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I. PRELIMINARY MATTERS
& 1. Paper

Despite the ubiquity of computers, e-mail and the Internet, which were predicted to lead to a paperless society,
paper remains the most important means of modern communication. Modern society uses paper for an infinite num-
ber of purposes: as currency and as decoration; as containers and as cleaning agents; as lampshades and as flypapers.
Paper has thousands of industrial uses, ranging from its use in electronic tape to its use for wrapping goods, How-
ever, the original purpose for which paper was created—as a means of communicating and preserving information—
remains its most impartant use.

Paper is 5o important and prevalent that there are college programs and facilities dedicated to the study of paper,
papermaking, and the pulp industry. For example, Columbia College Chicago and Georgia Institute of Technology
have centers for the study of paper.[1]

The author has included this and other URLs (Uniform Resource Locators or web addresses) to provide readers
with additional easily accessed resources for further review of the issues discussed. These web addresses should be
copied into your browser's address window to access the referenced page. As website addresses can change fre-
quently, you may receive a page not found or other error as the URL for the referenced page may have changed
since this article's publication. If you find the referenced page is no longer available, please truncate the address until
you are taken to a page from which the material may be found in its new location. In addition, there are museutns
specializing in paper such as the Robert C. Williams American Museum of Papermaking, an internationally re-
nowned resource on the history of paper and paper technology.[2] Also, there are professional societies such as the
American Society of Questioned Document Examiners who foster education, research, and standards including the
understanding of paper and its properties regarding questioned documents.[3]

Paper, and its identification, becomes an issue in litigation in many ways. Wills, deeds, contracts, checks, and
receipts are constantly being challenged, as is the validity of stock certificates, bonds, money orders, and many other
instruments. For various reasons, the authenticity of a rare book or manuscript is frequently questioned. And in both
criminal and civil cases, paper is used to connect particular persons with particular acts or places. Even in the elec-
tronic, digitized 21st century, paper is still extremely important for communication and maintaining permanent re-
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cords.

In addition, the manufacture of paper may give rise to personal injury Jawsuits, environmental issues, and tax
considerations, among other concerns, that may result in litigation. For example, ashestosis cases may result from
work at a papermaking facility.[4] Environmental concerns regarding papermaking chemicals in ground water or in
landfills have been litigated.[5] The taxing of the chemicals used in the papermaking process has been consid-
ered.[6] Because these topics generally do not involve the identification of paper, they are not discussed in detail in
this article.

& 2. Evolution of paper

The term "paper” is derived from the Greek word "papyros," the name given to a type of reed that was soaked in
Tiquid, beaten, and woven by the ancient Egyptians into a form of paper. Although no one really knows when paper
was first invented, credit for its discovery is generally given to the Chinese who, in the second century B.C., devel-
oped a practical method of making a relatively uniform and flexible type of paper. Under the Chinese method, loose
cellulose fibers were mixed with a large quantity of water and then allowed to seitle and "felt" (i.e., adhere and mat
together) on a mold of closely woven cloth. After the water had drained off through the cloth, the matted fibers were
pressed into sheets of paper. Later on, as the Chinese progressed with their art, special molds were used in the press-
ing process. These molds were made of extremely thin strips of bambeo and were held together by silk threads. The
use of these molds caused the finished product to possess numerous fine lines. A variation of this manufacturing
process is still used today to make a type of fine paper that is called "laid" paper. In AD 104, a Chinese coutt official
claimed to have invented papermaking by using rags of old cloth. This was paper modem people would recog-

nize.[1]

Chinese papermaking techniques spread to Korea and Japan by the early seventh century. About 700 A.D.
knowledge of papermaking was leamed by cultures in Ceniral Asia, Tibet, India and the Middle East. Eventuaily,
after various improvements by the Persians and other Islamic peoples, the art was finally brought to Europe, via
Spain, during the Moorish conquests of the 12th century. From the 13th century on, the Italians improved the proc-
ess by developing processes for the use of water power, the stamping mill (derived from the stampers and milling
machines used in textile handicrafis), the mold made of wire mesh (as a result of progress in wire production), which
triggered the introduction of couching on felt, the paper press (screw press) with slides for feeding in the material,
drying the sheets on ropes and dip sizing.[2]

In the 18th century, the need for increased production of paper and the desirc to gircumvent the papermakers'
labor guilds resulted in the design and construction of a variety of paper-making machines. These machines evolved
the ability to fill wire molds transported on an endless chain and couched the sheets on continuous felt and a section
to dry the sheets.[3]

