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scale bar Tmm.

Stretching the skin on a frame allows the parchment to dry flat.
The same method is used in flattening parchment documents,
under tension and under light stretching.

A fourteenth-century parchment document secured in a string
window mat, replicating the original process of stretching the
parchment.

Results of exposure to high humidity: microbiological damage
and deformation of parchment. This fourteenth-century
illuminated parchment was exposed to high humidity which
promoted fungal growth. Fungi-induced damage is visible as
holes in the bottom left portion. Note the pinkish discoloration
around the stains. Additional damage to the image was caused by
acidic green pigment verdigris.

The deformation of this fifteenth-century parchment indicates
exposure to high humidity. Paper sheets were later pasted over
the parchment, in the seventeenth century. Although the adhesive
dried out and the paper sheets got separated, the parchment
remained undulated.

Low humidity and acidic environment have led to so called red-
rot deterioration of leather in a bellows nozzle attachment. The
leather has lost its structural strength and turned into red powder.
(a) Bugatti chair with parchment seat that has split; (b) the parch-
ment was tightly stretched and nailed along the edges to a wooden
frame, which prevented its natural expansion and contraction.
Parchment manuscript, c. tenth century, damaged by bacteria.
Al-Surian monastery. Bacterial deterioration has turned the
parchment into a gelatin-like substance and produced a strong
odor characteristic of skin putrefaction.

Strands of dry sinew. Large animals, such as elk, buffalo and bison
were used as sources of sinew.

Detail of a Native American teepee, NMNH collection. The skin
was sewn with sinew.

Preparation of gut for garment making. St. Lawrence Island
Eskimo. Note in the background skins stretched on round frames
drying on the roof.

Hooded parkas made from seal intestines (gut) were ideal outer
garments for wet weather and ocean travel. They were sewn with
fine sinew thread in a special watertight stitch. These parkas worn
by Aleut hunters are decorated with wool yarn and feathers.
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7.17 A small pyxis on the right retains the shape of the bone from

which it was made. Its outline is marked on the bone’s contour,

on the far left. An example illustrating how the morphology of

bone helps in the identification of an artifact. 184
7.18a Corona base. The roughness of its surface and its shape serve as

diagnostic features in the identification of artifacts. 185
7.18b Arrow-shaft straightener. Morphological features of the antler,

shape of the corona attachment and surface morphology are

traceable in the artifact, indicating the material’s origin. North

Dakota, c. 1870. 185
7.19a  Delaminating, cracking and splitting of ivory follow the “lamella”

pattern, running parallel to the length of the tooth. An unspecified

tool or ornamental piece from Africa, most likely Ivory Coast. 186
7.19b Cross-section of the same ivory artifact shows a concentric pattern

of splits in its bulk, following the “cone-in-cone” structure of the

tooth. 186
7.20  Merino wool fiber; structural components seen in light

microscopy. 189
7.21  Scale cuticle on wool fibers, 50X SEM micrograph. 189
7.22  Porcupine quill, barbed shaft, 50X magnification. 190

7.23  Diagram of feather structure illustrating two main types of feather,
the longer vane and the shorter down. Barbs and barbules are

shown attached to the shaft of a peacock feather. 191
7.24  Peacock feather, close-up of quill and shaft with attached barbules.

Micrograph, scale bar 0.5 mm. 191
7.25  Peacock feather, close-up of pigmented barbules. Micrograph,

scale bar 0.5 mm. 192

7.26  Birdskin parkas worn by Eskimos on St. Lawrence Island. Home

of Oghoolki, Winter House, Alaska. A coat required about eighty-

five crested auklets, thirty-five murrer or puffins, or twenty-five

cormorant skins all stitched together with whale or reindeer sinew. 193
7.27  Decorative fans made of birds’ feathers used to complement

regalia, as seen during the opening ceremonies of the National

American Indian Museum, Washington, DC, 2004. 193
7.28  Baleen plates removed from a bowhead whale, with man on a

ship under the whale’s jaw. 194
7.29  Cross-section of baleen structure showing the tubular structure

inside the plates. 194
7.30  Cross-section of fresh baleen, 105X, illustrating hollow, semi-

circular tubes inside the plates. 195
7.31  Yurt covered with woolen felt. 196
7.32a Cultured silkworms in cocoons are ready for harvest and

processing. 197
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Close-up of silkworm cocoons. Note the fine threads around
each cocoon. The thread will be separated through further
processing and spun into workable filaments.

A cross-section of silk fiber. Two distinct, triangular filaments are
glued together with sericine.

Silk cocoons which have been steamed and boiled to de-gum the
filaments and facilitate separation of threads.

Fine silk thread is being separated from the cocoon. The next
step is spinning it into workable yarn.

Silk picture embroidered on silk fabric stretched on a frame,
mounted on a decorative small stand, height about 14".

A close-up from the same silk embroidered picture showing the
individual stitches.

Silk, shattered as a result of weighting, cannot be safely handled
without support.

Reconstruction of the smelting process used in ancient Egypt.
The arrows indicate the direction of air forced through the
tuyeres, while the black semi-circle represents the crucible.

A sequence of lost-wax casting stages.

Untreated iron object from an excavation on an eighteenth-
century site in Calver County, Maryland. The degradation is so
extensive that the object is unidentifiable and has come apart.

A severe case of pitting corrosion on an aircraft wing. Metal is
perforated on one example (a) and lost on the other (b).
Intergranular corrosion of aluminum on an aircraft cowling.

