
               SAN DIEGO POLICE 

          FORENSIC SCIENCE SECTION 

 

 

 

 

 

Questioned Documents 

Unit Manual 
 

 

 

 

 

 

 

 

 

 Issuing Authority:  John Simms, Quality Manager  

ARCHIVED



Page 2 of 50 Issuing Authority:  John Simms, QM  Questioned Documents Unit Manual Jan 2015 
 

Printed Documents are Not Controlled 

1.1 INTRODUCTION 

 

UNIT DESCRIPTION  

Office hours are based on an alternative work schedule and generally run from 0930 

to 2000 hours.  Staffing currently consists of one (1) full-time Document Examiner - 

and one part-time Document Examiner.  Both examiners are trained in laboratory 

analyses of document related materials. All positions within this unit are filled by 

civilians. 

 

UNIT FUNCTIONS 

The unit is responsible for examining physical evidence inherent in questioned 

documents, drawing conclusions about source, authenticity, custody, and content, 

and issuing technical reports stating findings. 

 The examiners give expert testimony in court demonstrating examination results. 

Services conducted include: 

1. signature comparisons. 

2.   handwriting/handprinting comparisons. 

3.   number comparisons. 

4.   office machine comparisons 

5.   mechanical impression comparisons 

6.   trace/latent evidence examination 

7.   altered document examination. 

8.   chemical and mechanical erasure detection. 

9.   forgery detection. 

10.  fabricated document detection. 

11. printing process analysis. 

12. paper and ink analysis. 

13.  exemplar collection. 

ARCHIVED



Page 3 of 50 Issuing Authority:  John Simms, QM  Questioned Documents Unit Manual Jan 2015 
 

Printed Documents are Not Controlled 

14. other miscellaneous document examination/preparation. 

15. investigator training. 

16. other duties as assigned. 
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2.1 WORK REQUESTS  

 

The Documents Unit work request form PD-835 can be submitted to either the 

laboratory receptionist, the Documents Unit, the crime laboratory manager, or 

Questioned Documents Unit supervisor.  A request may be submitted on other 

laboratory forms. 

The request will be processed through the Clerical Unit for entry into the 

laboratory’s work request database before it is distributed to the unit. 

  ARCHIVED
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2.2 CASE ASSIGNMENT  

 

Incoming cases are examined by the unit in order of priority, and then by date 

received.  When a document examiner is ready for a new case, the examiner will 

take the next case in priority. Whenever an examiner begins work on a case, the 

supervisor will be informed. 

 

If an examiner is already at work on a case when a higher priority case is 

submitted, the lower priority case will be repackaged and put away until the higher 

priority case is completed. 
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2.3 CASE TRACKING 

 

All requests are logged into the laboratory computer database by the Clerical Unit. 

Unit case statistics (completed cases, backlogged cases, etc.) are available upon 

request. 

Case assignment and completion are tracked by the unit supervisor with the dates 

being entered into the laboratory case tracking database. 
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2.4 RECEIVING EVIDENCE 

 

Evidence may reach the Documents Unit by the following routes: 

 

1. The evidence can be impounded in the Property Room and received by 

the examiner.  

2. A requesting officer can submit evidence directly to the examiner 

during walk-in examinations. 

3. Direct transfers other than walk-ins. 

 

Due to the importance of chain-of-custody, evidence submitted through inter-office 

mail will not be accepted.  It will be routed back to the detective.   

Impounded evidence is not to remain in the unit for more than one month if it is not 

being analyzed.  The examiner must return the evidence and pick it up again later 

when the case is ready to be worked. 
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3.1 TYPEWRITER COMPARISONS 

 

INTRODUCTION 

Typewriting comparisons are based on the fact that the use of a typewriter, like any 

mechanical instrument, can cause wear and damage to its various working parts 

that may lead to the appearance of defects in the work from the typing source. The 

defects that occur from the wear and damage can serve to individualize the typing 

source. The identification of a typing source to its typed product or the identification 

of two typed products as having been produced by the same typing source is 

established by the agreement of the following: 

The same size type 

Identical typeface design 

The same unique combination of identifying features 

The same horizontal spacing  

 

APPARATUS 

Stereomicroscope 

 White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC. 

Typewriter alignment grids 

 

SAFETY PRECAUTIONS 

Established laboratory guidelines should be followed concerning the examination of 

typewriters and typewritten material that may be contaminated with biohazard or 

chemical material. 

 

PROCEDURE 

In conjunction with the steps outlined in this method, all other established 

laboratory guidelines and procedures are followed. 
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The following method is only a basic guideline for the examination of evidence 

submitted for typewriting comparisons. The actual typewriting comparison may 

include, but is not limited to, the points mentioned in the following method. The 

order in which the procedure is conducted is at the document examiner’s discretion.   

If the typewriter or typing system is electronic, it may be important for the 

questioned document examiner to become familiar with its operation so that any 

data stored in the machine or system will not be lost.  Note and record the following 

settings as they were when the typewriter was received into the laboratory as 

evidence: 

Margins 

Tabs 

Vertical spacing setting 

Horizontal spacing setting on a dual escapement machine and what settings 

are available 

Pressure settings 

Ribbon settings if the ribbon is present (vertical and lateral) 

Take the appropriate typewriting samples and examine the material for possible 

manufacturing or “wear-and-tear” defects, including, but not limited to, the 

following: 

Printing defects: 

Typeface 

Alignment 

Machine defects: 

Variation in the spacing between letters or lines 

Slippage of paper so successive lines are not parallel or evenly spaced 

Improper ribbon operation affecting the printed impression 

Defective operation of margin stops 

Characters consistently “off their feet” on the bottom, side or top edges 

due to improper platen or typeface adjustment 
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Rebounding of characters 

Transitory defects: 

Dirty typefaces 

Worn fabric ribbon 

If the actual ribbon and/or correction tape is submitted and is readable, proceed to 

try to locate any questioned text or corrections.  If the questioned text and/or 

corrections are located on the carbon ribbon or correction tape, attempt to make a 

paper fiber impression comparison or a physical match of the edges of the 

typewritten characters. 

For all typewritten material submitted, examine it and take appropriate notes on 

the following: 

Horizontal spacing 

Vertical spacing 

Interpol Classification 

Bouffard’s Typewriter Type Style Computer Classification system  

Hard Copy F.B.I. Office Equipment Data Files 

(It may not be necessary to reference all of these classification systems.) 

Typing Mechanism 

Type style 

Ribbon type 

Correction method 

Right justification 

Double-strike or bold type 

Insertions and/or additions 

Typist identification characteristics 

Any defects or individual characteristics 
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After the suspect typewriter(s) and typewritten material have been examined, a 

comparison can be made between them to determine if there are similarities and/or 

differences between them. 

Evaluate the significance of the similarities and differences noted. 

Arrive at a conclusion. 

Prepare a report. 

 

REFERENCES 

 Instructions for classification systems 

 FBI Typewriter Manuals 
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3.2 OBLITERATIONS 

 

APPARATUS 

Stereomicroscope 

White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC. 

ESDA 

 

PROCEDURE 

In conjunction with the steps outlined in this method, all other established 

guidelines and procedures are followed, including basic guidelines for examination 

and handling of evidence and those for specific types of instruments used in the 

examination of obliterations. 

The examination may include but is not limited to the points outlined in the 

method.  The order in which the steps of the procedure are carried out is up to the 

individual forensic document examiner who is examining the evidence. 

Examine the area of the obliteration with the stereomicroscope and look for 

fragments of the original writing. 

Examine the obliterated area with the VSC and/or Alternate Light Source.  If 

necessary, examine the obliterated area with the ESDA. 

Acetate-assisted photocopying may be helpful in the decipherment of opaqued 

writing.  Thick and colored substrates will hinder this method. 

If necessary, an obliteration material, like white-out, may be removed.  This is 

destructive to the document so it must not be done until all other examinations are 

completed and permission has been given from the submitting agency.  While 

viewing the obliteration under low power magnification, use a scalpel or an Exacto 

knife to scrape away, little by little, the opaquing material. 

If desired, make a photograph, photocopy or video print of the results. 

Prepare a report. 
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CONTROLS 

Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to 

ensure that the equipment is working properly. Document the results in the case 

notes. 

 

REFERENCES 

Osborn, A. S., Questioned Documents 2d ed., Boyd Printing Co., Albany, NY, 1929 

Conway, J. V. P., Evidential Documents. Charles C. Thomas, Springfield IL, 1959 ARCHIVED
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3.3 PAPER EXAMINATIONS 

 

APPARATUS 

Microscopes 

White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC.ESDA 

 

PROCEDURE 

Make a visual examination of the paper (both with and without the microscope) for 

the following features: 

1) Color, brightness and opacity 

2) Texture or pattern on the paper 

- Smoothness 

- Web or wove sides 

3) Watermarks 

4) Weight 

5) Size and shape of the paper 

6) How the edges were cut 

7) Fiber direction 

Using the VSC, the UV light or the ALS, examine the paper for the presence of the 

following: 

1) Fibers that fluoresce 

2) Fluorescence of filler, starch, etc. 

3) Wetting patterns 

 

If desired, an ESDA examination can be made of the paper. 
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If more information needs to be obtained from the watermark for dating purposes, 

attempt to locate the manufacturer and obtain any relevant dating information. 

Lockwood-Post’s Directory can be helpful in obtaining the manufacturer’s 

information. 

When the examination is finished, incorporate the findings into a document 

examination report. 

 

CONTROLS 

Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to 

ensure that the equipment is working properly. Document the results in the case 

notes. 

 

COMMENTS 

It is best to remember that within a ream of paper from a company, it is possible to 

find sheets that appear to be different from the other sheets. Therefore, if two 

sheets react differently to UV light and there is no other basis to differentiate them 

(such as watermarks, size, etc.), it may be difficult to say whether they came from 

the same or different sources. 

 

REFERENCES 

Osborn, A. S., Questioned Documents 2d ed., Boyd Printing Co., Albany, NY, 1929 

Conway, J. V. P., Evidential Documents. Charles C. Thomas, Springfield Il, 1959 
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3.4 EXAMINATION OF PHOTOCOPIES AND LASER-

PRINTED DOCUMENTS 

 

INTRODUCTION 

This method covers the procedures used in the examination of photocopied and 

laser-printed documents.  Laser printers operate by the xerographic process and so 

their output can be analyzed in the same manner as photocopied documents. 

The identification of a photocopier as the source of a copy requires that the method 

of production be similar (class characteristics) and that a unique pattern of defects 

(trash marks) be present on the platen, drum and/or lens. Fusing roller defects 

provide another source of individualizing marks.  Recent color copiers also may 

incorporate anti-counterfeiting technology that may be used to identify a specific 

machine.  

 

APPARATUS AND REAGENTS 

Microscopes 

Oblique lighting 

White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC. 