Much later, about 1800, the first continuous roll of paper was manufactured by a Frenchman, Louis Robert.
During the interval between that time and the present, the art of paper making has become increasingly refined and
diverse, so as to meet the needs of a complex and ever growing society. By 1860 all of the work sequences for
manufacturing papet were mechanized: the tag preparation, use of fillers, pulp beating, forming the paper and finish-
ing. Between 1840 and 1880 the use of rags was replaced by industrial scale wood and chemical pulps, creating new
kinds of mills. Between 1860 and 1950 papermaking machines were designed to use electricity, and production
speeds greatly increased. Between 1950 and 1980 further increases in web width and production speeds ocowred as
new maierials were being developed to make paper, such as thermo-mechanical pulp, deinked recycled paper, new
fillers, processed chemicals and dyes. In addition, there was a greater sensitivity to the environment and improved
automation. Since 1980 sheet-forming principles and chemical pulp processes have becn improved.[4] Despite the
use of electronic digital data as the primary communication medium in the 21st century, the use of paper is not ex-
pected to end. Paper continues to offer the easiest, most convenient and durable option for storing data over long
periods of time.[3]

11, IDENTIFICATION OF PAPER
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A. Composition of Paper

§ 3. Cellulose fibers

Whether it is fancy wrapping paper or cheap note papet, and whether it was made by hand a 1,000 years ago or
by a machine today, paper is nevertheless essentially the same thing: an artificial arrangement of cellulose fibers
pressed into thin felted sheets. Cellulose, in turn, is made of a kind of sugar ghicose and is used by plants to bujld
cell walls. Cellulose cells, in varying forms, are found in numerous grasses, shrubs, plants, and trees, many of which
arc readily adaptable to the manufacture of paper. As a general rule, these cells are tubular in shape and have porous
outer walls. Although the shape of the cells tends to be uniform, the fibrous materials in which they are found differ
in size, shape, and texture, depending on the type of fiber involved. This enables the trained investigator to identify
the varions coriiponents in a sheet of paper and to differentiate it from others of similar appearance.

Cellulose has inherent properties that cause it to create a mesh that can become a sheet of paper;
(1) hydrophilicity (readily dispersable in water);

(2) fibrillation (the forming of fibers);

(3) sufficient fiber length to form a mesh of significant sirength; and

(4) the ability to form hydrogen bonds between the fibers as the mesh dries, thus increasing the strength of the
paper.[1]

The first step in making paper is to reduce the raw material—whether raw cotton (already relatively pure), rags,
or wood—io a workable state, so as to free the cellulose fibers from the other carbohydrates and organic matter as-
sociated with them. The fibers themselves then must be separated and sometimes even individual fibers must be
split, so that they can be suspended in liquid prior to settling on the mold.

Corton and linen are commonly used celluloses because they are relatively easy to separate from the other raw
organic matter present. The same is true of hemp and ramie fibers. This group of fibers is considered hydrolytic be-
cause when they are immersed in water a weak acid forms in combination with the water ions (i.e., electrically
charged atoms). This acid helps to separate the fibers into a pure state without impairing the fiber strength. Paper
made from this group of fibers tends to be quite permanent and hence is, for many purposes, the most valuable type
of paper.

Another major group of fibers, called "oxycelluloses," consists of straw, esparto grasses, and bamboo grasses.
This group is not as stable as the first group, since these fibers tend to break down further under chemical attack.
However, these fibers are still strong enough to produce paper of high quality.

A further group of fibers, called "lignocelluloses,” is comprised of raw jute fibers and fibers from various kinds
of wood. Lignocellulose is composed of three basic kinds of cellulose: alpha (similar to the cellulose in cotton), beta,
and gamma (which is also present in the grasses of the second group). However, both beta and gamma celluloss tend
to break down under hydrolysis, and their presence in paper is the chief cause of its rapid deterioration.

Lignins are the glues that hold plant cells together. If they remain in the cellulose pulp, the paper produced will
age poorly, turn brown, become acidic and cause the cellulose fibers {o resist bonding. If lignins are not removed
from the cellulose fibers used in paper, the acidity will cause the cellulose to break down and the paper becomes
briitie. Wood is composed of 20 to 30 percent lignins, while cotton is only one percent lignins. Thus papers made of
wood discolor and eventually self-destruct.[2]

The following sections discuss the types of cellulose fibers.[3]
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§ 4. Cellulose fibers—Cotton

Cotton grows in the form of bolls, which are made up of numerous cottonseeds surrounded by, and attached to,
inch-long pure cellulose fibers. When the cotton is mature, the relatively large canal down the center of the cell dries
up and the cell deflates, becoming twisted in the process. The bolls of cotton are then picked and run through a cot-
ton gin, which rips the fibers from the seeds. It is then an industrial practice to run the defibered seeds through a
machine called a "delinter,” which pulls loose the short hairs that the gin leaves atiached to the seed. These short
fibers are then sold directly to paper manufacturers.