A micrograph of the sample shown in Figure 8.5, affected by
intergranular corrosion, illustrating loss of structural integrity. 50X.
An example of wrought iron used in a decorative gate, replicating
a historical design.

Tea kettle made of cast iron. Cookware made of cast iron has
excellent heat retention properties.

Iron corrosion protruding to the surface. Corrosion is visible as
rusty spots along the boundaries of paint and gold leaf. Nineteenth-
century Sikh helmet, part of ceremonial armor.

Untreated archaeological iron spikes from a tidal river
environment in California, mid to late nineteenth century.
Heavily corroded metal is exfoliating.

Native American gold pendant. Parts of this ornament were cast
and parts were cut from a sheet, hammered and formed into shape.
It represents a bird with projecting beak. Attributed to Chiriqui
(Zenu) archaeological culture, Ap 500-1500.

Medieval nail, prepared for metallographic examination in a resin.
Dark gray corrosion is visible around the edges by visual
observation.
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8.13  Central area of the same nail, polished and etched, observed
under a microscope, reveals crystalloid forms of ferrite; lighter

areas indicate higher content of phosphorus. 223
9.1  Egyptian papyrus, Book of the Dead Ani, Sheet 15, 19th Dynasty,

showing realgar faded yellow to pararealgar. 229
9.2 Pigment ground from the mineral malachite. Particles of different

size produce pigment of varied intensity. 230
9.3 Group of unweathered glass bangles from a seventh-century tomb

at Gordion, Turkey. 234

9.4 Streetlight globes that have solarized to a purple color. Note that
the screw threads have not turned purple because they have been

shielded from sunlight by the metal fixture. 235
9.5 Hexagonal Roman bottle, broken into numerous pieces. 238
9.6  Clay micrographs (100X) illustrate various sizes of particles in clay,

from fine to medium to large. The particle size affects the drying

process, shrinking ratio and texture of fired surface. 241
9.7 Cross-section of earthenware body and glaze. The ceramic body

is coarse with open pores and small inclusions. The glaze forms a

distinct layer over the body. 241
9.8 Cross-section of stoneware glaze. The ceramic body is dense and

more vitrified than earthenware. The glaze and the ceramic body

are fused. 243
9.9 Cross-section of porcelain and glaze. The ceramic body is glassy

and highly vitrified with an intimately fused glaze. 244

9.10  An example of porcelain, early twentieth century. The translucent

white body is decorated under and over the glaze, painted with

raised gold. Detail in Figure 9.15. 244
9.11  The coil and paddle process. The first coil is laid down on the

perimeter and then a succession of coils is stacked over it. Seams

are smoothed together and the outer walls paddled. 245
9.12  In a coiled vessel, the damage pattern follows areas of stress along

the coil joints. An archaeological find of Chalcolithic period

pottery, 4500 Bc, northern Israel. 245
9.13  The slab method of making pottery. The clay is slabbed, and the
individual pieces are cut, partially dried and assembled. 245

9.14  The wheel method of making vessels. A mass of clay is thrown

onto the wheel, centered, raised and shaped. 246
9.15  Gold and paint decoration on this early twentieth-century

porcelain has been applied over the glaze. Observed in raking

light it is visibly raised above the surface. Such decoration is

prone to damage. Detail of Figure 9.10. 246
9.16  Raku is one of the most famous types of Japanese pottery. Black

raku-ware tea bowl, late sixteenth century; lead glaze on

stoneware, Momoyama period, Kyoto, Japan, H 8.5cm, W 4.8cm.
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The bowl was extracted from the kiln at peak temperature which
turned the glaze black and created the pebbly texture.

Light interaction with glazes. A lead glaze (left) is transparent and
highly reflective. A matte glaze (center) with crystalline
protrusions at the surface scatters the light. A Caledon glaze (right)
contains quartz particles and micro-size crystals which bend light.
The glaze—body interface also reflects light.

Red figure on black background. Greek ceramic, c. fifth

century BC.

SEM photomicrograph of tile body section illustrating angular
quartz particles bonded by glassy phase. Tile mosaic from the
facade of Nila Gumbad, India.

Archaeological find of glass and ceramics. Roman, c. third
century AD. Glass goblets and ceramics found in an archaeological
underwater site, off the coast of Provence, France.

A ceramic bowl structurally reinforced by wirework has been
stained by rusted metal.

Rivet repair of ceramics has been used since antiquity and is still
employed today in China.

Slip decorated ceramic jar showing losses caused by extant salts.
Indus Valley civilization, Harappa site (Pakistan).

Objects should be supported from the bottom and at the strongest
points of the structure. Wearing gloves is not recommended, to
ensure better contact with the object.

Diagram showing a range of objects packed in layers of
polyethylene foam cut to conform to their shape.

Securing ceramics in a container with soft cushioning is a safe
means of transportation over a short distance.

Large, heavy objects require additional secure bracing to the floor
or walls. Discrete brackets do not interfere with the aesthetic
enjoyment of the object. This is a front view of the Ceremonial
Dance relief panel with three figures, late classical period

AD 702-730, Maya Palenque, limestone.

The same panel, showing the side view. Areas of contact between
the object and the support are cushioned to prevent abrasions.
Although the artifact is made of limestone, the same principle of
support applies to ceramics, glass and other materials.

