation 
documentation. 

Discussion: Radiographs of complicated three-dimensional objects can be very confusing to read 
because of the way they flatten an image. Overlapping components become hard to understand 
when all sense of depth is eliminated. To combat this, take a digital image under normal light 
from the same setup as the x-ray. Digitize the x-ray (either scan or photograph the film on a light 
box), and superimpose the two in Photoshop. Make the "real" layer partly transparent (by 
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changing the opacity in the Layers view). Matching up the 'inside' with the 'outside' can help 
clarify what you are seeing. 

Example: The wood and iron yoke of a large bell radiographed here appear flat, when in fact the 
images were taken at a 3A angle. Superimposing an outside view adds depth and makes the 
radiograph more readable. 

Figure lb. Digital images overlapped using Adobe Photoshop™. 
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Figure 1a. Bell with wood and iron yoke (Paul Revere,
1805; Town of Greenfield, MA).
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WACC Post-it #2: Adobe Photoshop™ and ultraviolet images 

Product: Adobe Photoshop™ is an image-processing software program that enables the user to 
manipulate images and save them in different formats. It has many applications in conservation 
documentation. 

Discussion: Ultraviolet images can be made a lot clearer with image enhancement. With 
traditional photography, one can use filter gels on the camera lens to filter out all the red light. 
With digital images, one can filter out all the red color, and also heighten the contrast. In this 
case, contrast and brightness in the different layers of the image are adjusted differently and two 
images are displayed side-by-side for comparison. 

Example: This terrestrial globe, signed by various explorers, was light-damaged. The orbits 
traced by some of the astronauts are visible only in ultraviolet light. 

Figure 2. Visible and ultraviolet light digital images compared 
using Adobe Photoshop™. 
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3. Treatment tips: use with caution 

Publishing any treatment ideas, and "tips" in particular, can raise issues of conservator ethics. Is it 
irresponsible to present what are, in effect, recipes for treatment? No such thing exists in 
conservation, as we all know. Objects are unique, they do not age consistently or even 
predictably, and if anything can go wrong, it generally will. 

However, experience does pay, materials recur, and mechanisms of degradation can be 
scientifically determined. It may be better not to consider these "tips" as recipes, but rather as the 
collective experience of many conservators. Experience constantly undergoes growth and 
change, and as such the "tips" have a finite usefulness. 

It should also be emphasized that none of the topics presented here includes full and complete 
instructions or descriptions. To keep things brief, a level of professional knowledge about topics 
such as casting and inpainting is assumed. Also taken for granted are proper documentation, the 
use of isolation layers, and other standard practices, as are: 

• use of MSDS sheets 
• literature searches 
• calls to the manufacturer 
• talking to colleagues 

And, of course, testing it yourself. There is no substitute for common sense and professional 
responsibility. 

WACC Post-its #3 and #4: Reprosil™ Casting Compound: Quick 3-D Casts 

Product: Reprosil™ is a very high viscosity vinyl polysiloxane impression material marketed as a 
dental casting compound. It is a very quick and convenient way to cast small shapes and textures. 

Discussion This two-part putty sets very quickly (in about two minutes). It is stiff enough to cast 
three-dimensional forms without building dams or special forms (unlike a pourable RTV silicone 
such as Dow Corning 3110 RTV). The material is expensive, but the time saved can be worth it. 
It does not give quite the fine detail of Dow 3110, and thickness and quick setting time can cause 
trapped air bubbles. As with any silicone casting material, a separator may be needed to protect 
the object, and the surface may need to be solvent cleaned 

Example 1: The missing finger on this bronze Hermes was replaced by a copy, cast from the 
adjacent finger. The cast took about ten minutes to make, by simply wrapping the putty around 
the figure and letting it set for five minutes or so. Building a form to pour a cast completely in-
the-round would have been particularly time-consuming. 
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Figure 3 a. Hermes with missing finger, 
before treatment. 

Example 2: An oil painting on canvas had a loss in the glossy black background necessitating a 
very thin, textured fill. A flat sheet of Reprosil was pressed on the front of the canvas to produce 
a mold of the canvas texture (Fig. 4). The loss was mostly filled with Modostuc (a calcium 
carbonate/ PVA filler), and topped off with a mixture of Golden Heavy Gel, Golden Heavy Body 
Acrylics for color, and a few drops of Golden Retarder to prevent uneven drying. The Reprosil 
mold was then set on top with light weights (the canvas was supported from below) to impress 
the canvas texture on the fill, and the fill allowed to dry overnight. In some cases, an even thinner 
"skin" of texture can be cast over a colored fill, using transparent Golden self-leveling gel alone. 

I l l 

Figure 3b. During treatment,finger replaced. Figure 3c. afetr treatment.
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Figure 4. Oil on canvas. Left: flat fill. Right: completed fill with textile imprint. 

WACC Post-it #5: Paraloid B-72/alpha-cellulose putty 

Product: Many conservators use Paraloid B-72 acrylic resin mixed with bulking agents such as 
glass microballoons or fumed silica, and colored with dry pigments, as a putty for reversible fills. 
These fills can be too rubbery to carve or shape easily, however, and solvent evaporation can 
cause large air bubbles to form. 

Discussion: Adding alpha-cellulose to the putty can mitigate these problems, as well as reduce 
shrinkage and improve handling. If made very stiff, the putty can be press-molded, cut with a 
scalpel, adhered with liquid B-72, and shaped with a hot spatula (silicone release Mylar or paper 
can help). The final appearance is that of coarse terracotta, which can be painted or clear-coated. 

Example: Losses in this 17th-century terra cotta relief were filled with putty made from 
(proportions are rough estimates): 

1 part 30% B-72 (in 1:1 toluene:acetone) 
1V2 parts alpha-cellulose 
Vi part glass microballoons 
dry pigments to color 

Fig. 5a shows the many losses (where the black glaze is missing, so is the surface of the 
terracotta) after filling; Fig. 5b detail shows an area of press-molded, applied putty after 
burnishing but still uncoated. Fig. 6 shows the putty as it appeared before application. 
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Figure 5a. Terracotta plaque (Fort Ticonderoga, Figure 5b. Detail of applied putty, burnished 
NY) with surface losses filled. but uncoated. 

Figure 6. Stages in application of the putty. 
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4. Inpainting with Golden Acrylic Colors 

Inpainting losses and cracks in ceramics can involve the following problems: 

• translucency differences cause shadows between repair and original ceramic. 
• gummy edges and tidelines form from overly-thick paint. 
• paint is not transparent enough. 
• inpaint is not glossy enough to mimic ceramic glaze. 

Using Golden Paints' system of versatile acrylics can help resolve some of these problems. 
Airbrushing can make transitions gradual enough to avoid shadows, at the cost of a very slight 
overspray. Airbrush paints are made with a light-bodied binder that dries very flat. They can also 
be used with a paintbrush for inpainting designs on ceramic, minimizing tidelines and gumminess. 
Adding Transparent Airbrush Extender and Slow-drying Glaze medium can also help to achieve a 
more transparent, flat glaze effect. UVLS High Gloss Varnish dries very thin (again, no tidelines 
at the edges), and makes a good topcoat. It comes as a water-based emulsion or in mineral spirits 
(which needs to be spray-applied to avoid disturbing the underlying layers). 

Golden products can be used interchangeably. This means that with the proper additives, such as 
airbrush extender, retarder (polyethylene glycol), or acrylic media, you can adjust transparency, 
gloss, and other characteristics. The acrylic mediums (known as GACs) adjust hardness, crazing, 
and viscosity. Golden paints also come in different forms, ranging from the thick Heavy Body 
Colors (most familiar to conservators, these mimic the texture of oil paints) to the very thin 
Transparent Airbrush Colors. These thinner paints can be much more useful for objects 
conservators than the Heavy Bodies, since using fill material to build up thickness (and keeping 
the paint thin) often gives a more satisfactory final product. 

Test panels can be a useful way to get to know the different qualities of the products. This test 
panel shows the different application characteristics of the paints, applied by brush. Note that the 
first four streaks are cadmium red, but the airbrush colors (the two stripes at the right) are 
Naphthol red instead. Golden has developed these colors to allow a non-toxic option for spray 
applications, rather than spray the highly-toxic cadmium pigment. 

Figure 7. Test panels for red pigments. 
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On the brush-applied paint test panels, from left to right, the applications are: heavy-body paint; 
fluid acrylic; slow-drying glaze; airbrush colors; and transparent airbrush colors. Two other useful 
test panels display airbrushed samples of various transparent media (the larger panel), and various 
ultraviolet light stabilized (UVLS) varnishes in matte, satin, and gloss versions (the smaller panel). 
They provide a quick reference for just how matte the results will be, or how invisible a clear 
topcoat can be. 

Figure 8. Test panels for transparent media. 

The larger panel shows the airbrush-applied medium test panel. From top to bottom, the 
applications are as follows: transparent airbrush extender; GAC 200 (the hardest medium, which 
cracks when used alone); GAC 500 (slightly softer, used in the fluid acrylics); slow-drying glazes 
(allow blending); and a 1:1:1 mixture of airbrush extender: slow-drying glaze colored with fluid 
acrylics: water. This mixture is useful for simulating porcelain. 

The smaller panel shows airbrush-applied UVLS varnishes. From top to bottom they are: water-
based gloss; water-based satin; water-based matte; mineral spirits gloss; and mineral spirits matte. 

WACC Post-it #6: Inpainting with Golden Acrylic Colors 

Product: Inpainting on high-gloss ceramics and other objects can be made easier by using 
Golden acrylic paints, mediums, gels and varnishes. 

Discussion: Acrylic emulsions produced by Golden Paints offer a number of advantages: both 
water-borne emulsions & resin options; a wide range of emulsion formulas including heavy-body, 
fluid and airbrush; a wide range of additives, all compatible; well-tested light-stability and 
reversibility; and great technical support. 
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Disadvantages: these paints have the cloudy whiteness of any emulsion when wet, and 
consequently dry a darker and cooler color than they appear during application. To avoid this, let 
each test patch dry before mixing more color, and try to mentally adjust for the amount of cool 
white you know will disappear upon drying. It gets easier with experience, and is very worthwhile 
for safety reasons. 

Examples: The following examples show some recent inpainting on ceramics, both porcelain and 
white-bodied stoneware. They are all high-gloss surfaces; two have monochrome glazes which 
are replicated most successfully by airbrushing, the other has decoration which necessitated brush 
application. 

Figure 9a. Airbrush inpainting on teapot 
lid (private collection). 

Figure 9b. Airbrush inpainting on porringer 
(Historic Deerfield, acc. No. 61.268. 

Example 1: Airbrushing was used to inpaint losses in these monochrome high-gloss ceramics, a 
porringer and a teapot lid (Figs. 9a, b). They were sprayed (over a Milliput epoxy fill) with a 1:1:1 
mixture of Transparent Airbrush Extender, Slow-drying Glaze medium colored with Fluid 
Acrylics, and water. A clear coat of Transparent Airbrush Extender was used as a topcoat. 
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Figure 10. Inpainting with paintbrush (Lamb-form pocketwatch Munson-Williams-
Proctor Institute, PC 358) 

Example 2: A paintbrush was used to reintegrate the design on this chipped pocket watch. A 
highly polished fill of Milliput epoxy putty helps achieve the desired glossy result. 
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Suppliers 

Acryloid B-72: Conservation Support Systems and others 

Adobe Photoshop™: It is available from Adobe Systems, Inc., San Jose, CA (www.adobe.com), 
for approximately $700. 

Alpha-cellulose: Sigma Chemical (www.sigma-aldrich.com). 

Golden acrylic paints and media: Golden Artist Colors, Inc., 188 Bell Road, New Berlin, NY, 
13411, (607) 847-6154, (www.goldenpaints.com). They are also available from suppliers of 
artists materials such as Dick Blick (www.dickblick.com). 

Milliput: Conservator's Emporium, 100 Standing Rock Circle, Reno, NV 89511, Tel (775) 852-
0404, (www.consemp.com). 
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Modostuc: Peregrine Brushes & Tools, P.O. Box 200, Wellsville, UT 84339, Tel (435) 245-
5830, (www.peregrinebrushesand21 s.com) 

Reprosil™: DENTSPLY International, Inc., #626110, Tel(800) 532-2855 x794. Approximate 
cost: about $70 for 500 ml. 

Author's address 

{Catherine A. Holbrow, Conservator of Objects and Department Head, Williamstown Art 
Conservation Center, 225 South Street, Williamstown, MA, 01267, (413) 458-5741. 
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LOSS COMPENSATION AND SURFACE INTEGRATION 

Maureen Russell 

In order to inpaint on a 3-dimensional object, a conservator must think below the surface, to 
replicate not just the skin of a sculpture but the material that constitutes the substrate below. The 
thread that runs through this tips topic is not only inpainting but also loss compensation, and the 
ethical decisions we make as a team for each object or sculpture. Teamwork and collaboration 
with curators, scientists and colleagues in the field is vital in determining the final solution for a 
successful treatment. In this paper, a range of reversible treatments will be covered for objects 
made of wood, glass, wax, enamel, metal and a composite object. There is a different approach 
for each individual work of art; not only the appearance and aesthetics must be considered but 
also structural stability, physical integrity and the original and contemporary cultural significance. 
Each medium represents a different challenge and there is no single solution. 

There are many ways to inpaint on the surface of an object. A wash may be used that layers glaze 
upon glaze to achieve a perfect color match. Another technique used to replicate the exact color 
of the original adjacent surface is dotting in pigment until the surface of the fill is covered. The 
media used for inpainting (acrylics, watercolors, clear resins mixed with powdered pigments) offer 
additional challenges and can contribute to inconsistent results, as can the tools themselves (an 
airbrush, sable brush or stipple brush). Since the topic of tips for inpainting and loss compensation 
covers so many variables, this paper will suggest several different treatment approaches applied to 
a variety of media, but will limit the fill material to either wax or epoxy. 

The first few treatments employ wax; specifically Multiwax w-445, a soft microcrystalline wax 
with a melting point between 76° and 82° C. Approximately a tablespoon of wax is placed in a 
disposable aluminum weighing dish and is slowly heated with a hot air gun. Powdered pigments 
are added and blended in. An entire palette of colors, or a tonal range of one color such as flesh, 
can be created in a single dish. Minarettes (small steel retouching tools used for modeling in a 
variety of media), dental tools and spatulas are used to apply the wax mixture to the missing 
areas. This is a versatile fill material, quick to apply, very forgiving, easily reversible and useful for 
polychrome wood, marble, glass and metals. 

The polychrome wood sculpture from the collection of the Los Angeles County Museum of Art, 
St. Mark by Alonso Berruguete, dates to 1560. Figs. 1- 2 show the full figure before and after 
treatment. Figs.3 - 4 and 5 - 6 show some before and after details with pigmented wax fills. 
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Figure 3. St. Mark. Before treatment, detail of proper 
left hand with insect damage. 

Figure 4. St. Mark. after treatment, detail of proper
left hand with pigment wax fills.
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The next treatment, the Spanish Bust of a Female Saint by Felipe Ydalgo Buenfiglio circa 1750 
(also from the Los Angeles Museum of Art) was discussed in a talk by the author at the Wooden 
Artifacts Group during the 2000 AIC meeting in Philadelphia (Figs. 7, 8). Disfiguring insect holes 
marred the beauty of the sculpture. A flexible fill material was needed that could accommodate 
the expansion and contraction of the wood without being invasive structurally. Microcrystalline 
wax mixed with powdered pigments was used to replicate flesh tones. The channels left by the 
insects are not completely filled. A small amount of wax is smoothed just over the top of the exit 
hole. 

/ 

Figure 7. Bust of a Female Saint. (Los 
Angeles Museum of Art, ca. 1750-1760, 
acc. no. 1995.174.1) Before treatment, 
with insect damage. 

Figure 8. Bust of a Female Saint. After 
treatment, with pigmented wax fills. 