Although cotton is the purest form of raw cellulose, it is too valuable and expensive to be used immediately, in
quantity, in the manufacture of paper. Consequently, it goes through an interesting life cycle. First, it is woven into
fabric, dyed, cut and made into such objects as clothing and curtains. After they have been discarded, these cloth
objects are gathered and resold to paper manufacturers, who use such material to make expensive and durable "rag-
content” paper. Because its fibers can pass and absorb large quantities of liquid, cotton is an excellent stock or base
for many industrial papers. Mixed with linen, it is also used to make high-quality drawing paper, photographic base
paper, and certain kinds of stationery.

§ 5. Cellulose fibers—Linen

Linen is a "bast" fiber (fiber obtained from the stem of a plant or tree) that comes from the debarked stem of the
flax plant. The process of removing linen fibers from their woody tissue is called "retting,” and consists simply of
leaving the cut stems in water until their bark rots off. The cell walls of linen fibers are thicker than those of cotton
fibers, and their canal is narrower, thus making linen fibers somewhat stronger and more durable than cotton fibers.
However, like cotton, linen fibers are far too valuable to be used directly for the manufacture of paper. Thus, they go
through the same eycle of being first used as cloth and then being gathered, in the form of rags, for ultimate use as
paper. Linen fibers are rounded or polygonal and appear to be knotted or jointed at intervals, with striations along
their length that are attmibuted to the action of wind on the plants. These fibers have two natural ends, which taper to
fine points, and the carefnlly split fibers will "felt" (adhere and mat together) extremely well; this gives great tough-
ness to paper made from these fibers,

Linen paper is used for currency and for the printing of bonds and stock certificates. It is also used for cigarette
paper, fine drawing paper, certain tissue and tracing paper, vellum (a type of paper that resembles parchment), and
certain kinds of industrial paper.

§ 6. Cellulose fibers—Hemp

The hemp fiber that is used to make paper is usually obtained from rope ends. It is almost as high in quality as
linen and is used for many of the purposes for which linen is used.

True hemp is no longer used with any great frequency in the manufacture of paper. One reason for this is the
scarcity and expense of natural hemp. A further reason, perhaps, is that natural hemp, when properly cured, becomes
marijuana, hashish, bhang, or potaguya. The Gutenberg Bible (15th Century), The King James Bible (17th Century),
the first and second drafts of the Declaration of Independence, and the original works of Mark Twain, Victor Hugo,
Alexander Dumas, Lewis Carroll, and Thomas Paine were all printed on hemp-based papers.[1]

From the farm field to the pulp mill, hemp fiber offers considerable environmental advantages. Because hemp
grows tapidly and germinates in early spring, it out-competes most weed species, greatly reducing, and often elimi-
nating, the need for herbjcides. Itz natural resistance to most pests also reduces the need for pesticides. Thus it helps
to protect the water table from chemical contamination.[2]

Compared to wood, hemp can also be pulped more efficiently and with fewer environmental impacts. When
modern pulping processes and technologies are used, up to §0% of unprocessed hemp can be converted to pulp
compared with an average of 43% for wood. This fact, along with hemp's high fiber yield, means that up to four
acres of forest can be spared for every acre of hemp grown anmually. Additionally, hemp's lighin content (the "glue-
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like" substance that must be removed during processing) ranges from only 3% in the batk to around 20% in the core
as compared to 30% for pine. Lower lighin translates into fewer chemicals and less energy required during the pulp-
ing process. Furthermore, hemp fibers are paturally whiter than wood and thus require less bleaching to achieve
comparable brighmess. Highly polluting chlorine-based techniques can be readily replaced with more benign proc-
esses using oxygen, hydrogen peroxide, or ozone.[3]

§ 7. Cellulose fibers—Esparto; straw; bamboo grass

Esparto grass is another important source of cellulose fibers. There ate two types or varieties of this grass, the
Spanish and the African. Of the two, the Spanish variety has been considered superior.

Esparto grasses have short curved fibers, a narrow canal, and a comma-shaped seed hair cell. These fibers are
bulky and relatively opaque. Espatto fibers are comparatively weak, and paper made from them tends to be "greasy."
To counteract this "greasiness,” wood pulp is often added to the esparto fibers. Espatio paper often contains 83 per
cent esparto pulp, the rest being wood sulfite pulp. Since esparto fiber has suitable expansion and contraction prop-
erties, it is extremely valuable for various types of printing paper, including letter-press, offset, and lithographic
printing.