A bracket made of metal follows the natural shape of the object,
supporting it in such a way as to keep the balance. This support,
suitable for small objects, allows viewing of all sides. Although the
illustrated object is made of stone, the same principle of
supporting the weight applies to ceramic and glass artifacts. Bowl,
late classic period, Maya, Ap 650-900, stone.
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10.1  Derivation of natural and semi-synthetic plastics based on material

sources. 261
10.2  Multi-factor classification and characterization of polymers. 263
10.3 A bio-polymer secreted by insects, lac, which is the raw material

for making shellac. 264
10.4  Traditional preparation of shellac by stretching pliable, hot shellac

into sheets. Dried “sheets” are broken into flakes. As a

thermoplastic, dry hard shellac can be heated to become soft and

pliable. 265
10.5 A container that caught fire while being transported, and then

later exploded while stored. The cargo was nitrocellulose. 266
10.6  Harvesting of natural rubber latex from a hevea tree in Cameroon. 267
10.7 A deteriorated rubber port, which was part of laboratory

equipment. It has separated into fragments, and the structure has

given up to the pressure of the supporting armature; the sleeve

has torn. 268
10.8  Exterior of this radio exemplifies Bakelite, its color and surface

appearance. 271
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Plates pages fall between pages 178 and 179.

2.1 (a) Uneven expansion of wood, ground and paint has resulted in paint
cracking followed by separation of layers and losses; (b) inset illustrates the
area of loss. Virgin and Child, Spain, thirteenth century.

2.2 Low humidity and chemical reaction in paint has resulted in weakening
and losses of a painted fabric; state before conservation. Flank Marker,
186164, of the 58th New York Volunteer Infantry, known as the
“Polish Legion”.

2.3a  Gilded steel shield of Sikh ceremonial armor plate, nineteenth century.

2.3b  Detail of the same shield, at 40X magnification, showing iron corrosion
migrating from underneath the gilded layer and visible as rusty spots on

the surface.

2.4 Salt efflorescence on ceramic is in part induced by higher humidity.
Salt shaker.

2.5 Crizzling of glass on a sixteenth-century Venetian glass. Crizzling, a

network of cracks, occurs in elevated humidity in some types of glass.

2.6 Light spectrum with a segment of electromagnetic waves of visible light,
below 400 nm to over 750 nm.

2.7a A severe shift in color caused by light. An elaborate paper cutout
(German Scherenschnitte) had been placed on silk. The exposed silk had
turned yellow, c. 1832.

2.7b  The original color of the silk background became apparent after the
Scherenschnitte was removed. Parts of the silk covered by the cutout
remained purple, replicating the design of the Scherenschnitte, while areas
exposed to light changed to yellow.

2.8a—e Signage that is used to indicate the presence of hazardous materials. The
designs are in compliance with the internationally accepted symbols. They
are used in buildings, on shipping containers and in laboratory storage.
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2.9  Varied carpet beetle, adult insect. It is characterized by the pattern on its
wings. The beetles feed on fur, skins and wool, and dried entomological
collection are their favorite source of food.

2.10  Larvae of the varied carpet beetle are called woolly bears. As with other
insects, the larval stage is the period when most of the damage occurs.

2.11  Feathers in a natural history collection damaged by the casemaking cloth
moth (Tinea pelionella). Note the larval cases left nearby after the insects
have molted.

3.1 Documentation protocol for large industrial artifacts, exemplified
by aircrafts.

3.2 Raking light used in conjunction with a microscope allows detection of
paint deterioration visible as hairline cracks. Nineteenth-century fracture
of a Pennsylvanian Dutch folk art document.

3.3a—b Van Gogh’s painting Head of a woman (1885) examined in ultraviolet
light. The resinous varnish shows up as a greenish-blue fluorescence,
revealing darker areas at the bottom right where varnish has been
removed.

3.4a  Fragment from the Book of the Dead illuminated with visible light.
Egypt, New Kingdom, 18th Dynasty, c. 1479-1400 Bck. Ink and pigment
on papyrus; state before conservation.

3.4b  The same papyrus illuminated with infrared light. The carbon black
appears even more intense, while the iron oxide red pigment appears
almost transparent as iron absorbs poorly in the infrared region; state
before conservation.

3.5 Stereomicroscopic examination of a textile surface; silk and metallic
thread reveal variations in weaving and area of damage. One of the
threads is pulled, disturbing the pattern and indicating so-called
mechanical damage. Scale bar 2 mm.

3.6 Metallic embroidery thread, once bright silver, but now tarnished by dark
deposits of corrosion. Details of damage became evident once the object
was examined under a higher magnification.

3.7 Stereoscopic examination of a surface in various magnification ranges
reveals the nature of microbiological damage to paper. Left: spherical
shapes are single fruiting structures of Chaetomium sp., a fungus known to
grow on paper. Right: under a higher magnification, a close-up of one of
these structures shows a fruiting body with distinct features, called
perithecial hair.

3.8 Deterioration of setting cement and metal wire inside the solar panel in a
Vanguard satellite, early 1958 model. The image shows metal and cement
deterioration products.

3.9  Analysis of a corrosion product to determine its chemical composition.
SEM/EDS indicated the presence of a potassium element (K) expressed as
a strong peak on the plot. The analyzed corrosion sample (upper left
corner) is a Scanning Electron Microscope micrograph in the
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List of plates

“back-scattered electron” mode, called “BSE.” The results are recorded
on a graph with a corresponding location on the image.

Measure of color in L*a*b* color space on a faded textile to assess degree
of fading.