A beeswax and resin relief by Massmiliano Soldani-Benzi entitled Apotheosis (Los Angeles 
County Museum of Art) was also treated using the wax fills (Figs. 9-10). One of Soldani's most 
important commissions, it was created as a proposal for the tomb of the Grand Master of the 
Knights of Malta, Antonio Manoel da Vilhena in 1726. The wax relief depicts Vilhena being 
elevated to the heavens by two putti and flanked by Father Time and The Virgin Mary. One putto 
carries the sword and helmet presented to the Grand Master by Pope Benedict XIV. A shield held 
between two putti at the bottom proper right illustrates Fort Manoel on the island of Malta. 
Representations of Neptune holding his trident and the lion of Malta are also portrayed. 
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Figure 9. Apotheosis. Before treatment Figure 10. Apotheosis. After treatment, with 
surface cleaned and new wax fills added. 

First, the visually disturbing restorations were examined under ultraviolet light and were removed 
with a mini scalpel while working under the microscope. Again a palette of microcrystalline wax, 
melted with powdered pigments was used. When the wax cooled the fills were laid in with a mini 
spatula and wax tools (Fig. 11). All the wax fills remain soft, unlike the original beeswax surface 
that is rigid and brittle. Although the color of the fills is the same, they are easily identified and 
reversed as they absorb light under UV. 
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Figure 11. Apotheosis. Application of new wax fills 

Figure 12. Apotheosis. Detail after treatment. Figure 13. The same area as in Fig. 12, under 
UV light, showing the location of the fills. 
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The next treatment was both challenging and problematic, the prominent loss to the proper right 
glass eye of this early 18th century Spanish polychrome, Virgin Dolorosa or Sorrowing Virgin. 
The bust belongs to the Huntington Library, Art Collections and Botanical Gardens in San 
Marino, CA., and is on long-term loan to the Los Angeles County Museum of Art (Figure 14). 

Figure 14. Bust of a Sorrowing Virgin (The 
Huntington Library, Art Collections and 
Botanical Gardens, ca.1725, acc. no. 
L.2000.7). Before treatment, detail of head. 

The missing section of the glass eye required a fill material that was flexible, translucent and easy 
to apply. Since there is no access to the back of the sculpture, an epoxy resin could not be used. 
The loss could not be isolated and an epoxy fill would, consequently, wick into the surrounding 
wood causing irreversible damage. Also, with no access to the glass eye from behind, a cured 
epoxy fill could not be trimmed from the sides or verso. 

Although it is a fragile alternative, wax was selected for the repair because it met the necessary 
requirements of flexibility, ease of application and translucency. Multiwax W-445 was melted in a 
aluminum weighing dish and mixed with powdered pigments. The colored wax was slightly gritty 
and matte but was easily applied to the missing section and bridged the loss without covering any 
remaining original glass. Gamblin Conservation Colors (premixed in Galdehyde resin) were used 
to improve the color of the pupil and inpaint the iris and veins. The pigments had sufficient 
coverage for a good color match. However, the color was still matte and gritty and did not match 
the appearance of the rest of the eye. In order to achieve the appropriate glassy look, the Gamblin 
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Galdehyde resin solution was wicked onto the wax fill. Whenever the resin pooled or pulled away 
from the wax's surface during the seven-hour cure time, a little more was applied on a brush tip 
until the resin leveled and eventually cured with an even glassy surface. The same resin was used 
to recreate the missing beaded tears following the remaining original tracks (Figs. 15-17). 

Figure 15. Bust of a Sorrowing Virgin. Before treatment, detail of 
proper right glass eye with missing section. 

Figure 16. Bust of a Sorrowing Virgin. After treatment, showing 
proper right glass eye with pigmented wax fill. 
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Figure 17. Bust of a Sorrowing Virgin. 
After treatment, showing the tears. 
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The next treatment shows the versatility of wax. In this treatment wax is used as a support and to 
create a flexible mold for a removable fill for a Sassanian Silver Gilded Bowl in the collection of 
the Los Angeles County Museum of Art (Fig. 18). The bowl has a portrait medallion of a male 
royal figure in the center and is one of only four known examples in the world. The four bowls 
were allegedly found together and date between the 3rd to 4th centuries A.D. with the LACMA 
bowl placed chronologically at the end of the series. 

The first decision was whether aesthetically and ethically the bowl should be treated. The large 
loss was prominently located and visually disturbing, detracting from the visual integrity of the 
vessel. And because irreplaceable archaeological evidence had already been removed, there was 
no reason to leave the bowl in its untreated state. Curators and conservators agreed jointly on 
three criteria for treatment: the fill should (1) be completely reversible and easily removable 
without affecting the original material; (2) remain stable; and (3) should be detectable but impart 
visual harmony. The surface tarnish was reduced using swabs dampened in ethanol and distilled 
water with a slurry of precipitated chalk. The fire scale and blackened corrosion products adjacent 
to the loss were reduced by electrolytic reduction. This procedure entailed applying a 10-volt 
charge to a small cotton square dampened in a mild solution of formic acid and rinsed in distilled 
water. The corrosion was slowly and painstakingly reduced with wooden tools working under the 
microscope. 
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Figure 18. Bowl with Portrait Medallion of a Royal Figure (Los Angeles County 
Museum of Art, Sassanian period, ca. early 4th c. AD, acc. no. TR. 10020.58). 
Prior to cleaning, with ragged loss. 

The soft wax infill was sculpted to approximate the profile of the bowl and compensate for the 
ragged and warped loss, Hxtal NYL#1 epoxy resin was flowed over the sculpted wax fill and a 
barrier dam of plasticene clay (Klean Klay, which does not react with the epoxy) was used to 
contain the epoxy (Fig. 19). After the wax fill cured the wax was trimmed away from the verso. 

A quick drying gold size was applied over the epoxy fill and was then gilded with sheets of silver 
leaf (Figs. 20-21). Since the silver bowl and fill would continue to tarnish at an uneven rate, the 
bowl was brush coated with a nitrocellulose lacquer, Agateen No. 27. This could not be used on 
the silver-leafed fill since it would lift off the gilding. 
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Figure 19. Bowl with Portrait 
Medallion. During treatment, 
showing wax reconstruction 
and plasticene dams prior to 
filling with epoxy. 

Figure 20. Bowl with Portrait 
Medallion. During treatment, 
showing partially silver-gilded 
epoxy fills. 

Figure 21. Bowl with Portrait 
Medallion. During treatment, 
showing completely silver-
gilded fills. 
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The silver-leafed fill was airbrushed with an acrylic resin, Acryloid B-44 mixed with powdered 
pigments so the infill would integrate better with the original aged patina. The fill is completely 
removable if either the bowl or the fill requires further treatment in the future (Figs. 22, 23). 

Figure 22. Bowl with Portrait 
Medallion. After treatment 
detail, showing removable 
airbrushed fills. 

Figure 23. Bowl with Portrait Medallion. After treatment. 
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The next piece is an exceptional composite object treated by the author several years ago. The 
early 15th century Chinese cloisonné ceremonial offering stand was the subject of a thorough 
analytical investigation published by John Twilley, then Senior Research Scientist at LACMA 
(Twilley 1994). Works dating to the early 15th century are of considerable rarity, especially in 
American collections. Therefore, when an opportunity presented itself to investigate this 
unrestored example from Tibet, Twilley carried out as full an investigation as his scientific 
resources would allow including; thermal analysis, x-ray fluorescence, x-ray diffraction, infrared 
spectroscopy, wavelength dispersive electron probe microanalysis and optical microscopy. 
According to Twilley, he investigated three principal activities: "the construction of the metal 
form; the enamel formulation and application; final finishing and the gilding of the cloisonné 
edges. Ancient repairs were identified by their residues where fabricators filled defects in the 
enamels with pigmented beeswax" (Twilley 1994:161). 

The offering stand is constructed of a flat-sided, circular, leaded brass casting, 30.8 cm in 
diameter and 7.8 cm high, enameled only on the exterior (Fig.24). When in use, this Buddhist 
ceremonial stand would be surmounted by tiered mounds of rice, each contained within a metal 
ring resting on the one below and terminating in a finial. 

Figure 24. Ceremonial Offering Stand. (Private Collection, early 15th c.) 
Before treatment. 

Rigid parameters were established in consultation with the owner and Twilley prior to treatment. 
First, the object had never been treated before and irreplaceable evidence must be preserved 
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intact. This included ceremonial yak butter on the surface and original pigmented beeswax used to 
fill the voids or pinholes after fabrication. The object would not be cleaned; treatment would focus 
locally on the damaged area. Although the brass substrate was deformed, no attempt would be 
made to mechanically improve the dents since substantial additional damage and loss of enamel 
would result. The repair would be harmonious aesthetically but should be completely reversible, 
removable and detectable under ultraviolet light. 

The treatment proceeded as follows; a reversible acrylic resin, Acryloid B72 was used to 
consolidate the lifting and crumbling enamel prior to filling. Using flat stock brass strips located at 
a model train store, the missing cloisons were replaced. The brass strips were shaped mechanically 
to replicate the missing cloisons and were tacked in place with a fast curing 5-min. epoxy resin. 
An additional bead of bulked up adhesive; Acryloid B48N was flowed along the lower edge of the 
replaced cloisons. This helped seal the compartments created by the brass strips so the fill material 
would not wick under the cloisons and affect adjacent original enamel. Small pieces of plastic 
wrap were laid over and inside the areas to be filled so the fills would be completely reversible and 
removable. 

Figure 25. Ceremonial 
Offering Stand. During 
treatment, detail with enamel 
consolidated and cloisons 
tacked in place. 

Figure 26. Ceremonial 
Offering Stand. After 
treatment, detail with epoxy 
fills. 
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Practice fills (using small polypropylene beakers) were made to replicate the original 15th century 
enamel, blending the deep brilliance of the color with the dense opacity of the enamel. 
Additionally, an attempt was made to imitate the way the fired colors bleed together. It quickly 
became obvious that even a perfectly matched fill would be unacceptable if the surface appearance 
was not replicated as well. The original surface was fractured and worn looking from repeated 
ritual abrasion with husks of raw rice. The pinholes from fabrication were black and filled with a 
mercury gold amalgam residue from the original polishing process. And finally, it was necessary 
to include all of these characteristics into one fill application. 

In an attempt to replicate the intense color and the density of the enamel, the fills were made as 
follows; powdered pigments were added to a 2-part epoxy resin, Hxtal NYL#1 and bulked with a 
1:1:1 mixture of glass microballoons for density, fumed silica for thixotropic properties and 
alabaster dust for translucency. The bulked epoxy was flowed over the plastic wrap in the 
cloisons. 

Rolled rods of soft microcrystalline wax, W-445, were pigmented with ivory black and burnt 
umber and were coated with gold leaf. The wax rods were made in various thicknesses to match 
the pinholes found on the surface, and were placed vertically into the uncured epoxy fills. This 
technique approximated the look of pinholes created by the fabrication technique; mechanically 
drilling holes into cured fills would have had a very different look. Just before the epoxy cured, 
crinkled sheets of clear tape were laid on exposed areas of the fill. This simulated the worn 
fractured look on the surface. 

After the epoxy cured, the tape was removed from the surface of the fill. A hot air gun was used 
to melt away the wax rods leaving pinhole, pigment and the gold residue behind. The fills were 
then removed by lifting up the plastic barrier and reattaching them with an acrylic resin. 

Figs. 27 and 28 show additional details during treatment. 
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Figure 27. Ceremonial Offering Stand. During treatment, 
detail with shaped cloisons prior to filling. 

Figure 28. Ceremonial Offering Stand. After treatment detail. 
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All of the criteria for treatment were achieved. The fills were completely reversible and fluoresced 
under UV making them easily distinguishable from the original. The irreplaceable archeological 
evidence was preserved intact and the damaged area was stabilized with the restorations blending 
harmoniously with original ancient enamel. 

Figure 29. The offering stand after treatment. 

Object conservators are frequently called on to treat unique and varied materials. With each 
treatment and different material, we are presented with a new challenge, and no single solution 
will cover every case. The materials may change but the criteria for treatment are basically the 
same: reversibility, documentation and collaboration. This paper covers a few solutions for loss 
compensation using only wax and epoxy; there are endless possibilities. Hopefully, this will 
stimulate dialogue on the topic of loss compensation, surface integration and the aesthetic and 
ethical decisions made for each individual work of art. 

Suppliers 

Acryloid (Paraloid) B44: methyl methacrylate copolymer in a 15% solution in xylenes. Distributed 
by Conservator's Emporium, 100 Standing Rock Circle, Reno, NV 89511. Tel (775) 852-0404. 
(ConsEmp@comsemp. com) 
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Acryloid (Paraloid) B48N: methyl methacrylate copolymer in a 15% solution in acetone. 
Distributed by Conservator's Emporium. 

Acryloid (Paraloid) B72: ethyl methacrylate copolymer in a 10% solution in acetone. Distributed 
by Conservation Support Systems, 924 West Pedregosa Street, Santa Barbara, CA 93101. Tel 
(800) 482-6299. 

Aerosil R 972: hydrophobic fumed silica. Manufactured and sold by Degussa Corporation 
(Pigments Division), Ridgefield Park, New Jersey. 

Agateen No.27: nitrocellulose lacquer. Distributed by Talas, 568 Broadway, New York, NY 
10012. Tel (212)219-0770. 

Aluminum weighing dishes. Available from Fisher Scientific Co. Tel (800) 766-7000, 
(www.fishersci.com) 

Beakers: polypropylene graduated measured cups. Available from Fisher Scientific Co. 
Tel (800) 766-7000, (www.fishersci.com) 

Gamblin Conservation Colors: available as dry pigments and in an oil base. 
Gamblin Galdehyde: aldehyde resin commercially produced by BASF, (rgamblin@telport.com, 
www.gamblincolors.com, also available through suppliers of artist's materials such as Dick Blick, 
www.dickblick.com). 

Hxtal NYL#1: 2-part epoxy resin. Distributed by Conservator's Emporium, (775) 852-0404. 
(ConsEmp@consemp.co). 

Klean Klay. Distributed by Conservation Support Systems, Santa Barbara, CA. 
Tel (800) 482-6299. 

409 Microspheres: Glass microballoons. Gougeon Brothers, Inc., Bay City, Michigan 48706. 

Multiwax w-445: microcrystalline wax. Distributed by Conservation Support Systems, Santa 
Barbara, CA. Tel: (800) 482-6299. 
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PAINTBRUSH AND AIRBRUSH: A RECONSIDERATION OF FILLING AND 
INPAINTING TECHNIQUES FOR ANCIENT CERAMICS 

Tony Sigel 

This paper will discuss some different approaches to the restorative treatment of archaeological 
ceramic vessels, although these methods will no doubt have application to works in other media 
as well. The author will critique some of his past projects with results that, over time, he has come 
to question. These include issues of style and the internal (within an individual work) and external 
(within a group or collection) consistency of the level of restoration to be attempted. After years 
of trying to find a methodological/ethical aesthetic framework to impose on each category of 
object, each culture, type of ware, etc. in an effort to form a consistent approach, the author has 
come to feel that individual objects come with their own, complex practical, ethical, intellectual, 
and stylistic treatment needs that can only be determined on a case by case basis. One treatment 
choice or style, even within a single genre, does not and can not fit all. 

A critical look at some earlier treatments 

At the OSG session at the AIC annual meeting in San Diego in 1997, Stephen Koob and the 
author presented techniques used in the field at The Archaeological Exploration at Sardis, Turkey, 
including leaving break-lines unfilled, incising the edges of fills and brush applied inpainting (Koob 
and Sigel 1997). These techniques have since been used successfully by the author on many other 
archaeological vessels, including the a Late Helladic Stirrup Jar (Fig. 1). Such a conservative, 
archaeological approach proved well suited to the character of this vessel. 