Straw fiber, although similar to esparto in many ways, is not as opaque as esparto. However, straw fiber also re-
quires the addition of wood pulp for strength. During World War 1, mamy localities that were cut off from esparto
used straw fiber instead, Although paper made from straw has hardness and "snap,” it also has folding and tearing
qualities. Still, it is harder than esparto and has a "rattle” that makes jt suitable for bank notes and bonds.

Bamboo fibers are used extensively for paper in Eastern countries, particularly in India. These fibers are likke the
fibers of other grasses, except that they tend to be somewhat longer. The uses of bamboo-fiber paper ate similar to
the uses to which other grass-fiber papetrs are put,

§ 8. Cellulose fibers—Jute

Jute is a long bast fiber which is obtained from the Corchotus capsularis and the Corchorus olitorius, two
woody plants that are grown largely in India. Jute fibers possess great tensile strength, despite the fact that jute is a
member of the lignocellulose group.

The walls of jute fiber cells, like those of hemp cells, are thick around a natrow canal that is of uneven width
and possesses wide, splayed ends. Like all bast fibers, jute fibers will split along their length with careful beating.
However, since large amounts of foreign matter cannot be eliminated without injury to the cellulose in jute fibers, it
is difficult to bleach these fibers to a pure white color. Paper made from jute fiber, therefore, is chiefly used as
wrapping paper, rope-brown paper, and for certain other industrial purposes.

§ 9. Cellulose fibers—Kenaf

Kenaf, a member of the hibiscus family, is an annual, non-wood fiber plant native to central Africa. Kenaf is
more productive per acre than trees, uses less energy to make paper and the manufacturing process is more environ-
mentally friendly than paper made from wood pulp. Kenaf paper is stronger, whiter, longer lasting, more resistant to
yellowing, and has better ink adherence than tree paper.{1]

§ 10. Cellulose fibers—Wood pulp

Wood pulp fibers are used more extensively in the manufacture of paper than any other type of fiber. Different
kinds of wood pulp are classified according to the manner in which they are reduced to pulp from a bulk state, "Me-
chanical” wood pulp, for example, is first ground info a fine powder and then suspended in liquid. "Chemical" wood
pulp, on the other hand, is separated into fibers by the addition of various chemical agents to a coarser ground mate-
rial. Mechanical wood pulp is principally used for newsprint and similar cheap stock papers. Chemical wood pulp,
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however, depending on its treatment, is used in almost everything else that can be called paper.
& 11. Synthetic fibers

In 1955, papers from nylon, Dacron, and Orlon fibers, and from blends of these fibers with wood pulp were
manufactured. These papers are produced on conventional papermaking machinery and can be made with a wide
range of appearances and characteristics, from crisp stock resembling ordinary paper to drapable, fabric-like materi-
als. Because of their unique properties, synthetic fiber papers have many applications for which ordinary paper is
unsuitable, notably as electrical insulation, filtration material in air-conditioning equipment, glectrical tapes for
sound recording, shoe fabrics, and interlining in clothing.[1]

B. The Manufacturing Process
§ 12. In general

Since the manufacture of paper involves many vastly complicated processes that are constantly being changed
and improved, no attempt will be made here to discuss the paper-making industry as a whole. Instead, this article
will consider only those aspects of paper manufacturing that are of value in identifying paper involved in litigation.

In the production of any type of paper, the first step in its manufacture is the reduction to pulp of the basc mate-
vial, such as cotton or linen rags, from which the necessary raw vegetable fibers are obtained. The next step is to
suspend this pulp in liquid in order to remove any impurities. Thereafter, the pulp is placed on screen molds to allow
the vegetable fibers to settle evenly and uniformly, so that they can be “calendered” or rolled into sheets of paper.
During these processes, various chemicals and other raw materials are often added to create distinet types and quali-
ties of paper.

Sometimes the process by which paper is manufactured is simple, as in the case of "mechanical” wood pulp;
sometimes, it is complicated and exacting, as in the case of rags that must be beaten for hours, sized with clay,
bleached, and then put through various other processes. In all situations, however, the industrial processes are care-
fully regulated in order to leave as little as possible to chance, and every step of each process is chemically tested.
Because of this planning in the manufacturing process, a given piece of paper can be identified not only by its raw
fibrous material, but also by its other elements, including foreign matter and special physical properties.