Taking an actual color measurement. Measure of color values of the area
exposed to light compared to the ones that were not reveals the extent of
color loss and degree of fading.

Preparation of metal coupons for an Oddy test. The coupons in the top
row illustrate corrosion of metal caused by oft-gassing from the tested
material. Those in the lower row are cleaned with abrasives to expose
surface that will react to the environment. Cleaning of the metal coupons
exposes a fresh, reactive metal surface.

The results of an Oddy test. Color deposits of corrosion on metal
coupons indicate severe off-gassing of the tested material. Note the
deposits and discoloration on each metal coupon: heavy white on lead
and green on copper.

Test of acidity with a pH pencil, a purple felt tip. A color change from
purple to yellow or orange indicates acidic content of the tested materials.
This test can be used only on materials considered for packing or
construction, and not on artworks or museum objects, because the pencil
mark is irreversible and visible as a stain.

Test of acidity level in a water solution, using pencil indicator. Change of
color is compared with an indicator chart which refers to a specific pH
level. The three solutions in this photograph are of pH 2, which is highly
acidic. Neutral level is pH 7. Below pH 7, materials are acidic; above pH
7, materials are alkaline. Wood chips, packing material and a piece of
textile were tested on the illustrated example. All indicated high acidity,
near pH 2.

Parchment document with pendant seal (the documents shown in Figures
4.4a and ¢; and the seals in Figures 3.14b and c) after conservation,
prepared for long-term storage or exhibit. The pendant seals are
supported by securing them to the front or verso of the window-mat,
according to the original configuration of the seal attachment.

4.6a—b The position of the pendant seals in relation to the document dictated the

4.7

4.8

4.9

design of the support. In this case, the seal needed a support secured to
the back of the mat. Reverse of the document shown in Plate 4.5.

(a) Set of ceremonial Sikh armor, nineteenth century, on exhibit. (b)
Inherently incompatible materials such as wool and iron had to be
separated with chemically inert material, in this case Tyvek.

Mlustration of the front and back of the mounts supporting metal armor
plates lined with textile.

A cotton textile embroidered with silk is supported on round rods with
padding underneath while on exhibit.
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Native American hide moccasins are supported for storage with soft
cotton and polyester inserts custom-fitted to the moccasins’ shape.
Makah headdress showing storage mount in process. Movable parts of this
wooden headdress are supported with cotton-covered, custom-shaped
polyethylene blocks and secured to a board support.

A collection of Japanese Samurai armor on storage mounts in an oversize
storage cabinet in Pod 1 at the Museum Support Center. The more
elaborate the artifacts are, the more complicated the storage support.
Detail of storage mount for Japanese Samurai armor showing supports for
cuirass tassets.

Cosmic mobile, Rio Grande Puebloan, c. 1740-80. This work may
symbolize the holistic view of the world of Pueblo Indians.

Tlingit, the Dancing Headdress, a. 1860; abalone shell, ermine skin/fur,
sea-lion whiskers, cloth, paint. Detail of the Raven headdress.

Painted hide, attributed to Silverhorn, Kiowa, Oklahoma, c. 1860—1940.
Pomo basket, c¢. 1950, reed canary grass, toots, shell beads, quail feathers;
coiled and stitched, 12 X 25 cm.

Aboriginal rock art, 800 years old, in Namadgi National Part, Australia.
Lintel from a meeting house (in Maori: pare), Maori, late 1840, New
Zealand. This example illustrates one of the two main forms of door
lintel. The three figures, with eyes inlaid with rings of haliotis shell, are
standing on a base which symbolizes Papa or Earth. They can be regarded
as representations of Tane and his brother gods, their raised arms allowing
spirals of light and knowledge into this world.

The village-like design of the Tjibaou Cultural Center, Noumea, New
Caledonia.

Modern papyrus, with a clear definition of stems forming the sheet.
Micrograph taken with Olympus SZX12 MDU Stereomicroscope with
Olympus QColor5 camera; scale bar 1 mm.

Ptolemaic papyrus, c. AD 300, in raking light; its fine workmanship is
characterized by thin and fine layers. Note the directionality of fibers, one
layer lying perpendicular to the next. Micrograph taken with Olympus
SZX12 MDU Stereomicroscope with Olympus QColor5 camera; scale
bar 1 mm.

Writing on a palm “sheet” is incised or scratched and filled with black
paint. Even though a fine tool was used on this manuscript the incised
areas are prone to damage. Micrograph, surface analysis microscope; scale
bar 1 mm.

A detail of the same inscription reveals cracking of the palm leaf,
corresponding to the pattern of incision. Note the roughness and pitting
of the leaf’s surface that is prone to dust accumulation. Micrograph,
surface analysis microscope; scale bar 1 mm.

Open palm leaf mansucript. Opening of the manuscript involves
loosening the strings and separating the leaves, subjecting them to
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mechanical abrasions and potential deformation. Stereomicroscope
micrograph, scale bar 2 mm.

Wrapping the palm manuscript in cloth protects the leaves from dust
settling on the rough surface and consequently from mechanical abrasions.
Tightly wrapped covers also reduce distortion of leaves by slowing down
exposure to changes in the environment.

A sheet of “pith paper” is made by slicing a thin layer around the pith,
lengthwise, in circular motion, with a sharp knife.

On a sheet of “pith paper,” vertical lines, as seen on the left, correspond
to turns of the blade. The dark brown stain along the top was caused by
adhesive that migrated to the pith’s cells.