Figure 1. Incising the fill edges creates a consistent shadow line 
with the adjacent unfilled join lines. 
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The author also treated a large Attic hydria by the Berlin Painter (Fig. 2). It suffered from the 
vices found in many older restorations of ancient vessels: contamination with soluble salts, 
unstable hide glue and shellac joins, sherd misalignment with projecting surfaces and raised edges 
mercilessly ground away with a rasp, poorly shaped and adhered fills, and extensive deceptive 
overpaint (including design areas). After overpaint removal, the extent of the damage, losses, and 
over-fill on the surface was revealed (Fig. 3). 

Figure 2. Berlin Hydria, before treatment. The 
amount of overfill and overpaint was difficult 
to determine at this stage. 

Figure 3. Berlin Hydria, during treatment. 
Light colored areas are overfill. The original 
surface with black slip-glaze has been ground 
off. 

Disassembly, cleaning, desalination, and reconstruction left the vessel with substantial losses from 
missing sherds as well as the poor restoration techniques employed earlier (Fig. 4). Figure 5 
shows the hydria after filling the losses with Plaster of Paris, and consolidating with 10% Acryloid 
B-72 in acetone. 
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Figure 4. Berlin Hydria. Detail after reconstruction showing sherd and surface 
losses, and the degree of slip-glaze loss on break edges. 
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Figure 5. Berlin Hydria. after infilling,
before painting.
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Figures 6 and 7 show the completed hydria after inpainting, and in close-up. The break line losses 
were left unfilled, and the fill edges incised as with the Stirrup Jar. At the time, this approach 
seemed like a reasonable choice. It saved considerable time, which was an issue, and was arguably 
"more conservative." In the years since however, the author has come to consider this an 
unsuccessful treatment for these reasons: The red-buff color of the unfilled break lines contrast 
strongly with the black surface, forming a distracting pattern that disrupts both the continuity of 
the dominant black glaze and the linear decoration. Instead of highlighting the extraordinary 
achievement of the vase painter, the conservation treatment draws excessive attention to itself at 
the expense of the artifact. Along with its value as archaeological and cultural 'information,1 this 
hydria also represents a pinnacle of refinement of the decorative arts of the period. The treatment 
style diminishes this aspect unnecessarily. The author has come to understand that the level of 
refinement and quality of the restoration techniques must reflect the level of refinement and 
quality of the artifact to which they are being applied. 

Figure 6. Berlin Hydria, after treatment. 
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Figure 7. Berlin Hydria, after treatment. The visible break edge lines appear 
distracting and unpleasant, leading to the conclusion that such a conservative 
treatment is not appropriate for this vessel. 

Use of the airbrush with archaeological ceramics 

A black slip Lydian amphora from Sardis (Fig. 8) was one of the first ancient vessels the author 
inpainted principally with the airbrush. The airbrush is a tool for paint application primarily 
thought of when one approaches the perfect, glossy surfaces of porcelain and glazed wares, but 
not generally within the context of ancient ceramics. However, one of its principal benefits is the 
ability to rapidly create thin, smooth layers of opaque or transparent color. Utilizing masking 
techniques to limit over-spray, and other techniques that will be discussed, the airbrush can be an 
effective tool for use on ancient ceramics. 

The extensive losses to both the body and the slip glaze of the Amphora made a conservative 
approach of incised fill edges and unfilled break lines appropriate. The airbrush was used to 
achieve a rapid, even application of water-based acrylic emulsion paint over the broad areas of fill. 
While using the airbrush was a great time saver given the magnitude of the losses, and produced a 
smooth, uniform application of paint, in retrospect the final appearance is somewhat problematic 
(Fig. 9). The fills have an "airbrushed" look- too smooth and modern. While this appearance 
could arguably be considered an aesthetic 'strategy', It is not one that the author feels completely 
comfortable with. To achieve a result more sympathetic to the artifact, considerable work after 
airbrushing to refine the painted surface is necessary. 
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During the recent treatment of an 6th century BC Attic Amphora, depicting the story of Herakles 
and the Erymanthian Boar, some of these issues were resolved (Fig. 10). Privately owned at the 
time of this treatment, the owner desired a high level of "aesthetic reintegration". This involved 
filling and inpainting the break lines and filling losses completely, without incised edges. The 
inpainting was brought to a slightly lighter overall color value to differentiate inpainted fills from 
the surrounding original surfaces, and some distracting losses in the design areas were completed 
where there was adequate evidence to do so. 

The vessel was disassembled and cleaned of old adhesives and overpaints. Reconstruction and 
loss filling were conducted with Acryloid B-72 and Plaster of Paris using techniques described in 
the article mentioned earlier (Koob and Sigel, 1997). Earlier treatments of the authors that 
included filling break lines with a white fill material, leveling and smoothing with sandpaper, then 
inpainting the white break-lines had left something to be desired. Dressing the fills with metal 
tools and sandpaper posed risks to the ceramic, paint applied with a brush often had a raised, 
lumpy appearance, and it was difficult to produce an elegant, unobtrusive result in character with 
the qualities of the vessel. A virtually non-abrasive technique using a tinted fill material was kindly 
suggested to the author by Asaf Oron, an objects conservator then working at the Metropolitan 
Museum of Art, who was treating the Attic pottery collection. The author is grateful to Asaf, and 
other conservators who through their articles, talks, and private communications have shared their 
approaches to these problems. 

Figure 10. Attic amphora during treatment. 
The fills are completed. In the foreground 
are matboard templates made with a circle 
cutting compass to measure and correct the 
neck and rim fills. 

144 



Bosworth, et al. AIC Objects Specialty Group Postprints, Volume Ten, 2005 

Materials and preparation 

Modostuc, a proprietary fill material available in several basic earth colors, was used for this 
project. Flugger Acryl, DAP, and others are also excellent fills, however for very fine edge losses 
Modostuc seems better suited as it has a small particle size- more of a cream consistency than a 
putty. It can be tinted further with dry pigments or liquid acrylic colors. A drop or two of Golden 
acrylic medium helps maintain color intensity from its wet appearance through drying. Such 
modifications will affect the handling, drying, aqueous re-solubility, as well as color intensity of 
the mixture, so experiment and test first. As with the paint, the fill color was mixed to dry 
slightly lighter in tone than the lightest original surface areas. It helps to mix up several slightly 
graduated tones of fill ahead of time, and store them in small polyethylene containers.(Fig. 11) 
Different consistencies may also be prepared: diluting the mix with a few drops of water to an 
even creamier consistency, which is suitable for finer scratches, air bubbles, break lines, etc. A 
stiffer mixture that will shrink less in larger lacunae can also be prepared. 

Figure 11. Polyethylene sample vials with paint and fill mixtures. Micromesh 
sanding sticks are in the background. 

Polyethylene and plastic squeegees and scrapers are made from container lids, charge cards, and 
other sheet plastics (Fig. 12). These tools are softer than the ceramic and can be used safely 
against many surfaces without fear of scratching. Cut a fresh edge in the polyethylene squeegee 
with a scalpel as it becomes dulled; and re-sharpen the harder Styrene plastic scraper on 
sandpaper as needed. Care must be taken however, as many fill materials contain constituents 
that are themselves abrasive enough, even when used with soft tools, to cause damage when 
pulled across some ceramic surfaces. 
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Figure 12. A selection of scrapers. 

Filling break-edge losses 

Particularly absorbent, friable ceramic surfaces adjacent to the loss areas can be temporarily 
isolated beforehand with 10-20% B-72 in acetone if there is the possibility of physical damage, 
contamination or staining during treatment. The larger plaster fills and the unfilled break-edge 
losses should be consolidated with a 5-10% B-72 solution in acetone before filling. Then, a 
thinned mixture of the fill material is spread with a polyethylene spatula to fill small imperfections 
in the otherwise completed and consolidated plaster fills. The darker color of the fill highlights 
these problem areas, also visible in a strong raking light (Fig. 13). To fill the break-edge losses, a 
blob of the fill material is transferred to the edge of a polyethylene spatula (Fig. 14), then forced 
into the crack and leveled at the same time (Fig. 15). This process may have to be repeated 
several times as the fill material will shrink while drying. The fill remains water soluble when dry, 
and any excess can be cleaned up with swabs moistened with water. A stiffer plastic scraper can 
be used to level and remove excess material. Further leveling and smoothing can be done with a 
dampened square of fine silk, either used over a fingertip, or wrapped around a small rubber 
block. Actual 'sanding' with abrasives or working with tools of any kind may be kept to a 
minimum. An agate or other burnisher, used over a silicone release Mylar barrier, can also 
effectively compact and smooth the tinted break-line fills while still at the 'leather-hard" drying 
stage. After completion the fills can be sealed with a 3-5% solution of B-72. This may darken the 
color somewhat, for which allowances should be made in the color mixing stage. Those areas that 
appear too light can be toned down slightly with tinted acrylic washes. 
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Figure 13. Small scratches 
and imperfections in the neck 
area are filled with thinned 
tinted fill mixture. The rim 
top edge has received its 'red' 
body color. This will be 
masked when the black areas 
are painted. 

Figure 14. Preparing to fill. 

Figure 15. Filling the join line. 
This technique is also used to 
fill small imperfections on 
broader fill surfaces. 
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Masking techniques 

Airbrushing requires the use of a masking medium to create the stencil. Parafilm is a translucent, 
thin, elastic wax-based material used in scientific laboratories to seal beakers and other containers. 
Parafilm can be made to cling to various surfaces with gentle heat and pressure. Unlike 'frisket 
film' and tapes sold for graphic arts masking, it easily conforms to compound curves, and can be 
made even thinner and more flexible by stretching. The film can also be used for general 
protection against over-spray while airbrushing, avoiding problems associated with the use of 
pressure sensitive tape which can leave adhesive residues, and possibly lift friable surfaces. 

The Parafilm is stretched over a fill area (Fig. 16A), using finger pressure and warmth to smooth 
and adhere it in place (Fig. 16A). A rubber brayer can also be used to apply an even pressure, 
using a hair dryer to soften the film. Burnishing with a plastic or Teflon tool will ensure adhesion 
of the film in critical areas, as can a swab wetted with saliva. 

Figure 16a. The Parafilm can 
be used as is, or prestretched 
to over twice its normal size. 
This makes a much thinner, 
conformable film. 

Figure 16b. Pressure and heat 
from the fingers is often 
adequate to attach the film. A 
hairdryer can further soften 
the film. 
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Once the film has been attached, the area to be painted is removed with a scalpel (Fig. 17A), or an 
X-acto swivel knife (Fig 17B). This is the most exacting part of the job, and a magnifying 
Optivisor can help. It requires an exceedingly light touch to avoid scratching the ceramic surface. 
You may want to spend some time practicing and refining your technique. Create a mock up 
surface with plaster cast in a rubber or poly mixing bowl. Consolidate the plaster to approximate 
the hardness of your ceramic, and draw a fill outline on the surface. Cover with Parafilm, and 
practice cutting. If you are unsure of your ability, or have a rather soft ceramic that could be too 
easily damaged by the scalpel blade, use an alternative technique. One possibility is cutting slightly 
inside the line, on the fill surface, then repositioning the film outward to the fill edge. Areas where 
too much film is removed can be extended with small scraps of Parafilm, cyclododecane or latex 
masking fluid. 

Figure 17a. Cutting the film 
with a No. 15 scalpel blade. 

Figure 17b. Cutting the film 
with an X-acto Swivel-knife. 
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Figure 18. Removing the Parafil cutout. 

Another technique is to cut strips of Parafilm into thin, tape-like ribbons, which are then 
stretched and applied along the fill edge as one would use a conventional masking tape. Once the 
outlines are in place, the whole area is covered by a sheet of film as described above. The sheet is 
then cut out, but without penetrating the first strips of film. As Parafilm is a wax based material, I 
have experimented with using a somewhat dulled but heated scalpel blade to trim the film. The 
idea is promising, but so far has not worked well in practice. The soldering iron-type device was 
unwieldy and hard to control, and the heated blade tended to deform the edges of the cut 
Parafilm. 

When removing the interior of the stencil or film mask, it is important not to stretch the stencil 
out of shape at sections where it is not completely cut through, but work slowly to free these 
areas with the scalpel (Fig. 18). 

Painting materials and techniques 

The author currently uses water based acrylic emulsion paints almost exclusively. The flexibility, 
characteristics and convenience of Golden acrylics, and their range of media, are well suited to 
this work (Fig. 19). The 'Fluid Acrylics' in one ounce dropper bottles are very convenient to 
dispense and contain finely ground pigments that cover well. 

For mixing enough paint of a particular color and keeping it fresh, small Polyethylene sample 
vials are ideal - the largest shown here is about a third the size of a film container. The basic 
color is mixed up in the largest vial, and decanted into the smaller containers, creating variant 
tones as needed. Further refinement of these mixtures can be done on the palette. The fSta-Wet' 
Palette by Masterson, which maintains colors in a useable state for up to several weeks is one of 
several water media palettes that use a sponge reservoir which feeds moisture up through a 
membrane paper as it evaporates from the surface of the paint. 
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Figure 19. Atypical painting setup. 

The Aztek airbrush (Fig. 20), shown during the application of the first coat, is relatively 
inexpensive, easy to clean and has removable paint cups in several useful sizes; with lids which 
prevent the paint from drying out. While not a superb instrument, it is adequate to the task once 
you learn it and is one of many airbrushes that can be used for this work. 

Figure 20. Applying the first color coat. The thin coat dries rapidly. 
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An important attribute is that paint within the body of the airbrush can be "blown back" into the 
cup when a color mixture needs to be adjusted, by placing a finger over the tip with the trigger 
depressed. It is also robust and can survive hard use. Most air brushes will quickly collect acrylic 
paint on the needle tip, clogging and distorting the spray pattern. Keep a small (No. 2) paint 
brush, with the hairs cut two to three mm. long, nearby when spraying. Clean the needle tip and 
nozzle frequently with the brush and acetone to remove the build-up. 

Thin the paint mixture to a milk-like consistency. Test the airbrush first to establish correct paint 
viscosity, spray pressure and speed. Apply several light coats, sanding lightly in between them as 
necessary. Lay down a heavier final coat, using somewhat thinner paint to promote drying to a 
smooth, satiny layer (Fig. 21).When recreating multiple color areas, always lay down the lightest 
colors first, then mask and move on to the apply the darker colors. 

Figure 21. Applying the final heavier 'wet5 coat. 

Once the paint has dried somewhat lightly sand through the paint covering the raised edge of the 
Parafilm (Fig. 22) This will "break" the attachment of the still tender paint at the edge of the 
Parafilm mask and allow the film to be removed without lifting or tearing the paint from the fill. 
Remove the film as soon as possible after the paint no longer appears wet, either by peeling it 
slowly back on itself to minimize lifting, or by pushing the film edge away from the fill with a 
scalpel, cutting, or 'breaking' the paint line. Try to preserve the stencils as they can be saved and 
reused several times on the same fill when further applications of color are necessary (Fig. 23). 
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Figure 22. Abrading paint from the upper edge of the Parafilm 
will assist in clean removal of the mask. 

Figure 23. Stencils used on the Attic amphora. 

The completed inpainting now has an artificial sprayed texture, or 'airbrushed' look (Fig. 24). 
This can be remedied in several ways, including sanding, polishing, burnishing, brush-applied 
gloss, satin or matte coatings and waxing. After sanding, which produces a very matte 
appearance, a quick brushstroke of acetone can increase gloss to some extent by 're-forming' the 
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surface. In Figure 25 the still tender paint is burnished with a spoon through a sheet of silicone 
release Mylar. An agate burnisher can also be used, working in a linear direction that echoes the 
existing fine wheel thrown burnishing of the original ceramic surfaces. Burnishing both serves to 
'humanize' an otherwise cold, mechanical surface, and to flatten and smooth paint edges that 
were slightly lifted during the removal of the masking material. It can also flatten ridges formed by 
the meniscus of paint formed against the mask edges. 