The acidity of paper is a significant factor in determining the paper's permanence. The more acidic the papet is,
the faster the cellulose will decompose. Wood pulp papers are much more sensitive to acid-causing conditions than
cotton or linen papers because wood fibers are shorter and weaken during the manufacturing process. Several condi-
tions can increase the acidity of paper: residual acids from processing, rosin or alum sizing, fillers used to create
bulk, oils used to make paper transparent, optical brighteners, atmospheric sulfur dioxide and the presence of lign-
ins, Manufacturers use various chemicals to "buffer" the acids that build up in the paper such as calcium or magne-
sium carbonate, both of which can absorb large amounts of acid. Reducing the amount of acid in paper is especially
important for archival storage.[1]

§ 13. Surface properties

The usability of paper is directly affected by its various surface properties. An extremely important property is
the ability of paper to bear ink on its surface without "feathering” or "bleeding”; that is, without having the ink be-
come "soaked in," "spread around,” or blurred.

Several factors affect the ability of paper to carry fluid ink on its surface without "feathering" or "bleeding."
Among these is a process called "loading," in which various chemical additives are used to "size" or fill in the
spaces between the ccllulose fibers. For high quality rag paper, this is sometimes accomplished by running the
sheets through a tub containing a gelatin that dries on the paper and is impressed into it during the process of "calen-
dering" (i.e., pressing paper between rollers or plates to give it a desired finish). Other fillers, such as kaolin ("china
clay"—-a very pure, white clay), calcium sulphate, or somstimes barinm sulphate, add to the appearance of the final
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product, but do not greatly affect its writing surface.

Some cheaper grades of paper are sized or filled by the addition of liquid-suspended rosin and alum. After this,
the papet is run through hot rollers and then glazed, ie., given a smooth, glossy, or lustrous surface. Other sub-
stances used in the loading or filling process include casein, latex, rubber, starch, wax, and synthetic resins. It should
be noted that these processes are an artificial means of restoring the cellulose fibers to a condition of density that is
similar to that in which the fibets ate naturally found.

To create the final surface qualities of paper, the sized material is run through a series of rollers, sometimes
made of polished metal and heated, in the process called "calendering.” In many cases, this imparts the final finish to
the end product, which varies from very rough and matted paper (as in the case of some kinds of art paper) to very
slick paper (as in the case of book paper that must be able to register fine printed detail). Of course, the raw materi-
als involved also determine to a great extent the finish that is to be applied to a particular paper, the additives to be
used, and almost every other aspect of the manufacturing process.

§ 14. Sizing

When paper dries, it tends to soak up ink quite easily and cause the ink to *bleed.” Sizing is a process of treating
paper to make it Jess absorbent and increase its strength. Sizing also affects abrasiveness, creasibility, finish, printa-
bility, smoothness and surface bond strength.[1]

There are three types of sizing: unsized (water-leaf), weak-sized (slack sized), and strong sized (hard sized).
Unsized paper has low water resistance and includes absorbent papers for blotting; weak-sized paper i3 somewhat
absorbent and includes newsprint; and strong-sized papers have the highest water resistance.[2]

§ 15, Watermarks

A watermark is & design or pattemn put into paper during its production, by making thinnet or thicker layers of
pulp when the pulp is still wet. A ling or wire matk is put in thinner paper while a shadow mark is put in thicker pa-
per. Paper watenmarks can be seen by holding the paper against the light or, in some cases, over a black surface.
Usually, the mark shows the manufacturer's name and, perhaps, a geomefric design or other image. The purpose of
watermarks in paper is to identify the origin of the paper, as a signature of the manufacturer, or as a security measure
to avoid forgery of important documents including bank notes, passports, entry-tickets, erc.[1} A watermark may be
used to date, identify sizes, mill trademarks and locations and the quality of paper.[2]

Several steps are involved in producing watermarks. First, the pulp, suspended in liquid, is floated onto a gauze
mold or sheet on a conveyor belt; by this means, a high percentage of the liquid is rapidly drained off. Next, the pulp
is placed under a "dandy roller" which packs it and further reduces its liquid content. If the paper is to be of the
"wove" variety (Le., impressed with an interlaced wire network to create a woven appearance), the dandy roller is
covered with material similar to the gauze on the conveyor belt; otherwise, one side of the finished paper would
have the appearance of being woven and the other side would appear smooth. If the paper is to be "laid" (i.e., have
closely spaced parallel lines), the dandy roller will impress thin, flexible patalle]l wires into the pulp, displacing the
fibers in such a way as to mark the paper without reducing its thickness, And if the paper is to be watermarked with
a symbol, letiers, or numbers, the wires affixed to the dandy roller will have the shape of the watermark. This proc-
ess is quite similar to that used in making "laid" paper.