Electrostatic Detection Apparatus 

 

PROCEDURE 

Determine what are the questioned photocopies and what are the known 

photocopies. 

Examine the papers to see if they are similar or different. (Refer to the Procedure 

for Paper Examinations.) 

Examine the toner for the following information: 

  Method of application: 

Dry toner particles are placed on the document and are   

attached to the document using pressure, heat and/or hard and soft rollers. 
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Liquid toner will appear absorbed by the paper fibers. 

On color copies, examine the pattern of toner particle placement. 

 Determine if a color copy is a 3 or 4 color process. 

Examine the document(s) for any marks associated with the operation of the 

photocopier such as picker bar marks, roller marks, etc. 

Examine any trash mark patterns that may identify the machine used to produce 

the document(s). 

Examine the document with oblique lighting and/or ESDA to detect the 

indentations caused by fusing roller defects. 

Examine color copies for an encoded pattern that may be present and could be used 

to trace the serial number of the machine through the manufacturer.  

If needed, the examiner can refer the submitting agency to an ink/toner chemist to 

classify the toner, as an additional method of sourcing the photocopy. 

Document all the observations, findings, and then prepare a report. 

 

CONTROLS 

Immediately prior to using the ESDA, run an appropriate control to ensure that the 

equipment is working properly. Document the results in the case notes. 

 

REFERENCES 

Hilton, Ordway, Scientific Examination of Questioned Documents, CRC Press, 1993 
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3.5 EXAMINATION OF PRINTING PROCESSES 

 

INTRODUCTION 

The identification of the type of printing process used to produce various documents 

is important in the examination and comparison of counterfeit and original 

documents and in the determination of the method of alteration and/or manufacture 

used to produce counterfeit or altered documents. 

 

APPARATUS 

White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC. 

Stereomicroscope 

  

PROCEDURE 

Using the appropriate apparatus, examine the documents for the characteristics 

listed for each of the different printing processes. The Forensic Document Examiner 

must also rely on his/her experience and training and may also use or request 

available standards for comparison. These characteristics are intended to be used as 

a general guide for process identification. 

The Unit has a set of printing process standards that can be used for comparison 

purposes. 

 

Letterpress 

The printed edge of a letter, line or solid has a slight ridge, line or outline of heavier 

ink (“squeeze”). 

Halftone dots, if present, are round with sharply defined circular edges. Normally 

the individual halftone dot will be dark toward the edge and lighter toward the 

center. 

Printing may cause embossing of the paper. 
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Flexography 

The printed edge of a letter, line or solid has a slight ridge or line of heavier ink 

(“squeeze”). 

Halftone dots, if present, may be hollow. 

No embossing. 

May not have a sharply defined edge. 

The cylinder used for this printing process can cause an ink squeeze effect that may 

show the direction of the printing. 

 

Engraving/ Intaglio 

The printed image is raised above the paper surface and is accompanied by an 

indentation on the reverse side of the paper corresponding precisely with the image. 

There may be an increase in smoothness of the paper immediately around the 

image. 

The printed image may have imprecisely defined edges under magnification. 

 

Gravure 

A cell pattern comprises the image and is usually seen as squarish dots separated 

by a grid of straight white lines (as opposed to the halftone dots of letterpress which 

may appear as different sized dots). 

The ink may submerge the grid of white lines and may look mottled in appearance. 

Some of the dots may have a hollow square or circle appearance or may have a “U”, 

“V” or “C” void around the recessed cell. 

Zigzag edges. 

In color gravure, each dot is like a colored bubble with its own white highlight. 

Tone differences are due to the varying depth and size of the cells. 
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Screen Printing 

The texture of the screen may be apparent on the print. 

It probably has a thicker layer of ink. 

The edges may be “feathered” or serrated or show the “lines” of the screen. 

Fluorescent ink may be used. 

May be on various size and shape objects. 

 

Lithography 

Tone changes are due to varying dot sizes. 

Smooth print surface. 

Ink may be slightly dull. 

There is no “ink squeeze” effect. 

Smooth letter edges. 

Capable of printing fine lines. 

If the print is a halftone offset lithography print, as the printing gets darker, the 

dots merge at their circumferences thereby forming a reverse effect of small white 

areas in areas of black. 

Each dot will have a blurred edge but the ink will lie evenly within the dot. 

 

Photographic 

Image is never on the surface. Image is within the emulsion on the paper surface or 

within the paper. 

Prints by other methods will always eventually have an identifiable hard edge 

between the ink and paper whereas a photograph will not have this edge. 

Photographic medium is capable of imperceptible changes from pure white to pure 

dark. 

Cannot focus onto a photograph. 
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Thermography 

This is a finishing process where a plastic coating is put over another type of 

printing method (usually lithography) to give it the raised look and feel of intaglio. 

 

Ink Jet 

Dot matrix type pattern. 

Ink is blown onto paper and may show spatter around printing or a splash effect 

around dots. 

There is no embossing on the paper. 

The Phase Change Printer is a type of ink jet printer that goes from a solid to liquid 

to solid type of ink instead of the traditional liquid ink usually associated with an 

Ink Jet Printer. A document printed with a phase change printer will have a “waxy” 

feel, a definite dot pattern and uses CMYK colors. 

High-end ink jet printers appear as continuous tone printers because each pixel or 

dot is composed of anywhere from zero to thirty-one 15-micron dots. 

 

Impact Dot Matrix 

The dot pattern is usually made from a 7, 9, 18, 24 or 27 pin printer with the 9 and 

24 pin printers being the most common. 

Dots are mechanically impressed into paper. 

Color dot matrix printers may consist of a combination of black, cyan, magenta and 

yellow or a combination of red, green and blue. 

Usually uses a fabric ribbon. 

 

Thermal Dot Matrix 

Dot matrix pattern is apparent. 

There is no embossing on the paper. 

Printing must be on thermal paper. Thermal paper turns black when a drop of 

acetone is placed on the paper. 

ARCHIVED



Page 22 of 50 Issuing Authority:  John Simms, QM  Questioned Documents Unit Manual Jan 2015 
 

Printed Documents are Not Controlled 

Typewriter 

Cloth Ribbon 

Printing may show a fabric pattern from the cloth ribbon. 

Carbon Ribbon 

Carbon from a ribbon is transferred to the paper and depending on the type of 

carbon ribbon used, it may flake off the surface of the paper. 

Lift-off correction or cover-up correction may also be present. 

Thermal Ribbon 

Carbon from a ribbon is melted off and onto the paper. 

A dot-matrix type pattern is present. 

       

Check Writers 

Impression formats can be ridge and groove impressions seen as parallel lines, 

pinhole impressions with the characteristic appearance of tiny holes through the 

paper stock or as embossing from the reverse side of the document. 

Perforating check-writing machines can utilize liquid ink or an inked ribbon. 

 

Electrostatic Printing 

Dry Toner 

Toner particles are seen clustered around printed areas and may be seen scattered 

on other areas of the paper. 

Trash marks/drum marks may be present. 

Liquid Toner 

May give an appearance similar to lithographic printing. 

Toner may appear on non-printed areas of the paper. 

Trash marks/drum marks may be present. 

Color Toner Process 
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Toner particles may be scattered on non-printed areas of the paper. 

If it is a full-color process, toners in cyan, magenta, yellow and  

sometimes black will be present. 

There may be scanning lines present in the toner. 

 

Thermal Transfer 

Appears as shiny wax-based ink. 

Usually on smooth surface paper. 

Ink will have a layered look and uses a three-color (CMY), four-color (CMYK) or a 

four-color process where the first color layer is a transparent wax base. This last 

process can be printed on plain paper. 

 

Dye Sublimation 

Has an appearance like a photograph. 

Uses a three- or four-color process. 

Tries unsuccessfully to duplicate the photographic continuous tone. 

Special paper process. 

“Ribbon like” surface pattern. 

 

Laser Printing 

Is composed of dry toner. 

May have alias (stair-step effect) on edges. 

May have drum defect marks. 

 

REFERENCES 

Pocket Pal, International Paper, 17th Edition 
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3.6 DETERMINATION OF LINE SEQUENCE 

 

INTRODUCTION 

The determination of line sequence may be helpful in determining an addition to a 

document, alteration of a document, or the time sequence of producing a document. 

In many cases, the examiner may not be able to make a definite determination of 

the line sequence. 

 

APPARATUS 

White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC. 

Stereomicroscope 

Electrostatic Detection Apparatus 

 

PROCEDURE 

If possible, determine the direction of the stroke(s). (Refer to the method for the 

Determination of Direction of Writing Instrument Strokes.) 

Examine the line intersection using the microscope, VSC, and alternate light 

source. Check for differences in inks used and check to see if material from the first 

writing is dispersed or redistributed along the later line. 

Examine the paper surface to determine if paper fibers are dislodged, displaced, or 

distorted in such a way as to show writing sequence. 

Examine the depressions in the paper formed by the writing instruments to see if 

the continuity or interruption of the wall or trough indicates line sequence. Observe 

skipping of the later stroke, narrowing of the later stroke where the two lines meet, 

and ink loading. 

Examine the reverse side of the document at the line crossing. 

If the line crossing involves carbon-typewritten impressions, lifting of the carbon 

may be necessary. However, this is a destructive process and approval must be 

obtained before destructive testing can be done. 
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Examine folded and creased areas of paper where line sequence is questioned by 

noting any breakage of the ink line, skipping, globbing, or leaching out of the ink 

into the disturbed paper fibers. 

The Electrostatic Detection method should be followed. 

Apparatus may be used to assist in the determination of line sequence by revealing, 

if it can be determined, which writing impressions gives a continuous impression on 

the ESDA print(s). 

Many factors influence the determination of line sequence problems and this type of 

examination warrants extreme caution. Some of these factors include, but are not 

limited to, the fluidity and drying time of writing materials, pressure used to 

produce lines, colors of the ink (dark lines almost always appear to be on top, even 

when they are not), and the particular combination of paper, pens, pencil, carbon, 

etc. used. 

When the examination is finished, incorporate the results into a document 

examination report. 

 

CONTROLS 

Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to 

ensure that the equipment is working properly. Document the results in the case 

notes. 

 

REFERENCES 

Osborn, A. S., Questioned Documents 2d ed., Boyd Printing Co., Albany, NY, 1929 

Conway, J. V. P. Evidential Documents. Charles C. Thomas, Springfield Il, 1959 
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3.7 VSC 2000  

 

STARTUP 

Turn on the VSC2000. 

Start the VSC2000 software. 

 

CASE MANAGEMENT 

Beginning a new case 

Select “Case Selection” tab. 

In the “New Case Folder” field, enter the case number (if there is no case 

number, enter the lab number or other unique identifier). 

Click on the “OK” button. 

Adding evidence items 

Select the “Item/Exhibit” tab. 

Click the “New File” button. 