Figure 24. Painted surface of 
a fill. Note the artificial 
'airbrushed' appearance, and 
the lifted paint on the fill 
edges. 

Figure 25. Burnishing the paint through the 
silicone release Mylar. If allowed to dry 
completely, the paint may be difficult to 
burnish. 
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The completed inpainted and burnished neck fills are shown in specular light (Fig 26). and the 
overall after treatment appearance is indicated in Figure 27. 

Figure 26. The complete inpainted Figure 27. Attic amphora, after treatment 
and burnished neck fill. 

The techniques presented above are just a few possible ways to reach a similar goal. There are 
without doubt many techniques employed by conservators to carry out such treatments. This 
article was written principally because it is the kind of information the author would have liked to 
have read years ago. The objects specialty group tips sessions, talks and papers are an important 
vehicle for the development and transmission of our collective techniques, materials and the 
rationale for using them. 
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Suppliers 

Aciylic emulsion paints. 100% acrylic polymer emulsion, pigments 
Fluid Matte Medium #03520. 100% acrylic polymer emulsion, matting agent 
GAC 200 acrylic polymer emulsion 
Polymer Varnish with UVLS (gloss with UV filter) 

Golden Artists Colors, Inc. New Berlin, NY. (www.goldenartistcolors.com). Available from art 
supply stores and conservation suppliers. 

Micromesh fine finishing abrasives. Micro Surface Finishing Products, Inc. Available from 
Micromark Inc. 800-225-1066, (www.micromark.com); Conservation Resources International, 
LLC. (conservationresources.com); and wood finishing and plastics suppliers. 

Plaster of Paris. Hydrated calcium sulfate. Diamond P. Samuel H. French & Co. Philadelphia, PA. 
215-482-6770 

Parafilm "M" Laboratory Film, 4Mxl25' roll. American National Can, Greenwich, CT 06836. 
Available from laboratory suppliers such as Fischer Scientific, VWR, and others. 

Dap Interior Vinyl Spackle(calcium carbonate filler). DAP Inc., Dayton, OH 45401. Widely 
available from home centers and hardware stores. 

Flugger Acryl. Acrylic spackle. Flugger A/S, Denmark. Available from Conservation Resources 
International, LLC. (www.conservationresources.com) 

Acryloid B-72 Acrylic resin. 70/30 Poly ethyl methacrylate/ poly ethyl acrylate copolymer. Tg 40° 
C. (Rohm & Haas Co.) Available from conservation suppliers. 

Cyclododecane, cyclic hydrocarbon solid. Available from Kremer Pigment. 500g for $25, 1 kg for 
$45 . 228 Elizabeth Street, New York, NY 10012; tel: 800-995-5501, 212-219-2394, fax 212-
219-2395, (www.kremer-pigmente.de) 

Aerosil R974 hydrophilic fumed silica. DeGussa Corp., Pigments Division, PO Box 2004, 
Teterborough, NJ 07608. This and other hydrophilic fumed silicas available from conservation 
suppliers. 

Cabosil fumed silica. Conservators Emporium, 100 standing Rock Circle, Reno, NV 89511. 702-
852-0404, (www.consemp.com) 

Optivisor. Available from Micromark Inc. 800-225-1066, (www.micromark.com), and 
conservation suppliers. 

Polyethylene containers: Nalge Nunc International. Sample vials #6250-0012 (12 mL), 6250-0005 
(2 mL). Available from laboratory suppliers such as Fischer Scientific, VWR, and others. 
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TIPS AND TRICKS WITH EPOXY AND OTHER CASTING & MOLDING 
MATERIALS 

Stephen P. Koob 

Introduction 

Epoxy resins are used both as adhesives and as a fill material for loss compensation. Conservators 
should avoid them whenever possible. This class of materials is very difficult to use, and has some 
major limitations, which include incredible strength, a potential to yellow, and difficulty in 
reversibility. This paper introduces some suggestions as how to better use the epoxies, and how to 
better control them. 

Considering the disadvantages, why are epoxies so popular? They bond well to glass (Fiorentino 
and Borrelli 1975) and are a major improvement over early joining methods, such as iron clamps; 
or early adhesives, such as shellac, and cellulose nitrate, which tends to separate from glass in less 
than 20 years. Acryloid B-72 is an excellent solvent adhesive for glass (Koob 1996, 1997), and is 
entirely satisfactory for the repair of Roman and Islamic glass, as it has moderate strength and 
excellent stability. The join line, however, will incorporate air bubbles, which can be slightly 
visible on the clearer glasses. For most clear modern glasses an epoxy adhesive will present a 
somewhat better appearance, as no solvent is necessary and the join line is bubble-free. The 
different types of epoxy resins also offer a broad range of refractive indices, from 1.51 (Hxtal 
NYL-1) to 1.56 (Epotek 301-2 and Fynebond), a useful property that allows the conservator to 
match the refractive index of the glass (Tennent and Townsend 1984). Epoxies are also excellent 
casting resins, useful primarily for loss compensation on repaired glass. 

The tendency of epoxies to yellow (Down 1986), even in the dark (Down 1994), is perhaps the 
greatest drawback to their use, both as an adhesive and a fill material (Fig. 1). Their unbelievable 
strength is another issue (up to 5,400 psi tensile strength for Hxtal). The strength of the adhesive, 
combined with the small amount of shrinkage that occurs on setting (1- 2%), puts the glass 
surface at risk. When a join is stressed, the glass is more likely to break than the epoxy, and fills 
have been known to tear off edges of the surrounding glass. 

Still, science and industry (and conservation) have all made some progress, and there is now a 
good supply of excellent epoxies available (see Table 1 and Suppliers). These are just some 
general properties, as the conditions of work and application can radically change many of these 
numbers. 

Using Epoxies 

All of these epoxy resins are supplied in two parts, the resin and the hardener. All are clear when 
supplied and the recommended shelf life is only one year. The resin has a higher viscosity than the 
hardener, and flows at about the consistency of thick syrup or thin honey. The hardener flows 
more like water. When mixed, the viscosity will drop dramatically, particularly during the first 
hour after mixing, and at this point the epoxies are very difficult to control without a closed space 
to contain them. The following suggestions are useful both for controlling the epoxies and for 
obtaining consistently reproducible results. 
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Table 1. Epoxies currently popular in the U.S. 

Properties @ 22 ° C 

Name Working Time Setting Time R.I. Viscosity Tg (° C ) 

HxtalNYL-1: 4-12 hours 12-24 hours 1.51-1.52 48 °C 

Epotek 301: 2-4 hours 4-8 hours 1.539 100-200 cPs > 65 ° C 

Epotek 301-2: 6-8 hours 8-16 hours 1.564 300-600 cPs > 65 ° C 

Fynebond: 8-10 hours 12-24 hours 1.565 "moderately low' 

Laboratory Equipment 

Recommended equipment includes a good binocular microscope with adjustable working 
distance; an analytical balance with precision to two decimal places; a fume hood, or fume 
extractor; and a small oven. Most suitable is an "incubator" oven (Fig. 2), that controls 
temperatures to moderate heat, in the range of 35° C at the lowest setting to 65 ° C at the highest, 
which is the highest level to which glass should be subjected. 

The working area must be kept clean, which is extremely important for applying epoxies to 
delicate materials like glass. 

Environment 

A controlled environment is also critical to successful epoxy application, as problems in setting 
have been noted in high humidity situations (Haynes 1997). Work should be done in a moderately 
dry (40-55% RH) environment and at moderate temperature (20-25 ° C). For faster setting, a 
low temperature oven is useful to keep the temperature between 35 - 40 ° C. At these 
temperatures no adverse effects have been noted on the performance or ageing characteristics of 
any of the epoxies. One should not work with epoxies in a damp basement, or outdoors. 

Manufacturers' Recommendations 

Manufacturers' recommendations on mixing proportions should always be followed precisely, 
hence the need for an analytical balance (Fig. 3). The balance should be kept clean, with the pan 
protected by a piece of filter paper (see Fig. 3). Drips onto any surface should be cleaned up as 
soon as possible. For ease of use and reproducible results, it is best to mix epoxies in small 
quantities. A little bit of epoxy goes a long way, and given the high expense, it is prudent not to 
waste it. 
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Mixing 

For mixing, clean glassware (Fig. 4) is recommended and is both convenient and reusable. 
Different sizes of watch glasses accommodate small quantities of epoxy (1-5 g), and glass 
stirring rods should be used rather than metal spatulas, as epoxies are extremely sensitive to 
contamination and staining from metallic ions. If a larger batch is needed, a polystyrene cup or 
glass weighing bottle can be used. All glass should be carefully cleaned after every use. 

Once the proportions are weighed out, the hardener should be thoroughly stirred into the resin for 
one to two minutes. The mix should then be set aside for 5 minutes, preferably in a warm area, 
such as in the incubator oven at the lowest setting. The epoxy should then be mixed again for at 
least a minute. This is one of the most important steps in obtaining a homogeneous mixture and 
consistent results. 

At this point, the epoxy is usable, or it can be left to sit (in or out of the oven), depending on how 
soon it is needed. In general, for pouring into a mold it should be used within the first hour of 
mixing. Otherwise, it is used when the consistency is appropriate. For injection, it is best used 
soon after mixing (Fig. 5), but edges can be joined hours after the epoxy has started to thicken. A 
batch of Hxtal can be mixed at 9:00 AM, and after 8 hours in the oven at 37 ° C it will be about 
as tacky as a solvent adhesive. The setting times will vary, depending on the ambient 
temperature, either in the room or if the epoxy is warmed. With the exception of Epotek 301, 
which is rather fast setting and is unusable after about 4 hours, all the other epoxies allow for a 
much longer working time. No change has been noted in the strength, clarity or appearance of 
any of the epoxies after gentle heating or warming in an oven, and the use of an oven is 
preferable to heating on a hot plate, in a water bath, or under a light bulb. 

Use as an adhesive 

For use as an adhesive, the substrates to be joined need to be clean and dry. Glass should be 
washed with a dilute detergent, thoroughly rinsed in deionized water and dried. The edges of the 
breaks should be checked under a microscope, and dusted or cleaned again as needed. In the 
author's opinion, it is not necessary, nor recommended, to use any other pre-treatment or surface 
modification such as coating with a silane, or using an etching cream. As mentioned above, it is 
best to apply the epoxy in a relatively dry environment. Various methods can be used for joining, 
and have been published elsewhere (Davison 2003). 

Loss Compensation 

For casting and loss compensation, even on colored glasses, sometimes the epoxy can be used 
clear, immediately after mixing. For very small losses, no tinting or coloring is usually required, 
as the epoxy will pick up the color of the glass. Often a few drops will level beautifully, with no 
finishing required. 

Other materials can also be added for special effects, as long as they do not interact with the 
epoxy. These include pigments, dyes, fumed silica, fumed titanium dioxide, to change the 
transparency, texture, color or surface appearance of the fill. 

Adding dyes must be done with great care. A little dye goes a long way, and the dyes should be 
mixed individually with a small amount of the epoxy resin only, with no hardener added. The 
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dye is stirred into the resin, put aside to sit for an hour, and then stirred again (Fig. 6, top and Fig. 
6, center). The resin should not be warmed at this stage, and the mixture should simply be 
covered and left overnight, as the dye continues to bleed into the resin. Usually, after 12 hours 
the dye is completely dissolved (Fig. 6, bottom). 

At this point, the dyed resin is ready for use and color matching. As much as is needed is poured 
out, or added to undyed resin which has been weighed, and the correct proportion of hardener 
then added. Not all the dyes retain their initial color. This is especially true of Orasol blue (GN), 
which is bright blue when mixed with the resin, but turns a rather different greenish-blue color 
with the hardener added. Sample testing with each dye should be carried out before attempting a 
final color match. If the dye is added to an epoxy that already has the hardener mixed in, it will 
continue to bleed and darken the mixture for hours, producing a much darker and more intense 
result, often accompanied by streaks and spots of undissolved dye. 

Silicone Rubber 

Casting and molding with silicone rubber requires considerable patience, care and attention to 
detail. Perhaps the simplest type of silicone mold is a one-piece or "enveloping" mold. 
For filling losses in glass, a detachable replacement fragment can easily be made by initially 
casting the loss with plaster, and then making a silicone rubber mold of the plaster fill (Koob 
2000). For replication, the object itself will be used to make the mold. For either application, the 
object or fragment is placed in a plastic cup or walled container, and positioned so that the 
silicone rubber can be poured around it. Small toothpick pieces and a drop of B-72 adhesive (Fig. 
7) are useful to position the fragment or object to be molded, and to keep it from moving during 
the silicone application. In addition, the securing points also serve as sites for the later injection 
or venting of the casting resin. Release agents (such as Krylon spray) may be used for plaster 
fragments, but silicone rubber does not naturally stick to solid glass. 

Once the silicone has set (usually 4-8 hours, for most silicone rubbers, although faster setting 
silicones are available), the molded fragment is removed by cutting a slit around one side of the 
silicone rubber, and the object or fragment is removed. The mold should then be placed in the 
incubator oven at 40-50 ° C, to completely cure and off gas before it is used for casting (Fig. 8). 
This is an important step because it ensures a complete crosslinking of the silicone and prevents 
the epoxy from interacting with the mold or adhering to it. 

At the Objects Session at the 2002 AIC Meeting in Miami, Jonathan Thornton suggested the use 
of clear silicone rubber as a molding material, as it allows one to see what is happening during 
the molding and casting procedure. There may be numerous types of clear silicone available (Fig. 
9) and this is an area which requires more investigation. The author's initial attempts with a clear 
silicone rubber were somewhat disappointing, as the silicone rubber tested had a very high 
viscosity, and trapped numerous air bubbles on mixing. Even with the use of a vacuum pump, 
the resulting silicone mold was translucent at best. In this instance, the fault may have been the 
vacuum pump, which was old and was not able to draw a strong vacuum. After purchasing a 
small aspirator vacuum which attaches to the sink (Fig. 10), it was possible to get the clear 
silicone rubber bubble-free (Fig. 11). An aspirator vacuum costs less than $10.00, hooks easily 
onto the faucet of a sink, and draws an amazingly strong vacuum. 

The above example was a reproduction molding of a "gold dollar". After the original coin was 
removed and the mold cured in the oven overnight at 45 ° C, the interior of the mold was dusted 
with bronze powder and a batch of murky brown Epotek 301 epoxy was dripped in by pipette 
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(Fig. 12) until it came out the vent hole (Fig. 13) where the toothpick had been. A small piece of 
clear tape was placed across the front vent, to prevent any further seepage of the epoxy. The top 
of the mold was overfilled, leaving a pool of epoxy on the top of the silicone rubber. Epoxies 
tend to shrink slightly (usually 1 - 2 %), and owing to their low viscosity they also leak easily, so 
it is always necessary to keep an eye on the mold and the level of the epoxy. Any leftover epoxy 
can be kept in the pipette and placed in the refrigerator or freezer in case more is needed later. 

Lower viscosity silicone rubbers generally do not require the use of a vacuum to remove air 
bubbles, nor is it necessary to draw a vacuum on the epoxy before injecting it in a mold. All of the 
air bubbles should have left the epoxy within a few minutes of the second mixing, and slow and 
careful pipetting is usually all that is required. If the first casting is not entirely successful, the 
silicone mold can be reused numerous times. Most air bubbles can easily be filled using fresh 
epoxy and a sharpened bamboo skewer, but if there are too many air bubbles, it is simply easier to 
make a new casting. 

Other useful materials 

Harbutt's Plasticine is an excellent modeling clay (Fig. 14) and has good working properties for 
use as a backing material, or for molds. It can be warmed in the oven to soften it, as it is wax-
based, and then rolled flat inside a plastic bag. If the plasticine is too oily or too waxy (as in this 
case), it can be "dried out" a bit by adding some baby powder (cornstarch and not talc, since talc 
is a silicate and should not be used in direct contact with glass or ceramics). Alternatively, the 
plasticine can simply be dipped in plaster and then kneaded again, to mix the plaster in. 