With the passage of time, these wire forms wear out and sometimes cause identifiable vartations or markings in
the paper. When these variations are discovered, a paper tester will examine a sheet bearing the variations, note the
points of change, datc the sheet, and store it in the company's files. After replacement of the watermark or "aid"
lines, another sheet of paper bearing the new matk will be examined, marked, dated, and filed. Thus, any variation
from the regular pattern cannot only be identified, but also, in many cases, dated with varying degrees of exactness.

Another type of identifying mark is the shaded watermark, which creates a grayscale image. Tnstead of using a
wire covering for the dandy roll, the shaded watermark is made by using the roll's own uneven surface. Also, digital
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watermarks are encoded into musie, video, photos and other electronic files for identification purposes.[3]

In addition to the watermark files kept by the various paper manufacturers, there are also registers of water-
marks that are kept by other organizations within the paper industry. These registries are brought up to date at fre-
quent intervals. In addition to the paper industry, recording industry associations have begun providing protection
for digital watermarks.[4]

§ 16. Chainlines

Handmade paper retains an impression of the sieve-like mold in which it was made. One set of the mold's wires
run parallel to the shorter edges of the sheet of paper. These wires, called chainlines, leave an impression on the pa-
pet. The spaces between the chainlines can be measured and therefore gives each mold a unique identifying charac-
teristic. This measurement is useful if no watermark is visible. Chainlines are often used to identify the paper in

books,[1]
C. Specialty Paper
§ 17. In general

Much of the paper used today is called "specialty paper”—that is, paper that is desigmed for various special pur-
poses. For example, the metal foil in a package of cigareties, the sensitized plastic paper tapes used in computers,
polyethylene-coated waterproof paper, waxed paper, and advertising blotters are all types of specialty paper. Spe-
cialty paper receives further treatment after leaving the original papermaking machine and also, in many cases, after
being shipped from the paper factory to the specialty manufacturer. Many specialty papers are laminated (pressed
topether) with metals or plastics to give them special functional qualitics. Some of these papers are chemically
coated, while others are laminated to different grades of paper.

Specialty paper is sometimes made to a customer's individual specifications, in which case the task of identify-
ing it is relatively simple. Some of the most important types of specialty paper, such as carbon paper and "safety”
paper, are discussed in the following sections of this article.[1]

§ 18, Carbon paper

Carbon paper is still in use today and, formerly, was an important type of business and professional specialty
paper. It is made from high-grade tissue, to which is added a waxy, pigmented coating. Although the details of its
manufacture and chemical composition are highly guarded trade secrets, any sample carbon impression can be iden-
tified by chemical analysis. Also of aid to the investigator is the fact that several different kinds of carbon paper are
mamufactured for various uses. All of these have diverse physical and chemical properties that render possible their
identification. Four general types of carbon paper are made: "one-time" or single-use carbon, typewriter carbon, pen
and pencil carbon, and specialty carbon. Some of the varieties in the "specialty” category include nonfreeze carbon,
register-roll carbon, spot carbon, and hectograph carbon.

§ 19. Carbon paper—Single-use carbon

Single-use or "one-time" carbon paper is the most extensively used type of carbon paper. Numerous business
forms, teletype rolls, and even stationery have several sheets that are arranged in "manifold" forms or "decks”; in
this arrangement, the top ot original sheet often has a different use or destination from that of the remaining carbon
sheets. In common practice, these sheets are of different colors, the use or destination of each being indicated by a
special color code.

The problem in manufacturing carbon paper for such "one-time" usage is to make sheets that will be inexpen-
sive but still give a clear sharp impression on each sheet of the manifold form. A gelatin carbon "dope" must be ap-
plied in a thin layer to the tissue base. This dope must have a high fracturing quality that will permit it to break loose
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from the tissue sheet as easily as possible, 80 as to make the darkest possible impression with a minimum of "waste"
(i.e., dope retained by the tissue). -

These practical considerations dictate the chemical constituents of "one-time” carbon paper and are factors that
aid its identification. For example, if a second or third sheet from a manifold form has been altered by erasure and
retyped with a dissimilar type of carbon paper {generally, a form of typewriter carbon), this fact can often be ascer-
tained by an examination of the typewritten impression. Also, when an honest error made in typing a manifold
document has been erased by the original typist and retyped, evidence of this erasure will exist and the retyped por-
tion will ordinarily be considerably fainter than the surrounding typewritten matter, owing to the very nature of
“one-time" carbon paper.