Enter the suspect’s name in the “Case Description” field (if there is no 

suspect listed, use the victim’s name or other identifier). 

Select the operator from the drop-down menu 

Click the “Save As” button. 

Enter the item number in the “File name” field. 

Click the “Save” button. 

Adding notes 

General 

Select the “General Notes” tab. 

Enter notes that pertain to the case. 

Click on the “Save Comments” button. 
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Image 

Select the “Image Preview” tab. 

Select the item for which you wish to add a note. 

Select the highlighted “Image” tab. 

Enter notes that pertain to that item. 

Click on the “Save Comments” button. 

 

EXAMINATIONS 

General 

Beginning examination 

Select the “Case Selection” tab 

Click on the case you wish to examine. 

Select the “Item/Exhibit” tab. 

Select the item number in the “Item/Exhibit Files” list. 

Click the “Main Screen” button in the upper left corner of the screen. 

To use the Compact Video Microscope, click the “Imaging” button on the 

toolbar, and select “External Camera”. Change lenses as needed to achieve 

desired magnification. 

 

Color / Black and White Cameras 

The “Colour” button toggles between the black and white camera and the 

color camera. 

Focus 

Focus the camera by clicking the “Focus” button with the right or left mouse 

button, as appropriate. 
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Zoom 

Optical 

Zoom in or out by clicking the “Zoom” button with the right or left 

mouse button, respectively. 

Digital 

Change the level of digital zoom by left or right clicking on the double-

headed arrow in either the “Digital Zoom” or “Required Mag.” Areas. 

Contrast 

Click on the up or down arrows or click and drag the contrast slider. 

Brightness 

Click on the up or down arrows or click and drag the brightness slider. 

Color Balance (when the color camera is selected) 

Click on the up or down arrows or click and drag the color balance slider. 

Integration 

Click the up or down arrows until the desired level of integration is achieved. 

Infrared Reflectance 

Place the evidence into the VSC2000. 

Click the “Infrared” button. 

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary 

Right click on the double arrow for the upper (longpass) filter slider until all 

filters have been used, saving images as desired. 

Click the “Off” button for the longpass filter slider 

Right click on the double arrow for the lower (bandpass) filter slider until all 

filters have been used, saving images as desired. 

Click the “Off” button for the bandpass filter slider. 
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If desired, the longpass and bandpass filters may be used in combination. 

 

Infrared Luminescence 

Place the evidence into the VSC2000. 

Click the “Spot” button  

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 

Left click the double arrow for the “Spot” light source until it is set at 400/480 

Right click the double arrow for the lower (bandpass) filter slider until all 

filters have been used, saving images as desired. 

Click the “Off” button for the bandpass filter slider. 

Repeat until all of the “Spot” light source wavelengths have been viewed. 

Co-axial 

Place the evidence into the VSC2000. 

Click the “Co-axial” button  

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 

Adjust brightness and contrast, as necessary. 

Set integration level, as necessary. 

Save images as desired. 

Transmitted 

Place the evidence into the VSC2000. 

Click the “Transmitted” button  

Focus and zoom as desired to fill the frame with the desired area. 

ARCHIVED



Page 30 of 50 Issuing Authority:  John Simms, QM  Questioned Documents Unit Manual Jan 2015 
 

Printed Documents are Not Controlled 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 

Adjust brightness and contrast, as necessary. 

Set integration level, as necessary. 

Save images as desired. 

Ultra-Violet 

Place the evidence into the VSC2000. 

Click the “Ultra Violet” button. 

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 

Right click on the double arrow for the upper (longpass) filter slider until all 

filters have been used, saving images as desired. 

Click the “Off” button for the longpass filter slider. 

Right click on the double arrow for the lower (bandpass) filter slider until all 

filters have been used, saving images as desired. 

Click the “Off” button for the bandpass filter slider. 

If desired, the longpass and bandpass filters may be used in combination. 

Oblique 

Place the evidence into the VSC2000. 

Click the “Side” button  

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 

Adjust brightness and contrast, as necessary. 

Set integration level, as necessary. 
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Save images as desired. 

Spectrometry 

Place the evidence into the VSC2000. 

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 

Adjust brightness and contrast, as necessary. 

Click the Spectrometer button on the toolbar. 

Select spectrum type. 

Follow on-screen prompts. 

Save images as desired. 

Scan 

Place the evidence into the VSC2000.  

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 

Adjust brightness and contrast, as necessary. 

Click the Scan button on the toolbar. 

Follow on-screen prompts. 

When scan is completed, correct focus and exposure as necessary. 

Save images as desired. 

Compare 

Place the evidence into the VSC2000. 

Focus and zoom as desired to fill the frame with the desired area. 

Click the “Live” button, if necessary. 

Click the “Off” button for both filters, if necessary. 
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Adjust brightness and contrast, as necessary. 

Drag the bandpass filter slider to the right until the inks begin to visually 

separate. 

Drag the bandpass filter slider to the left until the inks again appear similar. 

Click the Compare button on the toolbar. 

Repeat as needed. 

Save images as desired. 

 

QUALITY ASSURANCE 

Immediately prior to examining a case with the VSC 2000, the Documents Unit will 

test the VSC2000’s IRR, IRL, Ultraviolet, and Transmitted Light functions by 

examining the four sample documents provided by the manufacturer and comparing 

the results with the manufacturer’s results. Document the results in the case notes. 

The VSC settings used for analysis are displayed at the bottom of each captured image. 

 

REFERENCES 

Foster & Freeman LTD., “VSC2000 Operations Manual" 
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3.8 ELECTROSTATIC DETECTION APPARATUS 

 

INTRODUCTION 

The ESDA (Electrostatic Detection Apparatus) is used to detect indented writing 

(latent impressions) on documents. 

 

PROCEDURE 

Throughout evidence processing, the instrument must be tested to confirm adequate 

operating performance.  A control bearing indentations and embossings will be 

processed at the same time as the case evidence. 

The humidification time is 5 to 15 minutes.  A dry run of each document shall 

precede any humidification run. 

Before placing the document on the sintered surface of the vacuum bed, wipe the 

surface with a dry tissue to remove dust or residual beads. 

Before using the humidity chamber, wipe the inside of the lid and the wire rack 

with a dry tissue to remove excess moisture. 

Place the document on the wire rack and close the cover and begin the 

humidification process. 

Handling the document as little as possible, wearing gloves, place the document on 

the sintered surface and turn on the instrument pump. 

Pull the imaging film across the top of the document and cut the film at the trailing 

end.  Make sure to completely cover the document and the vacuum plate. 

Gently flatten the film if necessary.  Any wrinkles that may form can be removed by 

gently pulling at the side of the film.  Do not touch the surface of the film because 

this will leave marks on the film. 

Hold the back of the corona wand unit with the emitting side downwards and turn 

on the center "Corona" switch. Pass the wand across the document at least 4 times 

at a distance of 1-3 inches above the document. Turn the corona unit off and place 

emitting side down on a non-metallic surface. The corona wire contains a very high 

voltage so be careful when handling the unit. 
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Raising the vacuum bed at a slight angle, pour the Cascade Developer beads onto 

the surface of the imaging film so that the developer flows evenly over the surface of 

the document. Continue pouring the developer until a suitable image is formed. 

Retrieve any Cascade Developer from the catch tray by tilting the tray and 

emptying it into a suitable container such as the Foster and Freeman canisters. 

Brush away any excess Cascade Developer beads that may be adhering to the 

surface. 

If evidential indentations do develop, seal the toner on the ESDA lift with a 

laminating sheet. Peel the backing from a transparent adhesive fixing sheet and 

starting at one end of the document, carefully place the adhesive film onto the 

image. Rub softly over the fixing film so that it adheres well to the imaging film. 

Peel the fixed transparency lift from the vacuum bed and document, best 

accomplished with the vacuum pump still turned on. Place the lift on any smooth 

surface such as a whiteboard and work from the center outward to push away any 

bubbles that may have developed. Trim away the edges of the fixed transparency so 

no unfixed powder will be present. Turn off the vacuum pump. 

The following information must be recorded on the lift:  

 Examiner initials 

  Barcode 

 Date 

 Time of humidification 

All results, even if negative, shall be noted. 

Any ESDA lift determined to be positive by the examiner will be treated as 

evidence.  If the case is related to a homicide, all ESDA results will be lifted and 

retained as evidence. 

 

QUALITY ASSURANCE 

A Control which bears indented impressions is processed on the ESDA at the same 

time as the questioned document. The examiner creates the Control at the time of 

the examination by folding a small piece of paper in half and writing on one of the 

outer sides the date, case number, and the examiner's initials. The control is then 

unfolded and placed on the ESDA vacuum bed such that the inner sides, one 

embossed and one indented, are facing up.  Document the results in the case notes. 
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A Grayscale Standard will be kept with the ESDA logbook. When the Cascade 

Developer used for indentation visualization is similar in appearance to the "6" 

Section of the Grayscale, it will be recharged using the following procedure. 

 

RECHARGING (ADDING TONER TO) DEVELOPER BEADS 

Place a funnel into a flask. Tap out a small amount of toner into the funnel. Pour 

beads into the funnel until the flask is approximately half full. Cap the flask and 

shake it vigorously to distribute the toner evenly over all of the Developer beads. 

The vigorous shaking of the glass beads within the glass flask also recharges the 

beads by triboelectrification. Compare these recharged beads visually to the 

Grayscale Standard. Repeat the process until the beads match the "3" or "4" 

Sections of the Standard. Pour these beads into a Cascade Developer canister. 

Repeat the above process until all beads in all canisters have been recharged.  

NOTE: Overcharged Developer beads will cause a very heavy background 

development, so it is best to proceed by small increments of added toner.  

Recharging will be documented by making an entry in the ESDA logbook and 

marking the Cascade Developer canisters with initials and date. 

 

 

COMMENTS 

Humidifying documents may cause a reduction in the ability to visualize latent 

fingerprints. If latent print work is also desired on the questioned document, keep 

the humidifying time to a minimum, no more than 30 cumulative minutes.  

 

REFERENCES 

Waggoner, Lee R. Use of the Electrostatic Detection Apparatus (ESDA) in Indented 

Writing Examinations, unpublished paper 

Foster & Freeman LTD., "ESDA Operating Instructions" Foster & Freeman LTD., 

"Application of the Instrument for the Detection of Indented Writing in Documents" 
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3.9 PHYSICAL MATCH OF PAPER CUTS, TEARS, AND 

PERFORATIONS 

 

The Questioned Documents Unit follows ASTM Standard E2288 - Standard Guide 

for Physical Match of Paper Cuts, Tears, and Perforations in Forensic Document 

Examinations. 
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3.10 INTERPOL TYPEWRITER IDENTIFICATION 

SYSTEM 

 

PROCEDURE 

Determine the horizontal spacing in millimeters of the typewritten material using 

the procedure for American Society of Questioned Document Examiners Typewriter 

Alignment Grids or other suitable measurement tools. 