An excellent dental plaster, with no additives, is French's Diamond "P". Dental waxes come in a 
variety of thicknesses and colors and are usefiil for interior and/or exterior molds (see Suppliers 
list). They do not require a separating agent as the wax can be removed using a petroleum 
distillate solvent that does not affect the epoxy; however, the surface will be matt in appearance. 
If a glossy surface is required, it is preferable to use a silicone rubber and to take the mold from a 
very shiny surface, such as the glass itself (Figs. 15 and 16). It is also possible to do a detachable 
fill (Koob 2000) using plaster, coated with Krylon spray, as an intermediate step. 

A few more useful materials include Scotch 3M tapes, Transparent ™, or Masking ®, which do 
not interact adversely with any of the epoxies. Other tapes should always be tested, as the 
adhesive in the tape may produce an unwanted color change in the epoxy. 

Storing Unused Epoxies 

Unused batches of epoxy can be kept in the refrigerator in film canisters or glass weighing jars for 
short periods in case of the need for touching up flaws and/or air bubbles in the initial casting. 
With the exception of Epotek 301, they should be useable for 24-36 hours, even if the hardener 
has been added. Hxtal and Epotek 301-2 can be kept in the freezer, and should be useable for at 
least 10 days, even after mixing. If a precisely mixed color is needed for multiple castings, it is 
recommended that the resin color mix, without hardener, be kept in the refrigerator until the 
project is completed. Some of the epoxy resins will crystallize over time, but can be gently re-
warmed back to a liquid phase, without any apparent problems. 
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Finishing 

Finishing can be done with a variety of materials, including solvents (in the first 24 hours), 
mechanical carving or abrasives (Fig. 17). Touch-ups can also easily be done using fresh epoxy, 
either to fill air bubbles or to apply a final overall coating to produce a shiny surface. Air bubbles 
can usually be filled using a sharpened toothpick and applying a small amount of epoxy to the 
edge of the air bubble; the use of a magnifier is recommended. The epoxy is allowed to flow down 
the side of the air bubble until it fills it to the top. Polishing compounds such as Solvol Autosol 
are useful for achieving a smooth, polished surface on a fill, but should not be used directly on the 
glass object. 

Final Suggestions 

• Avoid fills where possible 
• Work in a CLEAN environment, with CLEAN tools & equipment 
• Work in a climate-controlled environment, preferably 40-55 % RH; 20-25 °C 
• Follow all manufacturers' advice, especially mixing ratios 
• Enjoy your work 
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Sources of Materials (in order of appearance in the paper) 

Hxtal NYL-1: Conservation Support Systems, 924 West Pedregosa Street, Santa Barbara, CA 
93101. 

Epotek 301 and Epotek 301-2: Epoxy Technology, Inc., 14 Fortune Drive, Billerica, MA 01821-
3972, (800)227-2201. 

Fynebond: Fyne Conservation Services, Airds Cottage, St. Catherine's, Loch Fyne, 
Argyl PA25 8BA, Scotland, UK 

Orasol Dyes: Conservators Emporium, 100 Standing Rock Circle, Reno, NV 89511, 
(702) 852-0404. 
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Aspirator vacuum: Fisher Scientific, (800) 766-7000, (www.fishersci.com) 

Harbutt's Plasticine: Conservation Resources, 8000-H Forbes Place, Springfield, VA 22151, 
(800) 634-6932 (www.conservationresources.com). 

"Diamond P" Lab Plaster: Samuel H. French & Co., 4446-50 Cresson St., Philadelphia, PA 
19127, (215) 482-6770. 

Krylon Acrylic Crystal Clear (Spray): Hardware Stores or Hobby Shops 

P-44 Silicone Rubber: Silocones Inc., P.O. Box 363, 211 Woodbine, High Point, NC 27261, 
(910) 886-5018. 

Dental waxes: Paul H.Gesswein & Co., Inc., 255 Hancock Avenue, Bridgeport, CN 06605, 
(800) 243-4466, (gessweinco@aol.com). 

Solvol Autosol: Conservation Resources, 8000-H Forbes Place, Springfield, VA 22151 
(800) 634-6932, (www.conservationresources.com). 

Scotch ™ Transparent Tape, Scotch ® Masking Tape: Hardware Stores or Hobby Shops 
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Figure 1. Epoxy fill, yellowed after over 30 years. 
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Figure 2. Incubator oven. 

Figure 3. Analytical balance for 
precise weighing. 
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Figure 4. Glassware for mixing epoxies. 

Figure 5. Injecting epoxy into a mold. 
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Figure 6. Dissolving dyes. 
Top: initial mixing 
Center: after one hour 
Bottom: after 12 hours 

Figure 7. Coin attached with 
toothpick fragments before pouring 
of silicone rubber. 

168 



Bosworth, et al. AIC Objects Specialty Group Postprints, Volume Ten, 2005 

Figure 8. Silicone molds de-gassing in oven. 

Figure 9. "P-44" clear silicone rubber. 
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Figure 11. Clear, bubble-free silicone 
rubber casting. 
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Figure 10. aspirator vacum and
 desiccator.
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Figure 12. Injecting tinted epoxy into a mold. Figure 13. Over-filling to ensure complete 
penetration. 

Figure 14. Harbutt's grey plasticine. 
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Figure 15. Venetian goblet with loss. Figure 16. Venetian goblet with cast epoxy 
fill, matching refractive index and reflectance 
(before finishing). 

Figure 17. Finished epoxy fills on a Roman 
bottle (same as Fig. 1, with new fills). 
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USING DENTAL MOLDING COMPOUNDS TO RECORD DATA IN ZERO-
VISIBILITY UNDERWATER ENVIRONMENTS 

Claire Peachey 

Conservators use a variety of molding materials in their work, and some of the most helpful are 
those borrowed from the field of dentistry. Working in an underwater or otherwise wet 
environment, dental molding compounds are particularly useful as they are designed to set under 
such conditions. This paper describes the use of a dental molding putty to gain information from 
40-foot long iron submarine buried in a zero-visibility marine environment. 

The American Civil War submarine H.L. Hunley was named after one of its inventors and 
financiers and also one of its many victims. Hunley is famous not only for being a very early 
submarine, but also for being the first submarine to sink an enemy ship. The vessel is constructed 
of an enlarged and modified iron boiler, made of several curved wrought iron plates riveted 
together, with tapered cast iron ends and cast iron conning towers riveted to the plates. Other 
components are glass, wood, leather, and rubber. A crew of eight men in a space less than four 
feet in diameter hand-powered the vessel by turning a central crank that operated the propeller. 

Hunley was built in the private sector in Mobile, Alabama, but with input from military 
personnel; it was then moved to Charleston and taken over by the Confederate Navy as a weapon 
against Union warships that were blockading southern harbors and strangling the economy of the 
South during the Civil War. Not everyone who manned it was in the Navy, however, the crews 
included both military and civilian personnel (see www.hunley.org). 

On the night of February 17, 1864, Hunley rammed a canister of explosive powder into the side 
of the Union blockade ship USS Housatonic, a 206-foot long wooden vessel on duty off 
Charleston, SC. The explosion caused Housatonic to sink in about three minutes. Five crewmen 
were killed; the rest of the crew of about 150 men was rescued by a nearby ship. But Hunley and 
its crew of eight men were never seen again, in spite of extensive searches. The wreck of Hunley 
was finally discovered in 1995 about 1000 feet away from the wreck of Housatonic, in 30 feet of 
water, and completely buried beneath three to five feet of mud. 

An assessment of the submarine site was made in 1996 by a team from the National Park 
Service, the Naval Historical Center, and the South Carolina Institute of Archaeology and 
Anthropology. This team uncovered approximately 25% of the vessel, enough to determine that 
it appeared to be intact and was completely filled with sediment. Over the following few years, 
the decision was made to raise and conserve the submarine because of its historical and 
technological importance. After much preparation, the submarine was raised intact from the 
seabed in August, 2000, and is now in a tank of chilled water in the Warren Lasch Conservation 
Center in Charleston, SC. Four of the iron plates have been removed and the interior has been 
almost completely excavated, revealing hundreds of well-preserved artifacts and the skeletal 
remains of the eight unfortunate crewmen. 

However, before the submarine could be lifted from the seabed, more had to be known about its 
structure and condition. The only information available came from historical sketches and 
descriptions of uncertain reliability, and from the limited exposure in 1996. Oceaneering 
International, Inc., the engineering firm hired to develop and execute the plan to lift the 
submarine from the seabed, needed to know more about the condition of the submarine's metal, 
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so they requested ultrasonic hull thickness measurements and information on the condition of the 
rivets holding the plates together. To collect this information, a team under the direction of the 
Naval Historical Center conducted a two-week excavation season on the site in October, 1999. 

Visibility in the muddy water was absolutely zero, so all of the work was conducted blind. It was 
known from previous work on the site that the surface of the submarine was completely covered 
in a thin, extremely hard concretion and corrosion crust, typical of artifacts buried in marine 
environments. To get information about the rivets, it was necessary to remove concretion from a 
chosen test area using a hammer and chisel. Once the metal surface was uncovered, it was 
possible to feel the squared edges of two plates and a narrow seam, and also a small hole, where 
it seemed that at least one rivet was almost completely corroded away. However, it was 
impossible to see any of these features in the blackness, so it was not clear how to gather the 
required information. 

The head conservator of the Hunley project, Paul Mardikian, acquired a molding material that 
turned out to be ideal: 3M Express STD Firmer Set Vinyl Polysiloxane Impression Material 
Putty. It comes in two parts in separate containers, an orange base and a beige catalyst. To use 
the putty, one must mix equal parts base and catalyst, knead for approximately one minute, then 
press onto the surface to be molded. It sets in approximately five minutes and easily releases 
from the surface. On the Hunley project, the separate containers were taken underwater (with the 
lids loosened to prevent implosion) and the putties mixed and kneaded underwater. The putty 
was easy to use in the difficult diving conditions. 

The molds provided information on the size, shape, spacing, and condition of the rivets. They 
revealed clearly the circular outlines of the rivet heads, and showed that they are nearly flush 
with the hull plate surface, forming a smooth, hydrodynamic surface. They also showed that the 
heads have undergone corrosion and metal loss around the edges. The mold of the nearly empty 
rivet hole showed the tapered shape of the hole. This fully corroded rivet certainly got the 
attention of the engineers, who modified their lifting cradle to provide more support of the 
submarine during the lift. The molds also recorded the striated surface of the iron plate, showing 
the typical grainy appearance of corroded wrought iron, and showed that the plates are butt-
joined. Many of these details could not be discerned by touch alone. 

These rather crude molds provided a wealth of information. First and foremost, they served as 
eyes, allowing the archaeologists and engineers to see things in the zero-visibility environment. 
They provided information on the construction of the submarine, and on the condition of the 
metal. A particular bonus was that the molds became something visual and tactile to bring up for 
others to see; they allowed the team to bring up a "piece" of the submarine for people who could 
not dive on the site themselves. Mardikian made plaster casts of the molds to prevent excess 
handling of the originals, and to make them easier for people to understand. The Hunley project 
has attracted a lot of public attention, with people enquiring about it almost daily, so the molds 
and casts provided others a tantalizing glimpse of the still-mysterious submarine. 

The vinyl polysiloxane putty is quite expensive, approximately $80 for a kit (two jars, 305 ml 
each). Other molding materials can be used underwater, such as silicone rubber, poly sulfide 
rubber, plumber's repair putty, plumber's repair tape, and even plaster of Paris, but they are 
messy, take longer to set, may not provide fine detail, and are not as easy to use in these difficult 
working conditions. 

Thankfully, conservators do not always work in zero-visibility underwater environments. This 
versatile dental molding putty can be used just as easily in full-visibility environments and in the 
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open air (see also Holbrow 2003, in this volume). While it is not necessary to scuba dive to take 
advantage of this very useful material, it is good to know that option is available. 

Suppliers 

Vinyl polysiloxane impression materials are sold under a number of brand names (e.g., 3M, 
Reprosil, Coltene), come in different consistencies, and also come in tubes that allow automatic 
mixing of equal parts base and catalyst. Local distributors for 3M products can be found at 1-
888-364-3577. Two major suppliers of 3M dental products are Sullivan Schein (800-372-4346) 
and Patterson Dental (800-328-5536). 

Reference 

Holbrow, Katie. 2003. Conservators Anonymous: Post-its from the Edge. AIC Objects Specialty 
Group Postprints, Volume 10. Washington DC: American Institute for Conservation. 

Author's Address 

Underwater Archaeology Branch, Naval Historical Center, 805 Kidder Breese Street, SE 
Washington, DC 20374-5060, (claire.peachey@navy.mil). 
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NMAI GOOD TIPS: APPLICATION AND BULKING OF CYCLODODECANE, AND 
MASS PRODUCTION OF SUPPORTS 

Rachael Perkins Arenstein, Norine Carroll, Jennifer French, Emily Kaplan, Angela Yvarra 
McGrew, Ashley McGrew, Leslie Williamson 

1. Introduction 

The Conservation Staff at the National Museum of the American Indian has compiled several 
recommendations for the application and bulking of Cyclododecane, and for the mass production 
of easy object supports. 

The section on cyclododecane lists tools that have been tested in the NMAI lab, with guidelines 
for determining which tool may be suitable for either pinpoint control or for covering larger 
surface areas. Bulking the cyclododecane with Japanese tissue paper or cellulose pulp is 
recommended for filling large, gaping joins or spaces. 

The sections on easy object supports show and explain designs for economical beanbags, 
specialized trays with corresponding inserts, and rings for supporting round-bottomed ceramics. 
These archival supports are suitable for use when moving objects from location to location, or for 
permanent re-housing. 

[Editor's note: For this volume, the tips have been reformatted (with the approval of NMAI) as a 
single document, with two lists of suppliers: one for cyclododecane and one covering all the 
supports. The tips are also available from the OSG website in the original format as individual 
handouts (http://aic.Stanford.edu/conspec/osg/info.htm)]. 

2. Application and Bulking of Cyclododecane 

Cyclododecane, a wax-like volatile cyclic alkane, has been used successfully to temporarily 
stabilize some of our most friable ceramics. Unlike many waxes, cyclododecane cools quickly, 
leaving little working time. The application tools shown in Figure 1 may assist in quickly placing 
the material where it is needed. 

2.1 Tools for Application 

A. Disposable glass pipette. This is our most frequently used tool, available from most scientific 
supply companies. It can be placed directly on the hotplate to clear a blockage. The pipette can 
also be used to fill the tjanting tool and batik ball (see below). 

B. Metal dropper. Although the metal works well to retain the heat, the dropper is a little too 
small to work with comfortably. 

C. Three-piece turkey baster. The metal tip keeps the cyclododecane from pouring out. The large 
size allows enough wax to be drawn up to easily cover a large area. 
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D. Thermal syringe jacket. This is used with an Englebrecht WZII control unit. The heated jacket 
keeps the wax molten at about 58° C, however, it can be difficult to refill the syringe. 

E. Batik ball. This and the tjanting tool are designed for the controlled application of wax to 
fabric. Used with the Englebrecht WZII control unit, the batik ball is easy to fill with the glass 
pipette, and flow is controlled by the angle at which the tool is held. The batik ball allows for 
pinpoint control, and holds enough wax to be able to work efficiently. 

F. Electric tjanting tool. This tool comes with its own regulator. The flow is controlled by lifting 
the pin in the reservoir. Unfortunately, the reservoir is small and must be frequently refilled. A 
blockage can be cleared with a pin or other thin sharp object, Care must be taken not to damage 
the hole, which could prevent the pin from operating properly. 

Figure 1. Application tools for cyclododecane. 