§ 20, Carbon paper—Typewriter carbon

The basic problem in manufacturing typewriter carbon is to make gach sheet capable of producing many copies
without smearing or becoming faint and illegible. Up to 50 copies can be made from one sheet of the better gradey
of typewriter carbon, The base tissue of this paper must be strong enough to resist the repeated blows of the type
bars; at the same time, it must also be thick enough to permit clear registration of the typing on each underlying
sheet of paper, even though there may be as many as 10 sheets in the typewriter. The carbon dope must also be rela-
tively thick and have fracturing qualities that permit only a thin layer of dope to break free on each striking of a key,
thus leaving sufficient dope adhering to the tissue to permit repeated use of the carbon.

The manufacture of typewriter carbon paper is a much slower and more precise operation than the manufacture
of "one-time" carbon, since a greater degree of quality and uniformity of impression is expected. Any manufacturing
method, whether mechanical or chemical, that will appreciably increase the efficiency of typewriter carbon paper
without an increase in cost, or any method that will reduce the manufacturing cost without impairing quality, is usu-
ally a highly guarded industrial secret, It is therefore unlikely that carbon paper produced by any two companies will
be identical in chemical composition. This, of conrse, is a circumstance that aids greatly in the identification of par-
ticular carbons. Another aid to the investigator is the individual appearance of carbon copies; it is nearly impossible,
for example, to reproduce the exact shade of color or amount of blur of the original carbon in a way that would pass
the scrutiny of a setious investigator.

§ 21. Carbon paper—Pen and pencil carbon

Pencil carbon paper reproduces the impressions of blunter and softer instruments than typewritet carbon repro-
duces. This is accomplished by making the carbon tissue sheet and dope thicker, and by using lower quality raw
materials. In many sales books the carbon dope is applied directly to the back of all but the last sheet, so that sepa-
rate carbon sheets are not required. The dope employed in this process is often of a cheapet grade than that used in
ordinary "one-time" carbon paper, and its function is to transfer only a thin film of carbon to the sheet undemeath it
in response to the pressure of the writing instrument.

Pencil carbons are used in receipt books and other business forms. Detecting alterations in the so-called carbon
copy is not as difficult as the problem of making the alteration, since receipt papers are often of the cheapest quality
and thus are easily torn or stained in the process of erasure.

Fountain pen carbon paper differs essentially from pencil carbon paper in that the dope employed in the manu-
facture of the former fractures and transfers to the underlying paper at a considerably softer pressure. Carbons for
ballpoint pens, however, are made in the same way as pencil carbons.

§ 22. Carbonless paper

Carbonless copy paper or NCR. (no carbon required) paper is an alternative to carbon paper and ¢lectronic copy
machines. Tt consists of multiple sheets of paper, each of which are coated with dye or ink that is micro-encapsulated
into the paper or reactive clay or both. The back of the first sheet is coated with dye; the top of the subsequent sheets
are coated with a clay that reacts with the dye to create a permanent mark. When someone writes with a pen, types
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or uses a printer on the paper, the pressure of the writing instrument canses the micro-capsules to open and spill their
dye. The capsules are small enough to leave an accurate impression on the copied pages.[1]

§ 23. Safety paper

"Safety paper” is paper that has been specially treated in order to make any atternpts at alteration visible and ob-
vious. This paper is used to make identify cards and also bank checks, money orders, and other valuable negotiable
instruments. Safety paper, therefore, actually serves both as a deterrent to crime and also as a means of recognizing
and identifying alterations of instruments,

Safety paper can have both overt and covert security features. An overt feature is one that can be verified im-
mediately by the naked eye without special equipment. A covert feature is not so obvious, and an examiner would
need a chemical or an instrument like infrared light or a microscope to find it. Some examples of security features
are holograms, security threads (a thin, usually metal, thread woven into the paper), chemical sensitizing and em-
bedded security fibers.[1]

There are numerous varieties of safety paper. One variety will show the word "void" in a prominent pattern if
the surface of the paper is effaced by an ink eradicator. In other varieties, the paper's surface pattern will disappear
or the base stock will change its color. Chemical treatment of pulp for the paper while it is being beaten, and also
coating or embossing the finished stock, are ways of making safety papers. In most cases, however, the details of
manufacture are kept secret. .

Various kinds of safety paper have been developed for governmental use, including papers that are sensitive to
liquid, which will render visible any invisible writing thereon; papers that will burn rapidly and leave little ash; and
papers that will be destroyed on immersion in water. An interesting corollary to this last type of paper is its use by
enterprising bookmakers for betting slips. Trays or tubs of water are kept available in the bookmaking establishment
and in the event of a sudden visit by the police, all incriminating slips can be dumped into the water and thus de-
stroyed.