Pith is very sensitive to mechanical pressure. Indentations (left) record the
impression of a sharp tool. Note shadow-like impressions of painting on
both sides of the pith sheet. The body color on one side shows as light
pink and on the other side as a dark outline. Micrograph; scale bar 5 mm.
Paint applied on both sides of the pith sheet gives an impression of three
dimensionality because of the light structure of the support. Micrograph;
scale bar 0.1 mm.

A bag made of tapa, decorated in dark brown and blue paint. Geometrical
pattern, a common design, was applied with printing blocks or painted
with a brush.

Fibrous structure of tapa is visible under the paint layer. Paint has
tendency to flake off, due to flexing of the support.

In handmade papers, fibers are picked up from slurry to form a sheet on a
screen. Paper making in a Japanese workshop.

A wire “sewn” into the mould wire accumulates a smaller amount of
fibers during sheet formation, thus creating a watermark. An example of a
mold made by W. Green Son & Waite, date unknown.

A “sewn-on” wire, shown in a side view to illustrate the three-
dimensionality of the design. Fewer fibers are accumulated in these areas,
producing a transparent image.

Watermark on a document as seen in transmitted light. The design of
watermarks is frequently used in dating documents because in the early
years of paper making the designs were unique for individual mills.

A typical verdigris deterioration of a seventeenth-century map. Note the
characteristic discoloration of green paint that has turned brown and acid-
related weakening of the paper.

Reverse of the map shown in Plate 6.16a, illustrating discolored verdigris
that migrated to verso. Losses of paper in the discolored areas are caused
by acidity of the paint.

A foot-treadle floor loom showing ikat textile in the process of weaving.
Horizontal looms date back to the Middle Ages. Fergana Valley,
Uzbekistan. Note that ikat can also be woven on horizontal
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floor-standing looms or back-strap looms, depending on the culture
where it is made.

Ikat is a technique which produces pattern on textiles in a resist dyeing
process similar to tie-dying. Bindings, which resist dye penetration, are
applied to the threads in the desired patterns before weaving. Alteration
of the bindings and dyeing in more than one color produce elaborate
multicolored patterns. When all of the dyeing is finished the bindings are
removed and the threads are ready to be woven into textile.

Detail of the wrapped thread stretched on a frame. The parts of the
threads covered by the tightly wrapped material will retain the color that
is underneath the wrapping, while exposed thread will be dyed in a
different color (yellow in this example).

Traditional dyes were made of flowers and fruits. This is a collection of
dye materials, such as flower petals (white, in the middle of the box),
dried pomegranate fruit, and various tree bark. Ikat workshop, Fergana
Valley, Uzbekistan.

(a) Japanese indigo production and (b) textile which has been indigo dyed
and decorated with applied pattern.

Diagram of the Velcro attachment system. One part of the Velcro is
attached to a support which will hold the textile to a display board. The
other part is stitched to a textile.

Application of the Velcro system in a display of quilts.

Exhibit of garments tailored from ikat; the support of each costume
complies with its design.

Sleeves, when displayed in a horizontal, stretched position are supported
with soft-covered cloth and a structurally sturdy form.

Circular pack basket with woven-in white and black decoration.
Skomomish Indian Tribe, 1900-10, collected by Leo J. Frachtenber.
Nootka hat of a high-status woman, painted once the hat was completed.
Materials used in making this hat included cedar bark, spruce root and
dentalium shell. Vancouver Islands, 1800-30; 23.3 X 33.9 cm.

Haida dugout canoe, model. Real-life dugouts were heavy, made of one
piece of wood. The Haida were famous for their red cedar canoes.

A heavy dugout needs an adequately strong stationary support of a
padded cradle.

Skin-covered kayak (umiak), most likely from the Inupiaq culture, 1929.
Its light construction was characteristic for the King Island, Bering Sea
region.

Another type of elevated support for storage of a lighter-weight
watercraft.

Follicle pattern on cowhide, grain side. The quality of leather depends
on many factors, and processing is one of them. Micrograph, 12X, scale
bar 1 mm.
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A less refined cowhide, with some hair still left in the follicles. This
leather was vegetable tanned. Micrograph, 25X, scale bar 0.5 mm.
Follicle pattern of a goat skin, used for parchment making. Note the
characteristic pattern of follicles, some of which are showing hair still in
place. Micrograph, scale bar 1 mm.

Meat side of parchment. Note the vein pattern on the surface of the
parchment. Micrograph, scale bar 1 mm.

Preparation of animal skin and fish skin follow the same process: removal
of flesh and hair (from animal skin) or scales (from fish skin) before
further chemical processes begin.

The scales of shark skin not only make an attractive addition to modern
garments but have been used as inserts in early design of astronauts’
gloves, to increase grip during space flight. Micrograph, scale bar 1 mm.
Leather preparation in other parts of the world follows the same process.
Here, fresh goat skin is tanned in pots in Nigeria.

Ground bagaruwa (Acacia nilotica), a plant that supplies a tanning agent
in Nigeria.

Pre-tanned, partially processed skins are ready for sale.

Recto of an Apache playing card, painted on the flesh side, retaining its
fibrous and rough texture. The paint was applied on the rough surface
because it holds the paint particles better than the smooth, grain side of
the hide.

Verso of the same playing card showing a clear pattern of hair follicles.
Tool marks can be seen on the skin.

Native American teepees constructed from large animal skins. Lodge of
Assinabone Indians.