2.2 Bulking Up the Cyclododecane 

Cyclododecane will go further if 
large gaps are filled with another 
material and then covered with the 
melted wax. In the example pictured 
in Figure 2, the gap has been filled in 
with cellulose pulp. A very large 
archaeological ceramic vessel with 
numerous gaping joins was prepared 
for packing by filling the space with 
rolls of Japanese tissue paper, set in 
place with the cyclododecane. When 
the wax has sublimated the fill 
material can be removed using fingers 
or tweezers. A bulking agent will 
slow the sublimation process of the 
cyclododecane. 

Figure 2. Gap filling with paper pulp. 
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3. Mass Production of Supports: Bead Bumper 

These supports were designed to help move small objects and to easily count large numbers of 
beads. These supports are used as tray inserts by NMAI but could also be used as permanent 
liners for shelving and drawers. 

3.1 Materials 

1/8" Ethafoam sheet, Tri-Rod foam, foam knife, glue gun. 

3.2 Instructions (see Fig. 4) 

1 .Cut the foam sheet to the size of the base. 

2. Cut a piece of Tri-Rod foam the same length as the perimeter of the base. 

3. Using a foam knife, make angled cuts part way through the foam in three places corresponding 
to the dimensions of the base; bevel the ends so that they fit together at a right angle. A jig 
(shown in Fig. 4) can be constructed to enable several pieces of rod to be notched at the same 
time. 

4. Cut the rod lengthwise in half; each rod will make two bumpers. 

5. Glue the flat side of the Tri-Rod down onto the Ethafoam sheet. Apply the glue close to the 
inner edges to prevent anything from slipping underneath 

Figure 3a (left), b (right). Bead bumpers used as 
tray inserts. 
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Figure 4. Construction of bead bumpers. 

4. Mass Production of Supports: Bead Counter 

4.1 Materials 

Cardboard, Vi" Volara, 1" diameter pipe sharpened at one end, hot melt glue and glue gun, 
screws, board. 

4.2 Instructions (see Figs. 5 and 6) 

1. Cut a piece of cardboard for the base in the size you require. 

2. Cut the Vi" Volara the same size as the cardboard, and secure the edges with hot melt glue. 

3. Using a pattern, cut evenly spaced circles through the Volara with a 1" diameter pipe 
sharpened at one end. 

4. Cut 1/8" Volara slightly bigger than the size of the board. 

5. Place a drop of hot melt glue onto the cardboard through each hole in the V4" Volara. Place the 
1/8" Volara sheet on top and apply pressure. This is most successful with a tool such as the screw 
press, shown in Figure 6, which is designed to make a depression in each pre-cut hole. 

6. To finish the tray glue a trim of V4" backer rod around the edges to prevent any beads or other 
small objects from rolling off. 
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Figure 5. Manufacture of bead 
counter. To the right are the pattern 
and the sharpened pipe. To the left, 
the screw press used to apply 
pressure after applying the glue. 

Figure 6. Completed bead counter. 

5. Mass Production of Supports - Bean Bags 

Leather or fabric-covered lead shot beanbags are a luxury, but a lighter-weight, less expensive 
alternative can be made using Tyvek filled with polypropylene pellets. They can be made any 
shape and size, including squares, circles and long "snakes". They are flexible and versatile 
supports. 

Figure 7. Beanbags of different shapes used in trays to cushion and separate objects. 
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Figure 8. Beanbag used as a support for a pot. 

5.1 Materials 

Soft Tyvek, resin pellets, polyethylene bags, sewing machine or heat sealer. 

5.2 Instructions (see Figs. 9 a-d) 

1. Wash the Tyvek in the washing machine on a warm cycle, then dry on a low heat setting. 

2. Cut the Tyvek to size. 

3. With the slick side facing in, sew or heat seal 3 of the 4 sides together, then turn inside out. 
The slick side should then be facing out. 

4. If using a sewing machine, fill the bag Vi to 2/3 full and sew the 4th side closed. 

5. As heat-sealed seams have proven to be weaker than sewn ones, if using a heat sealer it is 
recommended that the pellets be placed first into a polyethylene liner bag, which can be heat-
sealed closed. Small holes should be made in the plastic bag to let the air out, making the bag to 
be more flexible. The liner bag with pellets can then be placed inside the Tyvek bag. 
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Figure 9 a-d. Construction of beanbags: sewing and turning, filling, 
inserting a liner, the 4th side closed. 
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6. Mass Production of Supports: Pot Rings 

Custom sized pot rings can be easily made with backer rod and twill tape, or Tri-Rod and glue. 

6.1 "Hotdog" Backer Rod Rings 

The technique is named for the way the twill tape is inserted into a groove in the foam. It works 
well for shallow baskets and pots. 

6.1.1 Materials 

Backer rod, Ethafoam, twill tape, foam knife. 

6.1.2 Instructions (see Figs. 11 a-d) 

1. Cut a length of backer rod foam; bevel the edges (Fig. 11a). 

2. With a foam knife, slice a groove in the foam and insert a piece of twill tape (Fig. 1 lb). 

3. Pull tight and tie (Figs. 11 c, d). 

Figure 10. Custom sized pot ring. 

183 



Arenstein, Carroll, ei al. AIC Objects Specialty Group Postprints, Volume Ten, 2003 

Figure 1 la-d. Construction of backer rod rings: cutting the backer 
rod, cutting a groove in the rod for the twill tape, pulling the tape 
to close the circle, finished ring. 

6.2 Tri-Rod Rings 

This technique takes advantage of the natural angle of the rod to ensure surface contact with the 
pot. 

6.2.1 Materials 

Tri-Rod foam, foam knife, glue gun, stretch wrap. 
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6.2.2 Instructions (see Figs. 12 a-d) 

1. Cut a length of Tri-Rod. 

2. With a foam knife cut out triangular wedges, evenly spaced. Cut almost to the edge, but not all 
the way through (Figs. 12a, b). 

3. Press the tip of the glue gun into one end of the foam to create a small pocket, and fill the 
pocket with glue (Fig. 12c). 

4. Bind with stretch wrap to hold the ends together while they set (Fig. 12d). 

Figure 12 a-d. Construction of Tri-Rod rings: cutting the notches, notch cut in foam, 
applying the glue, wrapping with stretch wrap while glue sets. 
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Suppliers: Cyclododecane 

Baster set, stainless steel with injector needle: $7.99 from Bed Bath and Beyond, 
(www.bedbathandbeyond.com). 

Cellulose SS122 filter pulp (manufactured by Schleicher and Schnell Microscience, Inc.): 500cc 
for $10.23, from Fisher Scientific Co., Tel (800)766-7000, (www.fishersci.com). 

Cellulose powder CF-11 (manufactured by Whatman): 500g for $65.60, from Fisher Scientific. 

Cyclododecane (cyclic hydrocarbon solid c12H24): 500g for $25, 1 kg for $45 from Kremer 
Pigment, 228 Elizabeth Street, New York, NY 10012, Tel (800) 995-5501, (212) 219-2394, 
Fax (212) 219-2395, (www.kremer-pigmente.de) 

Electric tjanting tool and regulator: Product No: ETJ, $59.95 from Dharma Trading Company. 

Engelbrecht WZII control unit and heat spatula arm: $310 for unit, $44 for heat spatula arm from 
Kolner L.L.C., 23 Grant Avenue, New Providence, N.J. 07974, Tel (718) 802-1659. 

Syringe thermal jacket for use with the Engelbrecht WZII Unit and heat spatula arm: 5ml size for 
$250, 10ml for $276 and 15ml for $303; uses 0.4 x 25 mm needle; unit heats contents of syringe 
to 58°C ± 5°. Available from Kolner L.L.C. 

Batik ball, for use with the Engelbrecht WZII Unit and heat spatula arm: $40 from Kolner L.L.C. 

Glass pasteur pipettes, disposable, borosilicate glass: 5 250 for $17.88 from Fisher Scientific, 
Tel (800) 766-7000, (www.fishersci.com) 

Metal batik dropper pen: $2.99 each from Dharma Trading Company; Tel (800) 542-5227, 
(www. dharmatrading. com) 

Suppliers: Object Supports 

Bags, polyethylene: available from Associated Bag Company, 400 West Boden Street, 
Milwaukee, WI 53207, (www.associatedbag.com). 

Foam rod, circular, polyethylene: available from Kenseal Construction Products Corp., 10501 
Tucker Street, Beltsville, MD 20705, Tel (301) 595-4044, Fax (301) 595-3261; also from 
Nomaco, 501 NMC Drive, Zebulon, NC 27597, Tel (800) 345-7279, Fax (919) 269-7936, 
(www. nomaco. com) 

Foam rod, triangular ("Tri-Rod" brand): available from Granite State Log Homes, 773 Tenney 
Mountain Highway, Plymouth, NH 03264, Tel (603) 536-4949 or (800) 585-9605, Fax (603) 
536-2980, (www.granitestateloghomes. com) 

Foam sheet, polyethylene (Dow Ethafoam): available from Rempac Foam Corporation, 61 Kuller 
Road, P.O. Box 2585, Clifton, NJ 07015, Tel (973) 881-8880, Fax (973) 881-9368, 
(www.rempac.com). 
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Foam sheet, polyethylene (Volara brand): available from Reilly Foam, 1101 Hector Street, 
Conshohocken, PA 19428, Tel (900) 603-FC>AM or (640) 834-1900, Fax (610) 834-0769, 
(www. reillyfoam. com). 

Heat sealer: Impulse Autosealer (foot operated single element horizontal sealer): 12"- 24" seal, 
$292.13 to $407.14, from McMaster Carr, P.O. Box 440, New Brunswick, NJ 08903-0440, Tel 
(732) 329-3200, Fax (732) 329-3772, (www.mcmastercarr.com). 

Hot melt glue gun, low temperature (Polygun LT, manufactured by 3M), and low temperature 
glue sticks (ethylene vinyl acetate copolymer, 3M #3792 LMQ): available from Tape Systems, 
Inc., 460 East Sandford Blvd., Mount Vernon, NY 10550, Tel (914) 668-3700, Fax (914) 668-
3987, (www.tapesys.com). 

Knives, food service: 6" produce knife (square-tipped) $14.02, 8" fillet knife (pointed-tip) $17.70, 
from McMaster Carr, P.O. Box 440, New Brunswick, NJ 08903-0440; Tel (732) 329-3200, 
Fax (732) 329-3772, (www.mcmastercarr.com ). 

Resin pellets, polyethylene or polypropylene: available from PolyOne Distribution. Contact Joan 
Barton, sales representative, (845) 566-3896, (joanbarton@polyone.com) 

Stretch wrap, polyethylene: available from Preferred Plastics, P.O. Box 657, Nutley, NJ 07110, 
Tel (973)759-1510. 

Tab and slot trays: manufactured and sold by Coroplast, 700 Vadnais, Granby, Quebec, J2JIA7, 
Tel (800) 361-5150, Fax (450) 378-0835. 

Tubing, polyethylene: available from Westlake Plastics Company, West Lenni Road, P.O. Box 
127, Lenni, PA 19052, (www.westlakeplastics.com). 

Twill tape: unbleached 100% cotton tape available from University Products, 517 Main Street, 
P.O. Box 101, Holyoke, MA 01041-0101, Tel (800) 442-7276, Fax (800) 532-9281, 
(www.universityproducts.com) 
Bleached and unbleached cotton tape also available from McMaster Carr, P.O. Box 440, New 
Brunswick, NJ 08903-0440, Tel (732) 329-3200, Fax (732) 329-3772, 
(www. mcmastercarr. com). 

Tyvek (high density spunbonded olefin sheet, #1443R> manufactured by DuPont): available from 
Material Concepts, Inc., 7701 State Road, Suite A, Philadelphia, PA 19136, Tel (215) 338-6515, 
(www. materialconcepts. com). 
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RESEARCH ON IDENTIFYING ORGANIC PESTICIDE RESIDUES AT THE NATIONAL 
MUSEUM OF THE AMERICAN INDIAN 

Jenifer Bosworth, Jessica Johnson and Rolf Hahne 

Introduction 

Pesticides have long been used by museums and collectors to protect objects from insect infestation. The 
use of chemicals and substances lethal to insects may have preserved the physical manifestation of many 
objects, but it has also served to place those who handle contaminated objects at risk. 

As part of its mission to protect, support, and enhance the development, maintenance, and perpetuation of 
Native culture and community, the National Museum of the American Indian (NMAI) has an inclusive 
program to repatriate sacred and ceremonial items and objects of cultural patrimony to their culturally 
identified lineal descendants throughout the Western Hemisphere. 

NMAI acknowledges a responsibility to inform recipient communities about the possible presence of 
pesticides on repatriated objects (Fig. 1). The museum strives to provide as much information as possible 
to repatriating tribal communities and to museum staff in contact with NMAI collections about pesticides 
that may be present on objects. 

Figure 1. Jessica Johnson discusses test procedures with 
NMAI Community Services staff. 

In order to fulfill this responsibility NMAI has been conducting research to evaluate its pesticide use 
history, and to develop methods to test for the presence of pesticides. A recent historical 
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review of the museum's documentation on pesticide use in its collections revealed that organic fumigants 
such as naphthalene, paradichlorobenzene and dichlorvos were widely used as pesticides (Fig.2; Pool 
2001). 

Figure 2. Label found on NMAI object during historical review. 

The NMAI Conservation Lab has been conducting non-destructive in-house qualitative testing for 
inorganic substances (including arsenic and mercury) on objects and in storage areas for a number of years, 
but did not have a method for evaluating the presence of organic pesticides. 

In May 2002, NMAI Conservators Jessica Johnson and Jenifer Bosworth collaborated with Dr. Rolf 
Hahne, Director of the Environmental Health Laboratory at the University of Washington, to test a 
protocol devised by Dr. Hahne for the non-destructive sampling and analysis of semi-volatile organic 
pesticides on museum objects (Fig. 3). 
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Figure 3. Rolf Hahne and Jenifer 
Bosworth test the sampling procedure. 

What are organic pesticides? 

Organic pesticides are carbon-based compounds that include chemicals and products such as 
naphthalene and paradichlorobenzene (mothballs), dichlorvos (No Pest Strip®, Vapona, DDVP), 
and pyrethrins. 

These pesticides are applied as solids (dusts, flakes, mothballs) and as liquids (sprays, dips) which 
sublime into a gaseous state, acting as a fumigant. The vapors from these materials kill insects and 
work best in tightly closed spaces (Fig. 4). 

Figure 4. Commercial organic pesticides. 
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In order to combat infestations at NMAI, pesticides were applied directly to specific objects at the 
Research Branch, the collections storage site in New York City. Mothballs or flakes were added 
to the storage container, or objects put into fumigation chambers. No Pest Strips® were hung in 
some storage areas and, at times, entire storage vaults were sealed off and fumigated (Fig. 5). 

Figure 5. A storage vault at the NMAI Research Branch facility. 

Most organic pesticide residues are expected to volatilize over time, if the container holding a 
treated object is not airtight. Despite this expectation, conservators at NMAI have noticed a 
'pesticide smell' coming from many objects, especially during humidification treatments. 

Health hazards associated with organic pesticides commonly used at the NMAI 

Figure 6. Museums finally realized that pesticides on objects 
can be as big a problem as the insects. 
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Sensitivity to organic pesticides used at the NMAI can vary greatly depending on the individual, 
the exposure time and the level of exposure. 

Naphthalene 

Acute (short-term) exposure of humans to naphthalene by inhalation, ingestion, and dermal 
contact is associated with hemolytic anemia, damage to the liver, and neurological damage. 
Cataracts have also been reported in workers acutely exposed to naphthalene by inhalation and 
ingestion. Chronic (long-term) exposure of workers and rodents to naphthalene has been reported 
to cause cataracts and damage to the retina. Available data are inadequate to establish a causal 
relationship between exposure to naphthalene and cancer in humans. The EPA has classified 
naphthalene as a Group C, possible human carcinogen. (Environmental Protection Agency 2003) 

Paradichlorobenzene 

Acute exposure to the vapors of this chemical can cause redness, irritation, and burning of the 
eyes with tearing, runny nose, and irritation of the throat. Excessive inhalation of vapors can be 
weakly anesthetic, causing depression of the central nervous system with symptoms of dizziness, 
headache, nausea, vomiting, anorexia, tremors, and increased deep tendon reflexes. Contact with 
the skin can cause irritation and blistering, and occasionally sensitization. Chronic exposure may 
cause liver and kidney damage, jaundice, abdominal tenderness, and blood disorders, including 
leukemia and hemolytic anemia. Repeated exposure of the skin of paradichlorobenzene can cause 
eczema with drying and cracking of the skin. (Occupational Safety and Health Administration 
1999) 

Figure 7. Naphthalene molecule. 