Compare a lower case “t” from the typewritten material to the Interpol Typewriter 

Identification System and determine if the lower case “t” is a type “1” or a type “2.”   

Compare the numbers “2”, “3”, “4”, “5”, “6” and/or “9” to the Interpol System and 

determine if the number type style is a type “a” or type “b.” 

Compare the lower case “f” from the typewritten material to the Interpol System 

and determine if the lower case “f” is a type “1” or “2” 

Compare the upper case “M” from the typewritten material to the Interpol System 

and determine if the upper case “M” is a type “A” or a type “B”. 

The above steps will provide a code (for example 260 1b2A). That code will be useful 

when examining comparable typeface exemplars found in the FBI Typewriter Type 

Styles manuals. 

If all of the letters and numbers necessary to determine the complete code are not 

found in the questioned typewritten material, a partial code number may be 

determined. Exemplars that display letters and numbers from the partial code can 

then be used for comparison. 

 

REFERENCE MATERIAL 

FBI Typewriter Type Styles manual 
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3.11 TYPEWRITER TYPE STYLE CLASSIFICATION 

COMPUTER DATABASE 

 

INTRODUCTION 

The “TYPE” computer database is a DOS program, which can be launched from 

Windows, used to organize and systematically search and classify typewriter type 

styles. 

 

OPERATION 

The “TYPE” computer program is located on a computer in the Questioned 

Documents Unit. 

When the “TYPE” program is accessed, a title screen appears. 

Press “ENTER” and the main menu screen appears. 

Choose “QUERY CLASSIFICATION” from the main menu. 

Follow the Query Type Classification Screen directions and enter the information 

available about the questioned type style. The paper entitled “TYPE” / 

“TYPEWRITER TYPE STYLE COMPUTER CLASSIFICATION” and associated 

papers by Dr. Philip Bouffard may be referenced when entering information about a 

questioned Type style. It is helpful to initially enter only a minimum amount of 

information available about the questioned typeface so as not to exclude any 

possible type styles. 

When the appropriate information has been entered, press the Page Down Key and 

at the “EDIT QUERY ABORT” prompt, select “QUERY” to make a search for the 

selected entries. 

When the search is complete, the specimens found are displayed in the lower section 

of the screen. The number of records (typewriter specimens) in the system and the 

number of specimens that match the entered criteria are displayed on the screen. 

At the top of the list are displayed all of the character selections in the group. Other 

characters not used in the initial search can be selected for an additional search by 

choosing those characters with different classification numbers. 

When the search is complete, any of the matching specimens can be highlighted 

using the Up and Down Arrow Keys. The F10 key can be pressed to bring up the 
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“MEMO PAD” for the highlighted specimen. Press “ESC” to exit the “MEMO PAD” 

feature. 

Select “P” if you want to print the specimens matching the criteria. When “P” is 

chosen, “DETAIL REPORT”, “SUMMARY REPORT” or “ABORT” can be selected. 

 A “DETAIL REPORT” will print out all matching specimens, including a 

description of all the characters in the matching specimen. A “SUMMARY 

REPORT” is usually all that is necessary to print and check the listed possible 

typefaces. Any reports generated should be examined carefully to be sure that no 

type style has been excluded. 

If information was left out when the type style characteristics were initially entered 

in the program, the report will include, instead of exclude, a type style that contains 

missing information. 

To return to the “QUERY” function to search for additional characters, press “ESC.” 

To exit the program, highlight the “ABORT” command. Press “ENTER” and then 

use the Left and Right Arrow keys to highlight the “UTILITIES/EXIT PROGRAM” 

command. Press “ENTER”. 

 

REFERENCE 

“TYPEWRITER TYPE STYLE COMPUTER CLASSIFICATION”,  Dr. Philip 

Bouffard. 
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3.12 TYPEWRITER ALIGNMENT GRIDS  

 

INTRODUCTION 

Typewriter alignment grids are used for the purpose of detecting alignment defects 

in typewritten material and insertions. 

 

PROCEDURE 

Determine the approximate horizontal spacing by measuring the number of typed 

letters that are in one inch of typewritten material. Common horizontal spacings 

are ten, twelve and fifteen characters to a horizontal inch. The ASQDE 

measurement grids are divided according to the number of millimeters that one 

hundred characters will occupy. Therefore, a horizontal spacing of ten characters to 

the inch would approximate the 254 ASQDE alignment grid, twelve characters to 

the inch would approximate the 212 ASQDE alignment grid and fifteen characters 

to the inch would approximate the 169 ASQDE alignment grid. Numerous other 

grids with different escapements are also available. 

Choose the ASQDE grid/grids that most closely match the measured horizontal 

spacing and place over the typewritten material in question. 

Determine which, if any, of the typewritten characters in the questioned 

typewritten material are out of alignment. 

If using the ASQDE alignment grids to determine the presence of inserted material, 

check to see if all the typewritten material’s alignment is consistent or whether 

sections do not align. 

Document your findings in your case notes and refer to the appropriate technical 

procedure for type of case examination being conducted. 

 

APPARATUS 

 Typewriter alignment grids 

 

REFERENCE 

 Harrison, Wilson R., Suspect Documents, Nelson Hall, Chicago, 1958 
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3.13 POLYESTER ENCAPSULATION 

 

OPERATION 

Cut two pieces of polyester film at least an inch larger on all sides than the 

document to be encapsulated. Working on a grid may be helpful to ensure that the 

document is properly squared. 

Wipe one sheet of polyester film with a soft cloth to remove dirt and establish a 

static charge. The sheet can then be placed on a grid if using one. 

Carefully remove any loose debris from the document. 

Place the document on the piece of polyester and align, allowing approximately a 

one-inch margin of polyester extending around all four sides of the document. 

Apply l/4 or l/2 inch wide double-sided tape to the base polyester film sheet around 

all four sides of the document, at least l/4 inch away from its edge. At this stage, the 

brown protective paper is left on the upper side of the tape. Leave a slight gap in 

the tape in at least two corners to allow trapped air to escape. Each piece of 

evidence should be encapsulated separately and the evidence should not come in 

contact with the double-sided tape. 

Wipe the second piece of polyester with a soft cloth and holding the second piece of 

polyester so it makes a “U”, lay it on top of the document starting from the center 

and working outward. Carefully place a weight on the top piece of polyester film. 

Carefully lift one corner of the top piece of polyester and remove the protective 

paper from the strips of tape bordering each side of the document. The polyester 

should be gently adhered along the lines of exposed tape. 

Use a roller, squeegee, soft cloth or hand to remove any air pockets or bubbles. 

Trim and round the corners of the capsule. 

Mark the capsule with the case number / incident number, item number and 

initials. 

 

ADDITIONAL INFORMATION 

Dupont Mylar Type D polyester film or Cadco Polyester Film in the 5mm and/or 7 

mm thickness may be used for the encapsulation.  
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3M number 415 double-sided tape in the l/4 or l/2 inch width may be used for this 

procedure.  

 

REFERENCE MATERIAL 

“Polyester Encapsulation: An Advance in the Protection of Documentary Evidence”, 

unpublished article by Mary E. Switaj. 
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3.14 DETERMINATION OF DIRECTION OF WRITING 

INSTRUMENT STROKES 

 

INTRODUCTION 

It is important to determine, if possible, the direction of writing instrument strokes 

in comparative handwriting examinations and also in the determination of line 

sequence examinations. 

 

APPARATUS AND REAGENTS 

White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC. 

Stereo microscope 

Video and/or Digital imaging systems 

 

PROCEDURE 

If the examination of the writing involves a ballpoint type of writing instrument, 

observe the striations that may be present. The striations will run toward the 

outside edge of the curve in the direction the pen was moving. 

Observe the deposition of excess ink after a change in direction of the pen. 

Determine which side of the paper fibers the ink or carbon deposits pile up against 

(on the side opposite the direction of travel). 

Form an opinion, if possible, as to the direction of the strokes. 

Incorporate the findings into a document examination report. 

 

REFERENCES 

Osborn, A. S., Questioned Documents 2d ed., Boyd Printing Co., Albany, NY, 1929 

Conway, J. V. P. Evidential Documents. Charles C. Thomas, Springfield Il, 1959 
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3.15 EXAMINATION OF HANDWRITTEN ITEMS 

 

The Questioned Documents Unit follows ASTM Standard E2290 - Standard Guide 

for the Examination of Handwritten Items. 

See ASTM Standard E2290 attachment at left. 
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3.16 INK EXAMINATIONS 

 

INTRODUCTION 

Ink is examined in order to see whether it is similar to or different from other inks. 

This becomes important when examining a document for the presence of alterations 

or obliterations. 

It is rarely possible to say that ink from written material came from a particular 

pen. At best, ink examination shows whether the questioned ink and a suspected 

source could contain the same kind of ink. 

Some ink examinations are destructive. It is always preferable to conduct the non-

destructive tests first and then decide whether the additional, destructive tests will 

be needed. If it is decided that destructive testing should be conducted, it is 

essential that permission be obtained from the submitting agency and the condition 

of the document be recorded before the destructive testing takes place. 

 

APPARATUS AND REAGENTS 

Microscopes 

White light source, and possibly other light sources utilizing specific wavelengths 

such as the ALS and the VSC. 

 

SAFETY CONSIDERATIONS 

Refer to safety considerations outlined in the Standard Operating Procedures for 

the specific instruments or procedures used. 

 

PROCEDURE 

Visually study the document using unaided vision and microscopic assistance. Use 

different lighting sources, including daylight. Note the apparent colors and 

densities. Also note the characteristics of the type of inks used (ballpoint, felt tip, 

roller ball, porous tip, fountain, etc.). 

Use the I.R. devices in the section to examine the inks and document observations. 
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If the forensic document examiner feels it may be helpful, use an alternate light 

source to examine the inks. 

Note: If at this point the inks still appear similar, make a decision whether 

destructive testing would be helpful. 

If a decision is made to conduct destructive (TLC) examinations, record and 

document the condition of the document(s) prior to the start of the TLC testing. 

Consult an ink chemist to conduct the TLC examination. 

After all in-house testing is completed; incorporate the results into a document 

examination report. 

 

STANDARDS / CONTROLS 

Immediately prior to using the ALS or VSC, run an appropriate control to ensure 

that the equipment is working properly. Document the results in the case notes. 

 

COMMENTS 

If additional testing is requested, e.g., dating, relative aging, manufacturer, etc., 

refer the submitting agency to people in the appropriate field. 

 

REFERENCES 

Brunelle, R. L., and Reed, R. W.,  Forensic Examination of Ink and Paper Charles C. 