A Native American teepee, from the NMNH collection, unrolled for
annual inspection. The skin was sewn with sinew, as illustrated in
Figure 7.14.

The cellular structure of bone accounts for its grainy texture. Short,
longitudinal striations, visible as dark markings, indicate depositions of
“nutrient foramina.” Dark markings (left of the black ink decoration)
contrast with the yellow natural patina of the bone. Micrograph, scale
bar 2 mm.

Beads made from bone used as decorative elements in Native American
regalia. Photo taken during the opening ceremony of the National
Museum of the American Indian, Washington, DC, 2004.

Antler formation and attachment to a skull. The smooth central part of
the antler is used for various utilitarian objects.

Purse made from the central part of an elk antler, retaining the shape and
light curvature of the natural material. Hupa Culture, c. 1880, collected
by Alexander Brizard, 1839-1904.

(a) Constraints caused by the secondary support have caused ivory to split
along the lamella. Nineteenth-century miniature on ivory, produced as a
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gift to the British Army stationed in the Punjab. (b) Verso of the same
miniature, showing pattern of lamellas.

Retzius lines, visible on a cross-section of ivory, are the most reliable
identification features of elephant ivory.

Walrus ivory. Note the longitudinal cracks which originate in the
cementum and penetrate the dentine. The pattern of splits is similar to
that in elephant ivory. “Story knife,” 1879, Southwest Alaska, Yup’ik
Culture, collected by W. Nelson. Traditional story knives were made of
carved, polished, and engraved walrus tusk.

Porcupine quills. Pigmentation of the needles differs among species.
Porcupine quill decoration on a teepee.

Porcupine quills are still used in the ceremonial regalia of the Native
American Indians and are worn on festive occasions, as seen in this
participant’s garment. This Native American participated in the

opening of the National Museum of the American Indian in
Washington, DC, 2004.

Close-up of baleen plates.

Archaeological baleen basket which has deteriorated over time. Note the
separation of plates and dried fibers protruding from the wall structure.
Baleen baskets in good condition. They are from North Alaska Eskimo,
who belonged to Siberian Yupik speakers. The basket, with a lid (cat. no.
UA64-021-0853) is a work box collected in 1928 or 1929 by Otto Geist at
Southwest Cape, St. Lawrence Island, in the Bering Strait, off the western
coast of Alaska. It measures H 9 X W 11.5 X D 16 cm. The smaller
container (cat. no. 1-1927-0575) is described as a “bucket” or ”cup” and
was also collected by Otto Geist, in 1927, on St. Lawrence Island, but from
the community of Gambell. It measures H 6.5 X W 8.5 X D 8.5 cm.
Dendritic structure mass formed during metal casting, 40X.

Indian coin, Skandagupta king, eighteenth century; struck. Blue-white
areas are silver grain. The change in direction of the silver indicates where
the coin was struck. 40%.

Impact of a tool on the configuration of granular structure. 40X.

The Charioteer from Delphi, dated 475-470 Bc, exemplifies a beautiful
patina on bronze. It is smooth, adherent and evenly distributed on

the surface.

Moisture trapped between aluminum and thermal blanket of the Space
Lab. Deposits of salts have accumulated on the surface resulting in
pitting corrosion.

Pitting of the aluminum surface of the Space Lab was revealed after
deposits were removed during mechanical cleaning.

The author is mechanically removing deposits of corrosion from the
aluminum surface of the Space Lab, which is displayed at Udvar Hazy,
National Air and Space Museum, Chantilly, VA.
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(a) Miniature portrait bust of a woman, 25 Bc—AD 25; bronze, glass-paste;
Rome: (b) before and (c) after cleaning. Residue of corrosion was
removed mechanically, but the metal underneath was changed
irreversibly.

One of the components of Natural Selection, 1981, by Antony Gormley.
Corrosion on the lead casting has resulted from organic acids leaking out
from the decomposing coconut inside the cast.

Cross-section of a copper nail excavated at Nuzi in Iraq by the Harvard-
Baghdad School Expedition in 1928, showing layers of corrosion that was
formed during 3,500 years of burial in saline soil. The red layer of cupride
is covered by nantokite or cuprous chloride. The outer green zone is
atacamite, the final product of corrosion.

(a) Egyptian bronze aegis, from the 26th to 30th Dynasty, deeply
corroded. The layers of corrosion contain green atacamite, most likely
azurite and malachite, as seen in (b).

Sheathing of Munz metal was found on a ship that sank 123 years ago in
Port Stanley, Falkland Islands. This ship has been divided into sections
which are now in several museums.

Nineteenth-century embroidered arm-defense, Sikh. Silver thread has
tarnished and turned black.

Close-up of tarnished silver from Sikh arm-defense. Silver foil was
wrapped around a fibrous core, and applied in a couching technique.
Samples of native copper photographed before being polished, after being
polished and after being etched with ferric chloride. 40%. Each reveals
different characteristics of the metal’s micro-structure, colored corrosion
deposits and stress marks. The etched sample (c) shows homogeneous
stress lines and a few twin crystals.

Natural orpiment and realgar, mineral specimens from the Department of
Mineral Sciences, Smithsonian Institution.

Detail of Egyptian papyrus of Ani, Book of the Dead, Sheet 15, 19th
Dynasty, illustrating the alteration of the pigment.

Mineral azurite as found in nature; Burra Mine, South Australia.