Another form of safety paper is "anti-counterfeit" paper. This type of paper, when used for currency, is impreg-
nated with tiny red and blue silk fibers. The absence of these fibers indicates that & bill is counterfeit. Other anti-
counterfeit paper, such as that used in printing military payment certificates, contains fluorescent fibers that can be
seen when the paper is examined under wltraviolet light.

D. Methods of Identifying Paper
§ 24. In general

[Cumulative Supplement]

Paper is made from many different types of fibrous materials, and there are innumerable processes available for
its manufacture and treatment. As a Tesulf, every American home and place of business contains papers ot paper
products that can be identified as to their origin and date of manufacture by their chemical composition, special in-
dentations, marks, and punctures, and other internal and external features. For example, expensive bond typing pa-
pet, stationery, and handmade paper can be identified by means of watermarks and chainlines. A stamp that is torn
along its perforated edge can be matched microscopically to the sheet from which it was tom; a paper match can be
jdentified in the same manner, even in the absence of any perforations; and a sheet of paper from a gummed-edge
pad can be traced to the pad from which it came. Papers that appear to be alike can be distinguished by physical and
chemical testing. And erasures on paper can be recognized and identified by the destructive action of the particular
eradicating agent. Forensic document examiners are trained to identify water-soaked, charred or burned paper, print-
ing and duplication paper, indented writing and mechanical impressions made on paper. Indeed, if it were not for the
enormous amounts of paper that are manufactured and consumed daily, there would be few problems involved in
identifying particular fragments or sheets of paper.

There are other issues that are intertwined with the identification of paper but that are beyond the scope of this
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article, such as handwriting analysis, identification of inks or dyes used on paper, and location of a specific type-
writet, printer, photocopiers and other machines or instruments that use paper.[1]

CUMULATIVE SUPFLEMENT
Cases:

Fingerprints: Bvidence was sufficient to show that defendant transferred falsified court order by placing it in
prison mail system, so as to support conviction for forgery; defendant, who was clerk in prison's library, had access
to typewtiters and copy machine, which would have equipped him to prepare court ordet, defendant's thumbprins
were found on pages of court order, defendant had unsupervised access to prison's message center, from which en-
velope containing court order was dispatched to prison records department, and defendant had reason to perpetrate
forgery, as court order would have cleared way for his immediate release from prison after serving 13 years of 23-
year sentence. V.AM.S. & 570.090, subd. 1(4). Siate v. Stallings, 158 5.W.3d 316 (Mo. Ct App. W.D. 2005);
West's Key Number Digest, Forgery €~44(.5).

[Top of Section]

{END OF SUPPLEMENT]
§ 25. Chemical tests

As a general rule, the cellulose fibers in paper can be identified by microscopic examination and chemical test-
ing. The usual chemical test employed for fiber identification is a staining process in which different fibers are
stained to different colors and different intensities of the same color. For example, when subjected to a staining
agent called "Herzberg stain," which is a solution of iodine and zinc chloride, cotton and linen fibers will stain to a
wine red, jute to a deep yellow-brown, esparto to a blue or blue-violet, and straw to a blue color. Alhough identifi-
cation is somewhat more complicated in the case of wood pulp, paper chemists nevertheless have at their disposal a
battery of tests that can identify any type of wood pulp paper.

In addition, chemical tests are ofien used to determine whether a substance, such as a drug or blood, has been on
the paper. For cxample, the court in Laime v. State notes that when state troopers searched a safe they found several
sheets of paper which were perforated and the sheets of paper contained a large number of doses of LSD, as indi-
cated by a field chemical test the troopers performed on the paper.[1]}

§ 26. Identification through alterations

Documents that have been altered or tampered with can be identified in various ways. When a document is al-
tered, or when there has been a substitution of pages in it, some trace of the tampering can usnally be found. Dam-
age from physical or chemical erasure, damage to staple holes, indentations made by paper clips, the addition of
foreign adhesives, attempted retouching, unique bends or folds, tears and cuts, unique marks left by photocopiers or
printers and damaged paper are all important clues in this regard. Superficial marks on documents are also signifi-
cant. For instance, if an envelope is addressed with a ballpoint pen, indentations on the contents can be compared
with the writing on the outside of the envelope.

To the layperson, one sheet of paper seems very much like another, especially if the sheets are nearly identical
in color, weight, and surface qualities. Actually, however, this is not the case at all, and an attempt to substitute one
or more pages in manifold documents can often be established by showing subtle differences between the various
kinds of paper used. A skilled paper examiner can detect minute differences in quality between different types of
paper, and may be able to examine a document and state with certainty that one or more of its pages differs from the
others.

§ 27. Identification through alterations—Particular alteration method used
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