Thomas, Springfield Il, 1959 
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3.17 INDENTED WRITING 

 

The Questioned Documents Unit follows ASTM Standard E2291 – Standard Guide 

for Indentation Examinations. 
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4.0 REPORTING 

 

NOTE TAKING IN HANDWRITING COMPARISON CASES 

The four ways in which the Questioned Documents Unit may take notes on a 

handwriting comparison case are: filling in blanks on the note form; using 

highlighters to indicate similarities, differences or variations; placing descriptive 

comments on photocopies of evidence; drawing characteristics. 

 

FILLING IN BLANKS 

The note forms have sections for case information, class characteristics, results, and 

miscellaneous information which may be filled in by the examiner. 

 

HIGHLIGHTERS 

The examiner may use highlighters to indicate similarities, differences or variations 

on photocopies of documents. The color purple is used to indicate differences or 

variations. No other color has significance other than as an indicator of similarities. 

 

DESCRIPTIVE COMMENTS 

The examiner may choose to write comments on photocopies of evidence. These 

comments may include microscopic information not visible on the copy, descriptions 

of characteristics, or any other information the examiner feels is necessary. 

 

DRAWING CHARACTERISTICS 

In some cases, the examiner may use a pen or pencil to draw characteristics noted. 
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RELEASE OF PRELIMINARY RESULTS  

Release of preliminary results is defined as a verbal comparison opinion that has 

not received any peer review.  

For the Documents Unit, preliminary results may be released but they may not be 

of a degree higher than "similarities/differences" even if the examiner feels that the 

opinion may be probable, highly probable, or conclusive.  Only after peer review can 

qualified or conclusive opinions be released. 

 

 CONCLUSIONS 

The Questioned Documents Unit follows ASTM Standard E1658 – Standard 

Terminology for Expressing Conclusions of Forensic Document Examiners. 

For conclusions of “Neither Eliminate Nor Identify (NENI)” or “Indications” (according to ASTM 
Standard 1658), the examiner will include a statement in the case notes to explain the uncertainty 
of the conclusion. 

 

FINAL PACKET REQUIREMENTS 

Standard Report 

1. Typewritten or word-processed formal report 

2. Documents examination request form 

3. Questioned document note form 

4. Copies of evidence on identification and qualified opinions 

5. Display materials (optional) 

6. Correspondence 

7. Any additional official case documentation (i.e. chain of custody, etc.) 

 

Homicide Report--Requirements Same as Standard Report Except: 

1. All evidence must be copied regardless of opinion. 

2. All questioned documents which are subject to destructive testing or   
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processing must be photographed or scanned.. 

 3. All ESDA findings will be documented with ESDA lifts. 

 

DISTRIBUTION 

Final packets with notes will be given to the Clerical Unit for report distribution 

and filing in the main laboratory files. 

 

STATISTICS 

Case statistics will be submitted to the supervisor with each completed case.  ARCHIVED
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Designation: E 2331 – 04


Standard Guide for
Examination of Altered Documents 1


This standard is issued under the fixed designation E 2331; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This Guide provides procedures for examinations that
should be used by forensic document examiners (E 444) for
examinations involving altered documents.


1.2 These procedures are applicable whether the examina-
tion(s) are of questioned and known items, exclusively ques-
tioned items, or a single item.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.5 This Guide may not cover all aspects of unusual or
uncommon examinations.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:2


E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners


E 1422 Guide for Test Methods for Forensic Writing Ink
Comparison


E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to Forensic Document Ex-


amination
E 2291 Guide for Indentation Examinations


3. Terminology


3.1 Definitions:
3.1.1 For definitions of terms in this guide, refer to Termi-


nologies E 1732 and E 2195.


3.2 Definitions:
3.2.1 alteration, n—a modification made to a document by


physical, chemical or mechanical means including, but not
limited to, obliterations, additions, overwritings, or erasures.


3.2.2 digital image, n—an image that is stored in numerical
form.3


3.2.3 digital image processing, n—any activity that trans-
forms a digital image.


3.2.4 electrostatic detection device (EDD), n—an instru-
ment that uses electrostatic charge as the mechanism to
visualize paper fiber disturbances (for example, indentations,
erasures, typewritten material/lift off).


3.2.5 erasure, n—the area where material has been removed
from a document by chemical, abrasive, or other means.


3.2.6 fluorescence, n—a process by which radiant flux of
certain wavelengths is absorbed and reradiated non-thermally
at other, usually longer, wavelengths. E 1422


3.2.7 infrared (IR), n—referring to radiant flux having
wavelengths longer than the wavelengths of light, usually
wavelengths from about 760 nm to about 3 mm. E 1422


3.2.8 infrared luminescence (IRL), n—the emission of radi-
ant energy during a transition from an excited electronic state
of an atom, molecule, or ion to a lower electronic state
(fluorescence or phosphorescence, or both), where the spec-
trum of the excitation source is in the ultraviolet (UV) or
visible region of the electromagnetic spectrum, or both, and the
spectrum of the emitted energy is in the far red or infrared (IR)
region of the electromagnetic spectrum. E 1422


3.2.9 side lighting, n—illumination from a light source that
is at a low angle of incidence, or even parallel, to the surface
of the item. Syn.,oblique lighting.


3.2.10 transmitted light, n—illumination that passes
through a document.


3.2.11 ultraviolet (UV), n—referring to radiant flux having
wavelengths shorter than the wavelengths of light, usually
wavelengths from about 10 to 380 nm. E 1422


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved March 1, 2004. Published April 2004.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.


3 Scientific Working Group on Imaging Technologies (SWGIT) Definitions and
Guidelines for the Use of Imaging Technologies in the Criminal Justice System,
Forensic Science Communications, July 2001, Vol 3, Num. 3.
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3.2.11.1Discussion—Long-wave UV usually refers to the
spectral range of UV-A, with wavelengths from about 315 to
380 nm. Short-wave UV usually refers to the spectral range of
UV-C, with wavelengths from 100 to 280 nm.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether a document has been altered.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this Guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to submission of non-original
documents, limited comparability, or condition of the items
submitted for examination (for example, items that are stained,
soiled, water-damaged, charred, or shredded). Such features
are taken into account in this Guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to examine certain character-
istics. Whenever possible, document examinations should be
conducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity and
appropriate type to allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted illumination,
side lighting, and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 The following additional equipment may be used as
required:


6.3.1 IR image conversion device or system with appropri-
ate light sources and filters for use in IR and IR luminescence
examinations.


6.3.2 UV lamps or view box, with both long and short
wavelength lamps.


6.3.3 Imaging or other equipment for recording observa-
tions.


6.3.4 Measuring devices (for example, typewriter grids,
magnifiers with reticule patterns, or appropriate software).


6.3.5 Electrostatic detection device.
6.3.6 Other equipment as appropriate.
6.4 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.1 Examinations performed, relevant observations, and
results shall be documented.


7.2 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue the procedure(s). It is at the discretion of
the examiner to discontinue the procedure at that point and
report accordingly or to continue with the applicable proce-
dures to the extent possible. The reasons for such a decision
shall be documented.


7.3 Examine the document for the presence of characteris-
tics indicative of alterations. These can include, but are not
limited to, the following:


NOTE 2—Care must be taken in the evaluation of the following
characteristics that may occur in the normal preparation, handling, and
storage of the document.


7.3.1 Overwriting,
7.3.2 Characteristics of multiple writing instruments,
7.3.3 Crowded or awkward placement of writing and/or


printed text,
7.3.4 Paper fiber disturbance,
7.3.5 Use of different fonts, sizes, and/or styles,
7.3.6 Area(s) of discoloration,
7.3.7 Presence of an obscuring substance,
7.3.8 Smearing,
7.3.9 Uneven margins,
7.3.10 Different printing processes,
7.3.11 Irregular spacing and alignment, both vertical and


horizontal,
7.3.12 Differences in fastening and binding mark,
7.3.13 Inconsistent handwriting features,
7.3.14 Unusual sequence of line intersections contrary to


what may be claimed, and
7.3.15 Variations in paper characteristics.


NON-DESTRUCTIVE EXAMINATIONS


7.4 Non-destructive procedures shall be performed when
applicable and need not be performed in the order given.


7.5 Examine the document macroscopically, or microscopi-
cally, or both.


7.6 Examine the document using various lighting tech-
niques, such as side lighting (see Guide E 2291), and transmit-
ted lighting.


7.7 Examine the doucment using visulaizing techniques
such as UV, RIR, and IRL (see Guide E 1422).


7.8 Make appropriate measurements.
7.9 Process the document using an EDD.
7.10 Examine the document with appropriate imaging tech-


niques, such as photography or digital image processing.
7.11 Analyze, compare, and evaluate the findings.
7.12 Determine the need for destructive examinations. If


unnecessary, discontinue examinations, reach a conclusion(s),
and report accordingly.


DESTRUCTIVE EXAMINATIONS


7.13 Destructive examination techniques damage or other-
wise change the document. They should be performed only
after non-destructive methods have been exhausted.
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7.13.1 The use of destructive examination methods may
interfere with the potential for other types of forensic exami-
nations (for example, chemical ink or latent print examina-
tions).


7.13.2 Consultation with the submitter is advisable prior to
destructive testing.


7.13.3 Prior to using these techniques, the item(s) should be
appropriately documented.


7.13.4 These destructive techniques need not be performed
in the order given.


7.14 Where an obscuring substance is present, use a solvent
(for example, petroleum ether, liquid fluorocarbons) to make
the paper translucent for visualization of any obscured entry(s).


NOTE 3—Prolonged exposure to solvents may affect the obscuring
substance.


7.15 To remove an obscuring substance from the docu-
ment(s), use of a solvent such as methanol or ethanol may be
appropriate.


NOTE 4—Some solvents may dissolve ink or toner.


7.16 Physically remove (for example, abrade, scrape, or
peel) the obscuring substance from the document.


7.17 For chemical ink examinations refer to Guide E 1422.


NOTE 5—Chemical ink examinations may be conducted by other
forensic specialists.


7.18 Analyze, compare, and evaluate the findings.
7.19 Reach a conclusion(s), and report accordingly.


8. Report


8.1 Conclusion(s), or opinion(s), or other finding(s) result-
ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should be included in the examiner’s documen-
tation and may also appear in the report.


8.3 Once examinations and evaluations have been com-
pleted, reports may include one or more of the following types
of conclusion(s), opinion(s), and other finding(s):


8.3.1 Whether alterations were observed.
8.3.2 Whether any of the altered entries were decipherable.
8.3.3 The text or description of altered entries.
8.3.3.1 Method or sequence of alterations.
8.3.4 Images of alterations and original entries.
8.3.5 Other information about the alterations.


9. Keywords


9.1 alterations; erasures; forensic sciences; insertions; oblit-
erations; overwriting; questioned documents
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Designation: E 141 – 91 (Reapproved 2003) e1 An American National Standard


Standard Practice for
Acceptance of Evidence Based on the Results of Probability
Sampling 1


This standard is issued under the fixed designation E 141; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


e1 NOTE—Editorial changes were made throughout in November 2003.