CI 

CI Figure 8. Paradichlorobenzene molecule. 
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Dichlorvos 

CH30 ̂  ^ o 

CH3O ^ ^ OCH = CCI 2 

Figure 9. Dichlorvos molecule. 

Acute (short-term) and chronic (long-term) exposures of humans to dichlorvos results in the 
inhibition of the enzyme acetylcholinesterase, with neurotoxic effects including perspiration, 
vomiting, diarrhea, drowsiness, fatigue, headache, and at high concentrations, convulsions, and 
coma. No information is available on the reproductive, developmental or carcinogenic effects of 
dichlorvos on humans. A study by the National Toxicology Program (NTP) reported an increased 
incidence of tumors of the pancreas, mammary glands, and forestomach in animals. EPA has 
classified dichlorvos as a Group B2, probable human carcinogen. (Environmental Protection 
Agency 2003) 

The most common effect of skin exposure to pyrethrum is a rash, which may be associated with 
intense itching and blister formation. Hay fever-like symptoms, wheezing and breathing difficulties 
may occur from exposure to pyrethrum by inhalation. An allergic reaction causing weakness and 
collapse may occur in sensitive individuals. Pyrethrum may irritate the eyes. (Occupational Safety 
and Health Administration 1999). 

Pyrethrins 

0 

H H 

Figure 10. Pyrethrin molecule. 
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Testing for semi-volatile organic pesticides 

Representatives from tribal communities requesting the repatriation of artifacts are advised of the 
tests for pesticides on objects that the NMAI is able to provide. The representatives are informed 
of testing procedures, including wipe and swab sampling, the newly available hand-held Niton 
XRF analyzer and the following organic pesticide protocol. It is also made clear that all the tests 
are only able to identify the presence but not the amount of contaminants on an object. Tests for 
pesticides on objects considered for repatriation are only performed with the approval of the tribal 
communities. 

Materials for semi-volatile organic testing protocol: 

• Tedlar T film (TR20SG4) [1] 
• Heat sealer 
• Valve for filling and evacuating fabricated Tedlar bag 
• Wrenches: micro-alien, adjustable head 
• Teflon tubing to fit attachments 
• Stop watch 
• Source of high purity nitrogen (or oxygen) 
• Elf pump 
• DC - Lite flow meter 
• Tenax TA thermal desorption tubes for Perkin-Elmer Automatic Thermal Desorber (ATD) 
• Thermal chamber/oven for heating objects to ~ 50° C/ 120 °F 

Figure 11. The object is put into a bag and the bag is sealed. 

Sampling Method 

Step 1: Seal object inside a custom-made Tedlar bag. 

The object to be sampled is sealed inside a bag made of a non-absorptive plastic (Tedlar), 
constructed in-house using a heat sealer. A sampling valve is attached to the bag to allow for 
passage of air and nitrogen (Fig. 11). 
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Step 2: Replace air in bag with nitrogen. 

Air is pumped out of the bag and replaced with six liters of high purity nitrogen gas. 
The evacuation of air and the addition of nitrogen are regulated using a small sampling pump and 
a flow meter (Fig. 12). 

Figure 12. Air in the bag is replaced with nitrogen. 

Step 3: Heat Object. 

The bagged object is placed into an oven warmed to approximately 50°C (122°F). The closed 
sampling valve is attached to Teflon tubing which is threaded through an opening on the top of 
the oven. The object is allowed to warm for 30 minutes. Raising the temperature above room 
temperature causes residual organic pesticide within the object to evaporate into the bag (Fig. 13). 

Figure 13. the bagged object is
slighty warmed in an oven.
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Step 4: Collect Sample. 

After 30 minutes, the six liters of nitrogen in the bag are pumped out and collected in a thermal 
desorption tube. A thermal desorption tube has multiple layers of different materials that trap 
organic compounds when the nitrogen atmosphere from the bag is pumped through the tube (Fig. 
14). 

Figure 14. A sample of nitrogen is collected 
in the thermal desorption tube. 

Step 5: Send Sample for Analysis. 

After sampling, taking care to ensure that none of the volatile material was deposited on the 
transfer line from the bag by heating the line with a hair dryer, the object is removed from the 
oven and from the bag. 

Samples collected by NMAI in desorption tubes were sent, along with a 'blank' tube as a control, 
to the Environmental Health Laboratory, Department of Environmental and Occupational Health 
Sciences at the University of Washington at Seattle to be analyzed for organic residues with gas 
chromatography/mass spectrometry (GC/MS). 

196 



Bosworth, et al. 

Results and Observations 

AIC Objects Specialty Group Postprints, Volume Ten, 2005 

The initial testing trials of this procedure identified the presence of specific organic pesticide 
residues still present on objects known to have been fumigated, including dichlorobenzene, 
dichlorvos and naphthalene. 

The experience of the first tests, as well as subsequent tests undertaken on five objects that are 
candidates for repatriation, has highlighted both positive and negative aspects of the protocol, 
demonstrating the need for further research. An instruction manual was created for the protocol 
after it had been tried a number of times and refined. 

Positive Aspects 

• This method of identification is very sensitive (detection limit - 5 - 10 mg/sample), as 
nearly every organic pesticide has some volatility and will be seen if there is even a small 
residue. 

• The method tests for residues from the entire object and not just from the random location 
chosen for a wipe sample. 

• The method is non-destructive in that no material is removed from the object. 

Negative Aspects 

• The testing procedure can only identify the presence and not the amount of contaminants 
on an object, giving no indication of health risks. 

• The method currently works better for small objects that fit into bags made from one piece 
of Tedlar that require fewer seals. 

• The procedure may put an object through some stress due to the rise in temperature and 
close proximity of the bag when air is removed. This method is not recommended for 
fragile objects or objects with fragile attachments. 

• The method is time intensive and thus costly. The expense of GC/MS analysis may be 
prohibitive for some institutions, although the expense is similar to some analyses done for 
inorganic pesticides. 

It may be possible to overcome the difficulties of testing larger objects, and close contact of the 
Tedlar with the object, by constructing a box framework around which the Tedlar could be sealed 
after the object is placed inside. The Tedlar could be heat sealed, rolled and taped for better seals 
and the framework would keep the Tedlar from contact with the object. 

Continuing Work 

Investigation into a different sampling method using solid-phase micro extraction (SPME) is 
currently underway in conjunction with Mark Ormsby, a physicist at the National Archives. The 
SPME sampling technique alleviates the issues of temperature change and ease of use posed by 
steps 2, 3 and 4 described above. 
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Endnote 

1. Tedlar, a polyvinyl fluoride film made by DuPont, is inert in response to a wide variety of 
chemicals and solvents. The film is non-absorptive, containers no plasticizers and can be heat 
sealed to form a bag. 
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A BASKET CASE: REPAIR OF A BAMBOO BASKET USING FALSE WARPS OF 
JAPANESE TISSUE AND WIRE 

Candis Griggs-Hakim 

A Japanese bamboo basket from a private collection was brought into the author's studio in 2001. 
The basket had been broken into three pieces ~ top half, bottom half, and base - by the owner's 
curious toddler. In the process, a 3 cm-high area of openwork in the center of the basket had 
been picked apart into dozens of small detached fragments, so that not a single join remained 
between the top and bottom halves. Complicating the repair further was the fact that the top half 
of the basket was relatively heavy, due to its bamboo-root handle. It was determined that the area 
of openwork would have to be partially recreated in order to both honor the original design of the 
basket and to compensate for a significant difference in diameter between the top and bottom 
halves. 

Strong, stable, non-original warps were fashioned out of galvanized steel wire [1] set within a 
sandwich of mulberry tissue with wheat starch paste. Once dry, the strips were toned with 
watercolors and trimmed to mimic the actual bamboo warps. The false warps were then adhered 
to the basket interior via twists of long-fibered Tengujo tissue dipped in wheat starch paste and 
toned with watercolors. The stages of treatment are illustrated below. 

Figure 1. The damaged basket before treatment. Not pictured are 
dozens of detached warp, weft, and diagonal fragments from the 
open-work area. 
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Figure 2. The largest of the detached fragments: two pairs of wefts with five barely 
attached warps. Twists of Tengujo tissue dipped in wheat starch paste were used to 
secure the warps so that the original location of the fragment could be found. 

Figure 3. The same fragment after re-adhering to the basket via flat strips of 
Tengujo tissue, applied across the interior break edges. Note the not-yet-toned 
tissue twists at the far left of the fragment, and pale areas on the warps 
indicating lost diagonals. 
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Figure 4. Detail during warp repair. The area of repair is covered with silicone 
release paper and sandwiched on both sides with 1/8" Ethafoam and magnets 
while the adhesive on the tissue strip sets. 

Figure 5. "False Warps" in progress. 32-
gauge galvanized steel wire is stretched 
across a table, held down with tape and 
raised slightly with clothespins. Strips of 
mulberry tissue have been wetted with 
wheat starch paste and folded around the 
wire. These wire sandwiches were later 
toned with water-colors to mimic the 
bamboo, then trimmed to the same width 
as the real warps with scissors. 
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Figure 6. False warps in place. The warps were applied every few centimeters 
along the break edge of the top half of the basket first, using Tengujo tissue 
twists as above. Once the adhesive had set, the top half was lowered onto the 
bottom half and the warps adhered to the bottom half in the same way. 

Figure 7. Quarter-inch thick Ethafoam 
wedges supported the weight of the top 
and kept the two halves the desired distance 
apart while the paste dried on the twists 
adhering the warps to the bottom half of the 
basket. 
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Figure 8. Once the two halves were joined, detached weft fragments from the 
openwork area were re-attached with tissue twists wherever possible. Here 
thread and wire are used to hold a segment in place while the adhesive sets. 
Loose diagonal fragments were not re-adhered. Additional treatment steps included 
adhering the base segment to the basket, toning all Tengujo repair strips and twists, 
and trimming off excess length from the false warps. 

Figure 9. The basket after treatment. The 
wire-in-tissue warps helped to retain the 
artist's intended design, proved strong 
enough to support the top half of the basket, 
and were all but indistinguishable from the 
actual bamboo. 
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Endnotes 

[1] The author used galvanized steel wire due to its ready availability. However, stainless steel 
wire as supplied by beading and jewelry suppliers would have equal or superior corrosion 
resistance and is available in a wide variety of gauges and weaves. 

Suppliers 

Ethafoam (polyethylene foam, manufactured by Dow), 1/4" and 1/8" thicknesses: Conservation 
Support Systems, 924 West Pedregosa Street, Santa Barbara, CA 93101, Tel (800) 482-6299, 
Fax (800) 682-2064, (www.silcom.com/~css/). 

Magnets and water color paints: art supply and craft stores 

Mulberry Tissue (45 gms) and Tengujo Tissue (7.5 gms): Talas, 568 Broadway, New York, NY 
10012, Tel (212) 219-0770, Fax (212) 219-0735, (talasonline.com). 

Silicone Release Paper: Conservator's Emporium, 100 Standing Rock Circle, Reno, NV 89511, 
Tel (775) 852-0404, Fax (775) 852-3737, (www.consemp.com). 

Galvanized Steel Wire, 32 gauge: hardware stores 

Wheat Starch- Pregelatinized: Conservation Support Systems, 924 West Pedregosa Street, Santa 
Barbara, CA 93101, Tel (800) 482-6299, Fax (800) 682-2064, (www.silcom.com/~css/) 
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CELLOPHANE IN COLLECTIONS 

Anne Léculier 

Cellophane Objects from Vietnam 

In 2003 the American Museum of Natural History presented Vietnam, Journeys of Body, Mind 
and Spirit, an exhibition illustrating Vietnamese culture in the early 21st century. Lanterns from 
this exhibition, made with cellophane stretched over a bamboo structure, showed unusual 
conservation problems. The cellophane on these objects split soon after arrival from Vietnam. 
Uncoated cellophane is a very hygroscopic material and these objects, with the movement of the 
cellophane constrained by the structure of the lantern, exhibited extreme sensitivity to low RH 
levels. 

The objects were manufactured in Vietnam, where the average humidity is 80-90% and rarely 
drops below 70%. At the time of construction, when stretched over the bamboo framework, the 
cellophane had a high moisture content. Climate controlled areas at the museum are at 70°F and 
50% RH. Even in this environment the objects were under considerable strain as their moisture 
content lowered, and the cellophane appeared tight and puckered. As winter approached, the RH 
in non-climate controlled work spaces dropped dramatically, with data loggers frequently 
recording levels of 15-25% RH. When moving the lanterns through these spaces it would take 
less then 5 minutes before crackling sounds were heard, a sign that the cellophane was contracting 
further and/or the adhesive failing. On one occasion several panels of a cellophane lantern 
exploded, with multiple fractures, when it was moved from a climate controlled area to an 
uncontrolled area for photography. 

The challenge presented by these objects was to keep them stable by providing an environment at 
the highest RH possible, and to devise a treatment to repair and stabilize those that had split. 

Figure 1. Child with rabbit lantern at the 
Mid-Autumn Festival. This festival was 
once a prelude to the harvest and a petition 
for abundance, but has now become a 
celebration of children. Gleeful children 
parade around their neighborhoods wearing 
colorful masks and carrying bobbing 
lanterns. 
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Figure 2. Market scene. The lanterns are mostly constructed with single sheets of 
uncoated cellophane, paper and foil stretched over open bamboo structures. In 
some cases the lanterns are constructed flat but are designed to be pried open with 
bamboo spacers during festival time, further straining the cellophane. 

The Manufacture of Cellophane 

Cellophane is a solid cellulose film product, developed by Swiss chemist Jacques Brandenberger 
in 1908 following the discovery of the viscose process by English chemist Charles Cross and 
Ernest Bevan in 1891. It is a transparent, strong, flexible sheet, and is produced to many different 
specifications. (Plastic Distributor and Fabricator Magazine, www.mfa.org). 

Cellophane is made using the viscose process with some minor adjustments at the end of the 
procedure. Cellulose is first extracted from raw products: wood pulp or cotton. Raw wood pulp 
with a cellulose content of 50% is treated with acid and steam followed by basic sodium sulfide, 
yielding a 92-98% cellulose product. Raw cotton has a cellulose content of 95%, and when 
treated with 2-5% aqueous sodium hydroxide (which removes impurities) produces 99% 
cellulose. The alpha-cellulose produced has a degree of polymerization (DP) ranging from 1400-
800. Natural cellulose (untreated) can have a DP of up to 10000 (Odian 1981, Heuser 1947, 
Hutchinsl984, Hyden 1929). 

The cellulose, produced as sheets, is soaked in 18-20% aqueous sodium hydroxide at room 
temperature for 20-60 minutes. The sodium hydroxide is physically absorbed, swelling the 
cellulose polymer, forming an unstable alkali-cellulose compound and dissolving the 
hemicelluloses in the caustic solution. The excess alkali is pressed out of the cellulose pulp. The 
pulp is then shredded and left to age over a 2-3 day period under controlled temperature and 
humidity. During this period, through oxidative degradation, the cellulose reaches a degree of 
polymerization of 480-470. The aged alkali-cellulose is converted into an ester, sodium cellulose 
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xanthate, by treatment with liquid carbon disulfide at 25-30°C. This produces a viscous, light 
amber substance called viscose (Heuser 1947, Hyden 1929, Mayhew 2000). 