Copy of a fifteenth-century illumination from the collection of Rare
Books at the University Library, University of Nicolaus Copernicus,
Torun, Poland. Azurite was ground into powder and mixed with gum
arabic to make a paint. Here, a laboratory paint analysis of the original
miniature reveals that the blue areas are painted with azurite.

Close-up of azurite paint from the miniature shown in Plate 9.4 illustrates
differences in color intensity of azurite particles in relation to their size.
Finely ground particles become gray, while larger particles retain their
bright blue color.

Malachite with inclusions of azurite in its raw form, found in Morenci,
Arizona. Note inclusions of green malachite.

Natural earth pigments come in a wide range of colors.
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A severely deteriorated iron industrial object stored outdoors is reverting
to its original mineral state, iron oxides.

‘Wall painting with Egyptian blue, c. 1567-1320 Bc, Thebes, “Fowling in
the marshes”; fragment of a wall painting from the tomb of Nebamun.
Discoloration of highlight painted in white lead indicates chemical
conversion of white lead to black, probably lead dioxide. The discolored
paint turns orange at first and then black.

Discoloration of white lead can be reversed chemically, converting the
discolored paint to its intended white appearance.

Fourteenth-century Byzantine manuscript page damaged by verdigris.
Losses of parchment in the lower part of the illumination correspond with
the application of verdigris paint.

Nineteenth-century Sikh manuscript, painted with verdigris which has
damaged the paper. Note the fragility of the paper support, demonstrated
as tears and losses.

Heavily weathered glass bottle, first century Ap. Samothrace Nekropolis
Excavations.

Cloudy and wet, hydrating glass. High humidity has drawn alkali to the
exterior surface of the glass, one of the early phases of crizzling.
Close-up of a bottle with severely crizzled surface.

Hexagonal Roman bottle (seen unassembled in Figure 9.5), after
reassembly using B-72 adhesive.

Small late Roman or Islamic bottle, with a deteriorated polyvinyl acetate
coating.

Earthenware with white slip and red pigment. Ban Chiang culture,

300 Bc—AD 1; 33 X 25.5 cm. The vessel illustrates one of many shapes of
earthenware, probably serving a utilitarian purpose although the meanings
and uses of some earthenware still remain ambiguous.

Stoneware with cobalt pigment under translucent glaze, fifteenth century.
Later Le dynasty, 2.1 X 2.8 X 2.8 cm.

Unglazed stoneware bottle, Cizhou ware, twelfth to fourteenth century.
Gray stoneware blackened from reduction firing. The use of this and
similar bottles remains unclear, although they may be wine containers.
19.6 X 11.5 cm.

Glazes applied with a brush over terracotta clay, as a decorative element.
Three-dimensionality of the applied glaze is examined in a raking light.
Detail of Plate 9.20.

Stoneware with celadon glaze in a lustrous pale sea green, coarsely
crackled. Longquan-type ware, fourteenth to fifteenth century, Yuan or
Ming dynasty, 10 X 8.3 X 8.3 cm.

Tin-glazed earthenware with cobalt and luster; late fourteenth or early
fifteenth century, Malaga.

Tin-glazed earthenware with cobalt and luster; sixteenth century,
Valencia.
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Shino ware illustrates the artistic effects achieved by controlling the firing
and cooling process. The soft, granular underfired glaze on this cup is
typical of early Shino ware. Late sixteenth century, Momoyama period,
Japan. H7.0, W 7.1, D 7.1 cm.

Decorative tile-mosaic on the Islamic structure Nila Gumbad, early
seventeenth century, Delhi, India. Significant losses of glaze are caused by
weathering.

Close-up of mosaic showing losses of glaze, Nila Gumbad.
Nitrocellulose was used as an interlayer shield in early flight goggles. It
was sandwiched between two pieces of glass as a safety measure, to hold
the glass if it broke. Automobile and aircraft industries used this safety
glass, called Triplex, from 1912 (www.flightglobal.com). These goggles
were used in the mid 1940s.

Detail of the same goggles showing discoloration of nitrocellulose and
cracks in the films between glass sheets.

Celluloid vanity set, typical of early twentieth-century production.
Detail from the same vanity set, illustrating progression of celluloid
deterioration, expressed as color change and increase in brittleness.

An aircraft cockpit shield made of cellulose acetate, once clear and sturdy
but now discolored and deteriorated.

Close-up of the same shield showing the brittleness of deteriorated
cellulose acetate.

Deterioration of cellulose acetate pressure-sensitive tape. Degraded
adhesive has stained the paper and caused brittleness.

Cellulose acetate deterioration of film.

Rubber utilized in art. A sculpture by Charles Long. Title: “Triple
Agent” (1998); 127x113 15.2 cm; rubber and wood. The rubber has not
deteriorated and its plastic qualities are well utilized by the artist.

Gutta percha mourning jewelry, c. 1860.

Fiberglass reinforced with phenolic resin used in the structure of a heat
shield.

Fragment of the honeycomb structure from the same heat shield showing
fiber glass saturated in dark brown phenolic resin.

Cellulose nitrate deterioration encountered in archives housing collections
of film. Note the crystalline deposits on the surface of film indicating
chemical deterioration of the material.

An illustration of various stages of cellulose nitrate deterioration,
discoloration and loss of structural stability.

An archival record has been printed on polyester film, which is a stable
material. However, the printed image has been dissolved by a
deteriorating enclosure made of plasticized polyvinyl chloride, which has
released the plasticizer di-octyl-phtalate (DOP), visible as oily droplets on
the interior.
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10.12a Detail of the archival record affected by plasticizer. The printer’s ink has

partially dissolved and been transferred to the enclosure.