1. Scope


1.1 This practice presents rules for accepting or rejecting
evidence based on a sample. Statistical evidence for this
practice is in the form of an estimate of a proportion, an
average, a total, or other numerical characteristic of a finite
population or lot. It is an estimate of the result which would
have been obtained by investigating the entire lot or population
under the same rules and with the same care as was used for the
sample.


1.2 One purpose of this practice is to describe straightfor-
ward sample selection and data calculation procedures so that
courts, commissions, etc. will be able to verify whether such
procedures have been applied. The methods may not give least
uncertainty at least cost, they should however furnish a
reasonable estimate with calculable uncertainty.


1.3 This practice is primarily intended for one-of-a-kind
studies. Repetitive surveys allow estimates of sampling uncer-
tainties to be pooled; the emphasis of this practice is on
estimation of sampling uncertainty from the sample itself. The
parameter of interest for this practice is effectively a constant.
Thus, the principal inference is a simple point estimate to be
used as if it were the unknown constant, rather than, for
example, a forecast or prediction interval or distribution
devised to match a random quantity of interest.


1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 105 Practice for Probability Sampling of Materials2


E 122 Practice for Choice of Sample Size to Estimate a
Measure of Quality for a Lot or Process2


E 178 Practice for Dealing with Outlying Observations2


E 456 Terminology for Statistical Methods2


NOTE 1—Practice E 105 provides a statement of principles for guidance
of ASTM technical committees and others in the preparation of a sampling
plan for a specific material. Practice E 122 aids in deciding on the required
sample size. Practice E 178 helps insure better behaved estimates.
Terminology E 456 provides definitions of statistical terms used in this
standard.


3. Terminology


3.1 Definitions:
3.1.1 Equal Complete Coverage Result, n—the numerical


characteristic (u) of interest calculated from observations made
by drawing randomly from the frame, all of the sampling units
covered by the frame.


3.1.1.1 Discussion—Locating the units and evaluating them
are supposed to be done in exactly the same way and at the
same time as was done for the sample. The quantity itself is
denotedu. The equal complete coverage result is never actually
calculated. Its purpose is to serve as the objectively defined
concrete goal of the investigation. The quantityu may be the
population mean,( Ȳ), total (Y), median (M), the proportion
(P), or any other such quantity.


3.1.2 frame, n—a list, compiled for sampling purposes,
which designates all of the sampling units (items or groups) of
a population or universe to be considered in a specific study.


3.1.2.1 Discussion—The list may cover a specific shipment
or lot, all households in a county, a state, or country; for
example, any population of interest. Every sampling unit in the
frame (1) has a unique serial number, which may be preas-
signed or determined by some definite rule, (2) has an
address—a complete and clear instruction (or rules for its
formulation) as to where and when to make the observation or
evaluation, (3) is based on physically concrete clerical mate-
rials such as directories, dials of clocks or of meters, ledgers,
maps, aerial photographs, etc., referred to in the addresses.


1 This practice is under the jurisdiction of ASTM Committee E11 on Quality and
Statistical Methods and is the direct responsibility of Subcommittee E11.10 on
Sampling.


Current edition approved August 15, 1991. Published November 1991. Origi-
nally published as E 141 – 59 T. Last previous edition E 141 – 69 (1975).


2 Annual Book of ASTM Standards, Vol 14.02.
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3.1.3 sample, n—a group of items, observations, test results,
or portions of material, taken from a larger collection of such
items; it provides information for decisions concerning the
larger collection.


3.1.3.1 Discussion—A particular sample is identified by the
set of serial numbers from the randomization device and by the
addresses on the frame generated by those serial numbers.


3.1.4 sampling unit, n—an item, test specimen or portion of
material that is to be subjected to evaluation as part of the
sampling plan.


3.1.4.1 Discussion—If it is not feasible to select test speci-
mens or laboratory samples individually, the sampling unit
may be a group of items, for example, a row, an entire case of
items, or a prescribed area (as in the examination of a finishing
process).


3.1.4.2 By a more expensive method of measurement (fu-
ture time, more elaborate frame) it may be possible to define a
quantity,u8, as a target parameter or ideal goal of an investi-
gation. Criticism that holdsu to be an inappropriate goal
should demonstrate that the numerical difference betweenu
andu8 is substantial. Measurements may be imprecise but so
long as measurement errors are not too biased, a large size of
the lot or population, N, insures thatu and u8 are essentially
equal.


4. Significance and Use


4.1 This practice is designed to permit users of sample
survey data to judge the trustworthiness of results from such
surveys. Section 5 gives extended definitions of the concepts
basic to survey sampling and the user should verify that such
concepts were indeed used and understood by those who
conducted the survey. What was the frame? How large (ex-
actly) was the quantity N? How was the parameteru estimated
and its standard error calculated? If replicate subsamples were
not used, why not?


4.2 Adequate answers should be given for all questions.
There are many acceptable answers to the last question. If the
sample design was relatively simple, such as simple random or
stratified, then good estimates of sampling variance are easily
available. If a more complex design was used then methods
such as discussed in [1] may be acceptable. Replicate sub-
samples is the most straightforward way to estimate sampling
variances when the survey design is complex.


4.3 Once the survey procedures that were used satisfy
Section 5, consult Section 4 to see if any increase in sample
size is needed. The calculations for making it are objectively
described in Section 4.


4.4 Refer to Section 6 to guide in the interpretation of the
uncertainty in the reported value of the parameter estimate,u,
i.e. the value of its standard error, se(u). The quantity se(u)
should be reviewed to verify that the risks it entails are
commensurate with the size of the sample.


5. Descriptive Terms and Procedures


5.1 Probability Sampling Plans—include instructions for
using either:


5.1.1 carefully prepared tables of random number,
5.1.2 computer algorithms, carefully programmed and run


on a large computer, to generate pseudo-random numbers or,


5.1.3 certifiably honest physical devices, such as coin flips,
to select the sample units so that inferences may be drawn from
the test results and decisions may be made with risks correctly
calculated by probability theory.


5.1.4 Such plans are defined and their relative advantages
discussed in [1], [2] and [6].


5.2 Replicate Subsamples—a number of disjoint samples,
each one separately drawn from the frame in accord with the
same probability sampling plan. When appropriate, separate
laboratories should each work on separate replicate subsamples
and teams of investigators should be assigned to separate
replicate subsamples. This approach insures that the calculated
standard error will not be a systematic underestimate. Such
subsamples were called interpenetrating in [5] where many of
their basic properties were described. See [2] for further theory
and applications.


5.2.1 Discussion—For some types of material a sample
selected with uniform spacing along the frame (systematic
sample) has increased precision over a selection made with
randomly varying spacings (simple random sample). Examples
include sampling mineral ore or grain from a conveyor belt or
sampling from a list of households along a street. If the
systematic sample is obtained by a single random start the plan
is then a probability sampling plan, but it does not permit
calculating the standard error as required by this practice. After
dividing the sample size by an integerk (such ask = 4 or k
= 10) and using a random start for each ofk replicate
subsamples, some of the increased precision of systematic
sampling (and a standard error onk − 1 degrees of freedom)
can be achieved.


5.2.2 Audit Subsample—a small subsample of the survey
sample (as few as 10 observations may be adequate) for review
of all procedures from use of the random numbers through
locating and measurement, to editing, coding, data entry and
tabulation. Selection of the audit subsample may be done by
putting the n sample observations in order as they are collected,
calculating the nearest integer to=n , or some other conve-
nient integer, and taking this number to be the spacing for
systematic selection of the audit subsample. The review should
uncover any gross departures from prescribed practices or any
conceptual misunderstandings in the definitions. If the audit
subsample is large enough (say 30 observations or more) the
regression of audited values on initial observations may be
used to calibrate the estimate. This technique is the method of
two-phase sampling as discussed in [1]. Helpful discussion of
an audit appears in [2].


5.2.3 Estimate—a quantity calculated on the n sample
observations in the same way as the equal complete coverage
result u would have been calculated from the entire set of N
possible observations of the population; the symbolu denotes
the estimate. (In calculatingu, replicate subsample member-
ship is ignored.)


5.2.3.1 Discussion—An estimate has a sampling distribu-
tion induced from the randomness in sample selection. The
equal complete coverage result is effectively a constant while
any estimate is only the value from one particular sample.
Thus, there is a mean value of the sampling distribution and
there is also a standard deviation of the sampling distribution.
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5.2.4 Standard Error—the quantity computed from the
observations as an estimate of the sampling standard deviation
of the estimate;se (u) denotes the standard error.


5.2.4.1 Example 1—Whenu is the population average of the
N quantities and a simple random sample of sizen was drawn,
then the sample averagey becomes the usual estimateu,
where


u 5 ȳ 5 (
i 5 1


n


yi /n. (1)


The quantitiesy1, y2, ..., yn denote the observations. The
standard error is calculated as:


se~u! 5 se~ȳ! 5Œ(
i 5 1


n


~yi 2 ȳ!2/n~n 2 1!. (2)


There aren − 1 degrees of freedom in this standard error.
When the observations are:


81.6, 78.7, 79.7, 78.3, 80.9, 79.5, 79.8, 80.3, 79.5, 80.7
theny = 79.90 andse(ȳ)= 0.32. As this example illustrates,


formula (2) is correct whenk replacesn and subsample
estimates are used in place of observations.


5.2.4.2 Example 2 on the Finite Population Correction
(fpc)—Multiplying se ( ȳ ) by =1 2 n/N is always correct
when the goal of the survey is to estimate the finite population
mean (u = Y). Using the previous data and ifN = 50, then
se(ȳ) becomesse(ȳ)= 0.28 after applying the fpc. If random
measurement error exists in the observations, thenu8 based on
a reference measurement method may be a more appropriate
survey goal thanu (see section 4.1.4.1). If so, thense(ȳ)would
be further adjusted upward by an amount somewhat less than
the downward adjustment of the fpc. Both of these adjustments
are often numerically so small that these adjustments may be
omitted—leavingse(ȳ)of (2) as a slight overestimate.


5.2.4.3 Example 3—If the quantity of interest is (a) a
proportion or (b) a total and the sample is simple random then
the above formulas are still applicable. A proportion is the
mean of zeroes and ones, while the total is a constant times the
mean. Thus:
(a) whenu is taken to be the population proportion (u = P)
then;


u 5 p 5 (yi/n 5 a/n (3)


where:
a is the number of units in the sample with the attribute, and


se~p! 5 =p~1 2 p!/~n 2 1! (4)


(b) whenu = the population total (u = Y) then


u 5 Nȳ and se~u! 5 Nse~ȳ! (5)


If a simple random sample of sizen = 200 hasa = 25 items
with the attribute then the conclusion isu = 0.125 andse
(u) = 0.023 on 199 degrees of freedom.