This viscous solution of alkali cellulose xanthate is ripened at a constant temperature, and then 
extruded as a film into a bath containing 10-15% sulfuric acid at 35-40°C. The acid hydrolyzes the 
xanthate to the unstable xanthic acid, which decomposes without isolation. Thus the cellulose 
precipitates out forming sheets of 100% cellulose that have a degree of polymerization of 360-
350, nearly one quarter that of the original cellulose pulp (Heuser, 1947). The process is 
illustrated in Figure 3. 

Figure 3. Chemical process from natural cellulose to regenerated cellulose. 

After the casting of the regenerated cellulose sheet, it is transferred through successive tanks for 
finishing treatments. Immersion in tanks with fresh water removes residual acid that has carried 
over from the casting tank. It is rinsed in a solution (commonly sodium hydroxide, sodium sulfide 
or sodium sulfite) to remove free sulphur. The sheets are washed again, then bleached (using 
sodium hypochlorite) and washed again to neutralize the bleach bath. Cellophane produced in this 
way is brittle, and therefore is usually plasticized with glycerol, glucose or polyhydroxy alcohols. 
The sheets may also be passed through dye baths, achieving a wide range of colors (Hyden 1929, 
Stecher 1960, Baldwin 1999, www.goodfellow.com). 

Cellophane can be left uncoated, however, it is often coated to improve the water vapor barrier 
and to make it heat-sealable. The coating may be a cellulose nitrate lacquer, such as pyroxylin, or 
more recently polyvinylidene chloride (the same material as Saran Wrap) is the common 
waterproof coating (Seymour and Mark 1990, Plastics Distributor and Fabricator Magazine 
1998). The newest type of water-resistant coating, polyurethane/ poly(methylacrylate) 
interpenetrating polymer networks (IPN), will increase the biodegradability of cellophane film (Yu 
et al. 1999). 

208 



Bosworth, et al. AIC Objects Specialty Group Postprints, Volume Ten, 2005 

Properties of Cellophane 

Cellophane differs from natural cellulose in two ways. First, the average degree of polymerization 
is one quarter its original length. Second, it is less crystalline in molecular structure, and the 
amorphous regions of cellophane compared to those of natural cellulose contain more 
irregularities in the form of chain ends, tangled chains and folded chains. When the amorphous 
regions absorb water molecules, the inter-molecular hydrogen bonds are broken, the distance 
between chains is increased, and surrounding crystalline areas become more amorphous 
(Hatakeyama 1989, Cardamone et al. 1992, Heuser 1947), see Figure 4. 

Fig. 4. Molecular models of the amorphous regions of natural cellulose and 
regenerated cellulose in states of humidification to desiccation. 

These two molecular features explain the increased sensitivity of cellophane (over natural 
cellulose) to changes in relative humidity (Hutchins 1984). A study carried out by Urquhart and 
Eckersall (1932) shows that regenerated cellulose absorbs and desorbs moisture at a higher rate 
then cotton. As was discovered with these lanterns, the rate of desorption occurred rapidly. The 
desiccated cellophane contracted, became glassy in appearance, and irreparable damage from 
splitting occurred. 
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Identification of cellophane 

Uncoated Coated 

Physical 
characteristics 

Water resistant 
Mists up when 
breathed on 

Density 

Solubility 

Pyrolysis 

Additional 
identification 

(Braun, 1982, Coxon, 1993) 

Transparent 
Thin 
Very flexible 
Makes crackling sound when 
crumpled 
Holds crease well 
Becomes limp and cockles 
when wet and damp 
Tears easily once the tear has 
begun. 
Does not stretch easily and 
when forced will remain in a 
deformed shape 
Glassy when desiccated 

1.44 - 1.45 g cm3 (varies depending on additives in the film) 
This is a reliable test as cellophane is one of the densest plastics. 

Insoluble in most solvents including water, ethyl alcohol, ethyl 
acetate, diethyl ether, methylene chloride, benzene, gasoline 

• Ignites easily 
• Continues to burn when removed from the flame 
• Burns like paper; same color flame, same speed of burning 

and same smell 
• The vapors given off are neither acidic or alkaline (neutral) 

Nitrocellulose coatings can 
be identified by dissolving a 
few crystals of 
diphenylamine in 0.5ml 
conc. sulfuric acid, add the 
sample. A blue color is a 
positive identification. 

Cellophane in collections 

Some of the early uses of cellophane are as a packing material for hygienic, functional and 
decorative reasons. The latter addition of a protective coating meant that cellophane packaging 
could be heat-sealed. Previous to this cellophane packets were closed with ties, adhesive or 
adhesive tape. The adhesive tape itself was made with a cellophane backing and some tapes 
continue to be made as such. 
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In the medical industry cellophane was used as a kidney dialysis membrane, a second-skin for 
burns, and was experimented with for procedures such as replacing the membrane covering the 
brain, for tendon transplant, connecting cut nerves, in artery surgery and plastic operations on 
joints (British Cellophane Limited Sales Promotion Department 1955). 

Non-waterproof cellophane was used as a glass laminate for the prevention of condensation build 
up on instrument dials and observation windows. It was used in the plywood and plastic mold 
industry as a separating layer between the mold and the cast. Cellophane"s resistance to 
penetration by oils and grease led to its use in lining tubes conveying gasoline and oil, as well as 
for plugging cracks in the walls of oil wells. This film was once used as a sausage casing, for 
drinking straws, hat linings, braids and ribbon (British Cellophane Limited Sales Promotion 
Department 1955). Cellophane is widely found in the textile industry as an alternative material. 
Some examples of these are toe-puffs for shoes, a woven cellophane hat, decorative cellophane 
flowers, and a cellophane embroidered cape. 

Cellophane can be found in modern textile and fashion collections, medical collections, 
industrial collections, modern art collections, ethnographic collections, and in archival 
collections. It has also been used as a packing material for specimens and artifacts themselves 
and in the adhesive tape that may attach the catalogue information to the artifact/specimen 

Treatment carried out at the American Museum of Natural History 

Damage to the cellophane lanterns was in the form of tears and punctures (Figs. 5-6). The tears 
were multi-forked or single forked, with the cellophane flapping loosely. Repairs were needed to 
prevent further splitting and to restore the objects visual integrity. The issues faced were to join 
the split edges and to allow the cellophane to move as it needs with future changes in relative 
humidity, without disrupting the colorful transparent aesthetic. 

The damaged panels were lined with a clear, lightweight Mylar (polyester) sheet attached with 
spots of adhesive applied along the internal bamboo structure. Each loose cellophane flap was 
similarly spot adhered to the Mylar. The adhesive chosen was polyvinyl acetate AYAH resin 
because of its flexibility at room temperature. In dealing with the torn pieces of cellophane, the 
edges did not come back together because the cellophane could no longer be placed under as 
much strain as it had previously been. 

The treatment was successful in that the lanterns transparency was maintained, the flaps of 
cellophane were secured, and the Mylar lining and adhesive were not visible. The drawbacks are 
that the tears were still visible and the smooth cellophane surface could not be restored. 

The objects were stored and handled in climate controlled spaces and when transported through 
the museum, they were packed in closed polyethylene bags buffered with silica gel to reduce 
potentially damaging fluctuations. 
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Fig. 5. The cellophane on this rabbit lantern 
is visibly taught over the bamboo structure. 

Fig. 6. Several panels on this lantern shattered within 15 minutes of transfer from 
a climate controlled space into a low relative humidity environment. 
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S.S. WHITE TO THE RESCUE: SALVAGING FIRE-DAMAGED BASKETS WITH THE 
S.S. WHITE/PENNWALT AIRBRASIVE UNIT 

Nancy Odegaard, Melissa J. Huber, Lara Kaplan, Teresa Moreno, Cheryl Podsiki 

Three Fire-Damaged Baskets 

Three fire-damaged Tohono O'odham baskets were brought to the conservation lab of the 
Arizona State Museum by a private individual who had purchased the baskets in the 1960's and 
70's. The exterior of the baskets were completely covered with a heavy layer of soot, which 
obscured their surface designs. Preliminary tests with conventional cleaning methods such as use 
of dry cleaning sponges or brush vacuuming proved to be either ineffective or impractical. The 
S.S. White Airbrasive Unit offered a relatively fast, easy way to remove the soot, restoring the 
appearance of the baskets to the point where their design and craftsmanship could once again be 
appreciated (Figs. 1-6). 

Figure 1. Before treatment. Jar-shaped, close coiled basket and flat lid with negative 
coyote track motif, c.1960, maker unknown. Ht: 6.5 cm, Dia: 18.2 cm. 

Figure 2. Basket shown in Fig. 1, after treatment. 
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Figure 3. Before treatment. Jar-shaped, close coiled basket and flat 
lid by Molly Lewis at Ak-Chin. Ht: 19.8 cm, Dia: 13.0 cm. 

Figure 4. Basket shown in Fig. 3, after treatment. 
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Figure 5. Before treatment. Jar-shaped, open coiled basket and lid 
with decorative "wheat stitch," c. 1974, by Margaret Lewis at Ak-Chin. 

Figure 6. Basket shown in Fig. 5, after treatment. 

S.S. White/Pennwalt Airbrasive Unit 

The airbrasive unit (Fig. 7) works by carrying abrasive powder particles in a high velocity gas 
stream through a hose to a tungsten carbide nozzle that precisely directs the flow of abrasive 
particles to the work area. Adjusting air pressure, powder flow rate, and choice of abrasive 
powder controls abrasive action. A cylinder of compressed nitrogen or carbon dioxide provides 
the air supply. The abrasive powder is placed into a mixing chamber within the unit that vibrates 
at a controllable rate. The higher the vibration, the higher the powder flow rate will be. The 
components of the unit provide a controlled mixture of powder particles that is delivered to the 
nozzle. A dust collection system collects spent powder (Pennwalt 1972). 
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Figure 7. The S.S. Pennwalt 
airbrasive unit used in the 
treatment of three fire-
damaged Tohono O'odham 
baskets. 

Abrasive Powder 

Ground walnut shells were chosen for this treatment as the abrasive powder because it would 
remove the soot causing the least amount of damage to the surface of the baskets (Fig. 8). 
Though it worked effectively, the walnut shells did tend to clump and clog the nozzle. It also left 
a tenacious residue on the baskets that later had to be removed. 

Figure 8. Ground walnut shell 
abrasive powder. 
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Tradition 

Contemporary pieces, like those represented here, carry on a long tradition of Tohono O'odham 
basket making. The Tohono O'odham are a Southeastern Arizona tribal community descended 
from the Hohokam culture. Hohokam basketry fragments dating from ca. 800 AD are known. 
Two traditional methods of manufacture include plaited and coiled basketry (Fig. 9). The plaited 
utilitarian items are no longer made, but production of coiled baskets has continued with highly 
skilled production of decorative pieces (DeWald 1979). 

Figure 9. Carrying on a long tradition, a 
Tohono O'odham woman works on a 
contemporary piece 
of basketry. 

Materials 

Tohono O'odham baskets are made using plants native to the Sonoran Desert in southern Arizona 
and northern Sonora, Mexico. There are no dyes used in production of Tohono O'odham baskets. 
The weavers rely solely on the natural color of the desert plants. Before a weaver begins even the 
first stitch, many hours must be spent harvesting and preparing materials. In the Tohono O'odham 
tradition, growing, collecting and preparing these natural fibers requires respect for, and 
knowledge of, the native environment. The coil, or warp, of the basket is made with beargrass 
(,Nolina microcarpa), a long, narrow green grass with sharp edge. White (bleached) and green 
Yucca (Yucca elata) and black Devil's Claw {Proboscidea parviflora), a crawling desert vine, are 
used to create the stitches, or weft, of each basket (Fig. 10). 
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Figure 10. Native plants used in the production of Tohono O'odham baskets. 

Ethical Considerations 

Air abrasion damages the surface of fragile artifacts through abrasive pressure. The decision to 
clean these baskets with a technique known to cause damage was not made lightly. Before 
proceeding, the ethical issues pertaining to this treatment were carefully considered. In this case, 
the determining factor in favor of air abrasion was that the baskets were part of a private 
collection that had been in a fire and that the owner wanted them restored to as close to their 
previous appearance as possible. In this situation, this treatment was considered a salvage 
operation. Air abrasion could potentially remove material, but charring had already physically 
altered the original surface of the baskets. Aside from the charring, smoke damage, and associated 
minor surface loss, the baskets were in good condition and were thought to be able to withstand 
treatment. It was ultimately decided that the benefits of recovering a closer approximation of the 
baskets' original appearance outweighed the detractions of using air abrasion. With the owner's 
permission, treatment was carried out on the three baskets as an experimental procedure to 
determine if the technique would be viable. The results of the treatment were highly successful. 
This project provided a unique opportunity for students and staff to test and refine an alternative 
treatment method. 

Teamwork 

Collaboration among members of the lab to refine this technique was essential to the success of 
the treatment. Each person brought insight and experience as the treatment proceeded. First, a 
dental vacuum and artist blender brush were used for a preliminary surface cleaning (Fig. 11). 
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Figure 11. Melissa Huber, Conservation 
Assistant, performs preliminary surface 
cleaning on a basket lid. 

The majority of the soot was removed from the exterior of the baskets by using powdered walnut 
shells in an S.S. White, Pennwalt airbrasive unit (Fig. 12). 

Figure 12. Lara Kaplan, Conservation Intern, uses the S.S. White 
Airbrasive to remove soot from the exterior of a basket. 
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Though abrasive damage to the surface of the baskets was inevitable with this treatment, steps 
were taken to ensure that this damage would be minimal. The airbrasive unit was used at low 
pressure (between 40 and 60 psi) with crushed walnut shell powder. Pressure and powder flow 
were adjusted to find the optimal balance between pressure and cleaning power. In general, it was 
found that using lower pressures with higher powder flow removed soot with less damage to the 
surface. Holding the air abrasive nozzle at a perpendicular angle to the surface of the basket and 
moving the nozzle with the grain of the stitches reduced the incidence of this type of loss. A shield 
made from thick plastic sheeting in which a window was cut also lowered the potential for 
damage by minimizing exposure of the rest of the basket to scattered walnut shells (Fig. 13). 

Figure 13. During treatment photograph of a basket lid with tools 
and plastic shield. 

Following the airbrasive treatment, an airbrush unit (Badger Air-Brush Co.) was used to direct 
airflow onto the basket to remove walnut shell dust. The dental vacuum and brush were again 
used to gently remove any remaining dust from the exterior and interior of the baskets. Small 
polyurethane sponges were used to gently reduce any remaining soot and dust (Fig. 14). 

As expected, the treatment caused shallow pitting to the surface of the basket. The visual impact 
of the pitting was difficult to determine, since the surface had already been altered by the fire 
damage. However, it appeared to be minor. A more serious and visually distracting form of 
damage occasionally occurred when the top layer of especially fragile areas of yucca leaf would 
lift in the current of the airflow and break. Fragile damaged areas were secured with methyl 
cellulose. Areas of noticeable loss were inpainted with gouache artist paints, after first applying a 
barrier layer of methyl cellulose (Figs. 15, 16, 17). 
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Figure 14. Nancy Odegaard, Conservator 
and Head of Preservation, utilizes an 
airbrush unit to remove excess abrasive 
powder. 

Figure 15. Cheryl Podsiki, Kress Conservation Fellow, secures fragile 
damaged areas with methylcellulose. 
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Figure 16. Before treatment. Area of damage to the top layer of fragile 
yucca leaf as a result of the abrasive airflow. 

Figure 17. After treatment. 
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Finally, a light coating of Renaissance micro-crystalline wax was applied with a dry cotton muslin 
cloth to the exterior of the baskets to protect the fibers and inpainted areas, as well as to restore 
some of the original sheen of the fibers (Fig. 18). 
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Figure 18. Teresa Moreno, Assistant 
Conservator, applies a coating of micro-
crystalline wax to the exterior of a basket. 
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