10.12b Another example of deteriorated coating on polyester film. This common

10.13

10.14

10.15

pattern of emulsion cracking is called “alligator skin” and results from
irreversible chemical changes occurring in the coating layer; 40X
micrograph. This archival record was produced in 1974. (Maryland State
Archives Collection, Annapolis, MD.)

Plastic sculpture by Naum Gabo (1890-1977), one of the most prominent
artists of the twentieth century to experiment with early plastics. Even
though discoloration around the edges indicates changes in material at the
molecular level, this does not detract from the elegantly expressed
perception of space, time and movement.

Bruce Nauman, Mapping the Studio II, with color shift, flip, flop, & flip/
flop. Like other installation works, time-based media pieces only really
exist in their installed state. They are therefore dependent on a second
stage of creation, their installation in the gallery. That process is repeated
each time the installation is recreated.

Song 1 (2012), by artist Doug Aitken, illuminates the entire facade of the
Hirshhorn Museum, Washington, DC, transforming it into “liquid
architecture” and urban soundscape. The interaction between
performance, environment and the viewer is a central concern of the
artist. This art piece not only is a “reflection on contemporary reality” but
also alters the relationship between the museum building and its urban

environment.
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PREFACE

In 2000 Carolyn Rose, late chairman of the Anthropology Department at the
National Museum of Natural History, asked me to teach a course, Introduction to
Museum Conservation, for graduate students of the Art History, Museum Studies
and Anthropology departments at George Washington University. Carolyn had
established the basis of that course nearly twenty years earlier to bridge the gap in
the existing conservation offerings, which were focused on art collections and
archacology but omitted conservation of anthropological objects. That branch of
conservation did not exist until then.

Carolyn was an admired teacher, loved by her students. Her invitation to join
her class, first as a guest speaker and later, when her health failed, as a course
instructor, was an honor for me.

Designing the course posed an enormous challenge; it was an overview of all
branches of conservation for which there is no comprehensive handbook. In
addition, Carolyn’s original intention was to focus the teaching on anthropological
artifacts, which brought to the fore sensitizing the students to seemingly opposing
values of Western concepts of preserving material objects versus the spiritual,
intangible heritage of aboriginal people. The urgency of preserving vanishing
intangible heritage became the center of international debates only a few years
ago.

The course was intended for museum professionals who envisioned their work
as collections custodians, curators and registrars and who, without a doubt, at one
point or another would interact with conservators. As a member of the conservation
community and working closely with non-conservator museum professionals, I am
aware that decisions which conservators make are not always self-explanatory to
others. Thus, presenting a conservator’s point of view on dealing with museum
artifacts 1s the core of this book. It is also hoped that it will fill the gap between
museology- and conservation-focused literature.
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Preservation and conservation are enormous subjects, impossible to address in
one book. Therefore the selected topics are meant to serve as an overview and a
springboard for further explorations of a problem posed by a real situation or the
need of a specific artifact; the reader is expected to take each subject as far as the
problem calls for.

This book consists of two main parts; the first introduces common museum
practices which are of concern to conservators and the second elaborates on
material-specific problems. The technical information has been limited and
introduced only when explanation of materials’ behavior or deterioration processes
requires more details. Interrelations between the type of material and the
degradation process or between the institutional governing of collections and
preservation initiatives are complex. Schematic charts in the text are intended to
point out the most essential components and their co-dependence; I call the charts
“visual abstracts.”

In the early stages of the writing my students had an opportunity to evaluate the
charts; their comments contributed to the charts’ clarity. Six years of teaching and
interacting with the students was the best barometer indicating relevance of the
teaching material to the students’ professional interests. The enthusiastic and honest
commentaries of the students shaped the chapters of this book; it was written for
them. It is my hope that the enthusiasm for learning about museums, artifacts and
preservation will be imparted to the reader.
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FOREWORD

Collections are intertwined with all museum activities including education,
research, marketing, sales, digitization, communication and management. Properly
caring for collections requires highly skilled professionals who preserve and
advocate for collections for future generations.

Conservators who conduct examination of objects and conserve and preserve
them need to consider temperature, relative humidity, pollutants, biological
organisms, reactivity of materials, light, vibration and other factors which speed
up the natural degradation of objects. Vast knowledge and depth of understanding
are necessary to deal with more than one material such as stone, cloth, paint,
plastics, wood and metal. Conservators also face challenges that cut across many
disciplines including chemistry, art, geology, optics, history, physics, statistics,
meteorology and information technology. To produce successful outcomes,
curiosity, imagination, vision, commitment, judgment and intuition also come
into play.

The author’s breadth of experience, creative use of concepts, frameworks,
tools and methods and cultural layering have resulted in the conservation of
many valuable artifacts in global settings including Poland, Egypt, Malta, the
Republic of Georgia, New York, and Washington, DC. In this book, she links
work on specific projects to an overall portfolio that involves a wide range of
materials and techniques. Consistent excellence on the conservation of diverse
artifacts time after time, use of interdisciplinary knowledge and skills when day-
to-day work may be very function specific, sharing knowledge with others, and
paying relentless attention to a mindset that taps vast intellectual resources have
produced an important book that fills a gap, and contributes to new perspectives
on conservation.

The scope of this book is intentionally broad. It rests on the premise to provide
relevance to students, practitioners and academics. Hopefully, this book will spur