5.2.4.4 Example 4. If u is a parameter other than a mean or
if the sample design is complex, then replicate subsamples
should be used in the sample design. Denote thek separate
estimates asui, i = 1, 2, ...,k and denote byu the estimate based
on the whole sample. The average of theui will be close to, but
in general not equal tou. The standard error ofu is calculated
as:


se~u! 5Œ(
i 5 1


k


~ui 2 u!2/k~k 2 1! (6)


where u is the average of theui . The standard error is
based onk − 1 degrees of freedom.


The following estimates of percent “drug-in-suit” sales of
prescription drugs were based on 20 replicate subsamples; each
followed a stratified cluster sampling design. The separate
estimates were: 6.8, 7.1, 8.4, 9.5, 8.6, 4.1, 3.7, 3.2, 3.8, 5.8, 8.8,
5.0, 7.9, 8.8, 8.4, 8.1, 6.0, 6.3, 4.5, 5.8. The value ofu was
6.74 % and se(u) = 0.43 % on 19 degrees of freedom. Notice
that u = 6.58 does not equalu = 6.74. This is becauseu is a
ratio of two overall averages whileu is the average of 20
ratios. For an example withk = 2, average1⁄3 and 3⁄5 and
compare to (1 + 3)/(3 + 5).


5.2.5 Procedures—must be described in written form and
should cover the following matters; (1) parties interested in
collecting data should agree on the importance of knowingu
and its definition including measurement methods, (2) the
frame shall be carefully and explicitly constructed;N shall be
well established, (3) random numbers (or a certifiably honest
physical random device) shall dictate selection of the sample.
There will be no substitution of one sampling unit for another.
The method of sample selection shall permit calculation of a
standard error of the estimate (4) the use of replicate sub-
samples is recommended (see section 5.24.2.2); an audit
subsample should be selected and processed and any depar-
tures from prescribed measurement methods and location
instructions noted (see 5.2.2). A report should listu and its
standard error with the degrees of freedom in these ( u).


6. Adequacy of Sample Size


6.1 Deciding on Increasing Sample Size:Choice of sample
size should be made carefully in accordance with Practice
E 122 or on a comparable basis. Since procedures for setting
sample size are based on judgements of the variability to be
encountered, there is a possibility that the standard error as
calculated from the data could greatly exceed that anticipated.
It may happen that the time period of interest for the population
has passed or for some other reasons it is not possible to take
more observations and thus the following discussion should be
ignored. Otherwise, a decision may be made to increase the
number of replicate subsamples or even to carry out a census
of the universe. Such decisions must be made strictly indepen-
dent of knowledge ofu, for example, in adversarial settings one
party may feel the size ofu is inappropriate and will seek to
have it changed. Therefore experimental protocols along with
the standard error should be reviewed prior to announcement of
the estimateu. Once all parties are satisfied (methods are
sound, standard error adequate) then the estimate can be
furnished.


6.2 Increasing Sample Size by Calculating Costs and
Losses:To assume thatu = u is to make a judgement that the
cost of decreasingse (u) by increasing sample size is greater
than the risks stemming fromu not equal tou. If n is to be
increased it is necessary to understand the survey costs as well
as the costs of inaccuracies inu. Survey costs are determined
through ordinary cost accounting procedures. In judging the
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seriousness of inaccuracy inu one needs to imagine losses
entailed if u were one standard error belowu and aboveu.
Calculate these two losses and divide the average by two. This
result represents roughly the gain to be expected by quadru-
pling sample size. If the cost of increasing sample size fromn
to 4n is appreciably less than the above gain there is a basis for
increasing sample size.


6.2.1 Example 5—The estimate of percentage “drug-in-
suit” sales (see 5.2.4.4, Example 4) was to be used in
determining how much drug companies might have to pay to
the state of North Carolina. Thus losses from inaccuracy inu in
this example were relatively clear. The base sales of all
prescription drugs in North Carolina was 700 million dollars.
About 10 % of “drug-in-suit” sales could be judged as over-
pricing. An initial sample of only four replicate subsamples
was taken and these ( u) was found to be 0.7 %. Thus an
overstatement by one standard error would represent a loss to
the drug companies of 0.0073 7003 0.1 = 0.49 million dol-
lars, while an understatement of the same amount would be the
same loss to the state of North Carolina. The average is
$490,000 and half of this is $245,000. Perhaps, from the
court’s viewpoint, not all of this is loss since what one party
overpays, the other gains. Still the survey would have cost
approximately $50,000 to quadruple in size so it was decided
to take the total of 20 subsamples reported on in the above
Example 4.


7. Reporting Results


7.1 Basic Technical Report:
7.1.1 The estimate ofu should be reported as “u with a


standard error ofse (u) on n degrees of freedom.” This form
emphasizes the quantityu which is to be taken in practice to be
the value ofu. It also permits the user to rule out values ofu
as improbable under the evidence, by simple calculations based
on widely available tables of the Studentt distribution.


7.2 Upper and Lower Bounds onu:
7.2.1 Values ofu that can be ruled out because they are (a)


too large or (b) too small, can be calculated as follows:


~a! Upper boundu~U! 5 u 1 ta ~n! se~u!, or (7)


~b! Lower boundu~L! 5 u 2 ta ~n! se~u!, (8)


whereta(n) is the value from the Studentt distribution such
that 100a percent of the distribution exceeds ta(n). A hypoth-
esized value ofu equal to or larger thanu(U) would be rejected
by the sample evidence at thea level of significance. For
values oft see, for example, [3]. For the theory of bounds see
[4].


7.2.2 Example 6. For the percent drug-in-suit data a lower
bound with 5 % level of significance is found as:


u 5 6.742 1.7293 0.435 6.00, (9)


where 1.729 ist.95 from [3] with n = 19.
7.3 Confidence Limits:The quantitiesu(U) andu(L) calcu-


lated usingta/2(n) in place of ta(n), define an interval (from
u(L) to u(U)) called a 100a percent confidence interval. Again,
see [4] or [1].


7.3.1 Example 7. For the percent condition estimate a 95 %
confidence interval would be from:


79.92 2.2623 0.32 to 79.91 2.2623 0.32, or (10)


from 79.2 to 80.6, where 2.2625 t.975 from [3] with n 5 9.


7.4 Bounds on a Proportion in a Large Population When
Zero is Observed in a Sample:It can happen, after observing a
random sample of sizen, that a = 0; that is, there are no
observations showing the attribute among then. In this case an
upper bound with level of significancea is computed as:


u~U! 5 1 2 a1/n. (11)


For example, withn = 18 anda = 0.05, u(U) = 0.15. Any
values of the population proportion less than 15 % cannot be
ruled out. See Example 8 below for a more exact treatment of
the case whenN is of moderate size.


7.5 Nonnormality of theu Distribution:
7.5.1 If any one of the observations is very much smaller or


larger than the rest it should be investigated. If there is marked
asymmetry in the distribution of the observations (for example,
there are apparent outliers on one side of the average), be
cautious in trusting the realism ofa when calculating bounds
and confidence limits. If the following estimate of skewness in
u is not larger in absolute value than 0.3, then the change in
100a will likely be less than 1 % due to skewness.


g1 ~u! 5 @ (
i 5 1


n


~ui 2 u!3/~n 2 1!~n 2 2!#/[se~u!#3n. (12)


For the example of the 20 replicate subsample estimates of
proportion “drug-in-suit,”g1(u) = −0.054, which is far from
critical. The value 0.3 in the above rule is a relaxed form of that
given on page 42 of [1].


7.5.1.1 Example 8 on Bounding Proportions Near Zero in
Finite Populations. If a simple random sample of sizen = 200
hasa = 3 items with the attribute, then the conclusion (see
Example 3 above for comparison) isu = p = 0.0150 and
se(p)= 0.0086. Treating the observations as 197 zeroes and 3
ones, allows the quantityg1(u) to be computed as 0.57 which
exceeds 0.3 and warns of skewness in the distribution ofu.
Further suppose that there areN = 800 items in a lot and letA
be the unknown number of items with the attribute and that an
upper bound is needed forA. An upper bound with a 97.5 %
coefficient (a = 0.025) would be found from the formula in 4.2
as 0.0150 + 2(0.0086) = 0.0322. This suggests that
8003 .0322 = 25.8 is an upper 97.5 % bound onA, but
skewness may upset this. In fact settingA = 32 is required to
drive the chance of observinga = 3 or less to 2.3 %, while
settingA = 31 only drives it to 2.8 %. The bound itself is set at
the half-integerA(U) = 31.5 since larger values can be ruled
out at thea = 0.025 level.


7.5.1.2 These probabilities (of 0.023 and of 0.028) are
calculated from the hypergeometric distribution, see [1], which
is the sampling distribution ofa when the sample is simple
random. The full formula is


Pr ~a items with the attribute amongn in the sample! (13)


5
A!~N 2 A!!~N 2 n!! n!


a!~A 2 a!! ~n 2 a!! ~N 2 A 2 n 1 a!! N!
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7.5.1.3 In practice, a hand-held calculator may be used for
the needed probabilities to set bounds. The first step is to find
the probability for a = 0 as a sequence ofA alternating
multiplications and divisions where (from the above formula):


Pr ~a 5 0! 5
~N 2 n!~N 2 n 2 1!—~N 2 n 2 A 1 1!


N~N 2 1!—~N 2 A 1 1!
. (14)


7.5.1.4 Alternating multiplications with divisions will help
avoid rounding errors. Probabilities fora = 1, a = 2, etc. can
now be obtained recursively by at most two multiplications and
two divisions. For the case ofA = 31,n = 200 andN = 800,Pr
(a = 0) = 0.0001096913978. Multiplying by (31/570) and
(200/1) brings us toPr (a = 1); further multiplying by (30/571)
and (199/2) gets us toPr (a = 2); and, finally, multiplying by
(29/572) and (198/3) producesPr (a = 3) = 0.02087. Adding
these four (4) results gives 0.02841 which is above 0.025 and
requires us to go on to the case ofA = 32.


7.5.1.5 A lower bound onA could also be found by trial and
error after settingA = 3, A = 4, and so forth until the probabil-
ity of 3 or more, first exceedsa. When we setA = 3 the
probability ofa = 3 becomes 0.0154 so thatA = 3 can be ruled
out by the evidence at thea = 0.0154 level of significance.
However, when we setA = 4 the probability of gettinga = 3 or
a = 4 is found to b0e .0503 and soA(L) = 3.5 becomes the
lower bound.


7.5.1.6 Using the above formula forPr (a = 0), it is now
possible to furnish an upper bound on the population propor-
tion when zero proportion is observed, that takes account of the
size of the finite population. We take the example ofn = 20
with a = 0 and supposeN = 100. ForA = 14Pr (a = 0) is found
to be (80/100)(79/99)—(67/87) = 0.03413, whilePr
(a = 0) = 0.0443 forA = 13, but Pr (a = 0) = 0.0574 when
A = 12. Thus an upper 5 % bound onA is set atA(U) = 12.5
when N = 100 or the upper bound on the finite population
proportion becomes 0.125.


7.6 Extreme Security Limits:The extreme variation of an
estimate (from a probability sample) can often be placed at an
interval of three standard deviations above or below the sample
result. When the sample is of sufficient size, only 27 out of
10,000 intervals so calculated would not be expected to cover
the universe value. Table 1 shows values forta/2 where
a = 0.0027, and gives some idea of the effect of having to
estimate the standard deviation rather than using previous
knowledge of it.


7.6.1 Example 9. For the percent condition estimate, ex-
treme security limits would be set at:


79.902 ~4.093 0.32! to 79.901 ~4.093 0.32!
or from 78.59 to 81.21.


(15)


8. Review of Important Points


8.1 Probability sampling as practiced in accord with 5.2 is a
procedure by which one obtains a result from a selected set of
sampling units that will agree, within calculable limits of
variation, with the equal complete coverage result.


8.2 The equal complete coverage result may or may not be
acceptable evidence. Whether it is acceptable depends on many
considerations such as definitions, method of test, care exer-
cised in the testing, completeness of the frame, and on other
points not to be settled by statistical theory since these points
belong to the subject matter, and are the same whether one uses
sampling or not. Mistakes, whether in testing, counting, or
weighing will affect the result of a complete coverage just as
such mistakes will affect the sample result.


8.3 When the audit subsample shows that there was reason-
able conformity with prescribed procedures and when the
known instances of departures from the survey plan can be
shown to have no appreciable effect on the estimate, then the
valueu should be used.


9. Keywords


9.1 probability sampling; sampling unit; sampling frame;
equal complete coverage; replicate subsamples; audit sub-
sample; sampling distribution; estimate; standard error; popu-
lation parameter; finite population correction; sample size
adequacy; confidence limits; skewness; hypergeometric
distribution.


TABLE 1 Student t Values Required for Use with a Standard
Error on n Degrees of Freedom to Attain a = 0.0027


n ta/2(n) n ta/2(n) n ta/2(n)


1 235.78A 11 3.85 21 3.40
2 19.21 12 3.76 22 3.38
3 9.22 13 3.69 23 3.36
4 6.62 14 3.64 24 3.34
5 5.51 15 3.59 25 3.33
6 4.90 16 3.54 26 3.32
7 4.53 17 3.51 27 3.30
8 4.28 18 3.48 28 3.29
9 4.09 19 3.45 29 3.28


10 3.96 20 3.42 30 3.27
40 3.20
50 3.16
` 3.00


A Note—When used to calculate an exact three sigma interval this value is
ta/2(n) = 235.80 for an exact a/2 = 0.001349898 and n = 1.
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Designation: E 1422 – 05


Standard Guide for
Test Methods for Forensic Writing Ink Comparison1


This standard is issued under the fixed designation E 1422; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


INTRODUCTION


This guide is intended to be a general guide for forensic ink examinations, both for the experienced
document examiner (E 444) and for forensic ink comparison specialists. The aim is to include those
techniques that will provide the most information about an ink with the least damage to the document.
Therefore, this guide refers to well-reported and thoroughly tested techniques currently in use by
document examiners in general practice and dedicated forensic ink comparison facilities.


By following the procedures outlined here, an examiner can accurately discriminate ink formulas
and reduce the possibility of false matches of ink samples from different sources or incorrect
differentiation of ink samples with a common origin.


1. Scope


1.1 This Guide is intended to assist forensic examiners
comparing writing or marking inks. Included in this analysis
scheme are the necessary tools and techniques available to
reach conclusions as to the common or different origin of two
samples of ink.


1.2 Identifying ink formulas as to their manufacturer or time
of manufacture as well as performing ink dating examinations
are beyond the scope of this guide.


1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


D 1535 Practice for Specifying Color by the Munsell Sys-
tem
E 131 Terminology Relating to Molecular Spectroscopy
E 284 Terminology of Appearance
E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners
2.2 NIST Standards:


NBS Standard Sample No. 2106 ISCC-NBS Centroid Color
Charts3


NBS Special Pub. 440 Color: Universal Language and
Dictionary of Names3


3. Terminology


3.1 Definitions:
3.1.1 batch to batch variation—within an ink formulation,


difference in the concentration of a component of an ink
formula due to deviations during production that are within the
manufacturer’s tolerance limit.


3.1.2 chromatography—a method of separating substances
that is widely used in analytical and preparative chemistry. It
involves the flow of a liquid or gas mobile phase over a solid
or liquid stationary phase. As the mobile phase flows past the
stationary phase, a solute will undergo repeated adsorption and
desorption and move along at a rate depending, among other
factors, on its ratio of distribution between two phases. If their
distribution ratios are sufficiently different, components of a
mixture will migrate at different rates and produce a charac-
teristic pattern (chromatogram).


3.1.3 fluorescence—a process by which radiant flux of
certain wavelengths is absorbed and reradiated nonthermally at
other, usually longer, wavelengths. (E 284)


3.1.4 infrared (IR)—referring to radiant flux having wave-
lengths longer than the wavelengths of light, usually wave-
lengths from about 760 nm to about 3 mm. (E 284)


3.1.5 light—electromagnetic radiant energy that is visually
detectable by the normal human observer, radiant energy
having wavelengths from about 380 nm to about 780 nm.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Dec. 1, 2005 Published January 2006. Originally
approved in 1991. Last previous edition approved in 2001 as E 1422 – 01.


2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.


3 Available from U.S. Department of Commerce, National Bureau of Standard
Reference Materials, R. B311, Chemistry Building, Gaithersburg, MD 20899.
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(E 284)
3.1.6 luminescence—the emission of radiant energy during


a transition from an excited electronic state of an atom,
molecule or ion to a lower electronic state. (E 131)


3.1.7 metamers—specimens differing in spectral reflectance
but having colors that match in light of one spectral composi-
tion, when viewed by one observer, but may not match in light
of other spectral compositions, or when viewed by another
observer. (E 284)


3.1.8 spectroscopy—in the most general sense spectroscopy
is the study of the absorption or emission of electromagnetic
energy by a chemical species as a function of the energy
incident upon that species.


3.1.9 source—an object that produces light or other radiant
flux. (E 284)


3.1.10 ultraviolet (UV)—referring to radiant flux having
wavelengths shorter than the wavelengths of light, usually
wavelengths from about 10 nm to 380 nm.


3.1.10.1 Discussion—Long-wave UV usually refers to the
spectral range of UV-A, with wavelengths from about 315 nm
to 380 nm. Short wave UV usually refers to the spectral range
of UV-C, with wavelengths from about 100 nm to 280 nm.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 ballpoint pen ink—writing or marking media intended


for use in a ball point pen. Typically, a thick, high viscosity ink
with an oil, glycol or rubber base.


3.2.2 dichroic filter—a filter with two transmission bands.
These bands are usually widely separated, and can be of
significantly different size.


3.2.3 gel pen ink—writing or marking media intended for
use in a “gel-type” roller pen. Gel pen inks constitute a unique
class of non-ballpoint pen inks. Typically, gel pen ink is an
aqueous ink of high viscosity, capable of maintaining a stable
dispersed or dissolved state of the coloring material even after
a prolonged period and exhibiting high fluidity under a
shearing force. The ink contains a coloring material (pigment
or dyes), acid-modified heteropolysaccharide and aqueous
medium (water and water-soluble organic solvent), in which
water constitutes at least 50 % by weight. Due to the incorpo-
ration of pigments into these formulations, the procedures
outlined in this guide for TLC evaluations will be of limited
value.


3.2.4 infrared luminescence (IRL)—the emission of radiant
energy during a transition from an excited electronic state of an
atom, molecule or ion to a lower electronic state (fluorescence
or phosphorescence, or both), where the spectrum of the
excitation source is in the ultraviolet (UV) or visible region of
the electromagnetic spectrum, or both, and the spectrum of the
emitted energy is in the far red or infrared (IR) region of the
electromagnetic spectrum.


3.2.5 ink formula—a precise recipe or set of ingredients and
their quantities that the manufacturer specifies for the final ink
product. These ingredients are colorants (dyes and pigments)
and vehicle components (volatile solvents, resins, etc.).


3.2.6 match between ink samples—the inability to distin-
guish between ink samples at a given level of analysis.


3.2.7 non-ballpoint pen ink—writing or marking media
intended for use in a writing or marking instrument other than


a ballpoint pen, including a dip or fountain pen, porous point
pen, roller pen, marking instrument, etc. Typically, a thin, low
viscosity ink with a water or solvent base.


4. Significance and Use


4.1 Ink comparisons are usually performed to answer four
basic categories of question: (1) whether an ink is the same (in
formula) as that on other parts of the same document or on
other documents; (2) whether two writings with similar ink
have a common origin, that is, the same writing instrument or
ink well; (3) whether the ink of entries dated over a period of
time is consistent with that dating or indicates preparation at
one time; (4) whether ink is as old as it purports to be (1).4


4.2 The procedures set forth in this guide are directly
applicable to giving a full answer to only the first of these four
questions.


4.3 With regard to the second question, differentiation of
formula (question one) would indicate a negative answer to this
question, as would differentiation with any of the additional
methods listed in Section 3. When dealing with contemporary
inks, however, a match of ink samples involving agreement in
all observable aspects of all the techniques considered in this
guide, while consistent with common origin, would not be
sufficient to support a definite opinion of common origin (2).
Contemporary ink rarely has sufficient individuality to support
a determination of common origin at less than the manufac-
turing batch level.


NOTE 1—Contemporary mass-produced inks are usually distributed as
a component in a complete writing instrument or in a cartridge. With such
packaging the ink is not subject to the mixing of inks and exposure to
environmental contamination that could individualize ink from a given ink
well at a specific point in time (1, 3). This sort of analysis, potentially
useful in the examination of older documents or those prepared under
certain circumstances, is beyond the scope of this guide, as is examination
of the ink line to individualize the writing instrument that produced it
based on its performance characteristics.


4.4 As to the third and fourth questions involving the age of
ink, dating techniques for determining either the relative age of
ink samples (from the same or different documents) or the
absolute amount of time since the writing of an ink line are also
beyond the scope of this guide.


4.5 However, regarding question three, it may be of great
importance in a forensic situation involving writing dated over
a period of time to determine that one or more than one ink
formula is present, that the use of various ink formulas fits a
pattern, that a particular ink formula matches samples of a
known date, etc.


4.6 As to the last question, a limit as to the possible age of
an ink entry can be inferred by establishing the date of first
production of the ink formula. Although beyond the scope of
this guide, identifying ink formulas as to their manufacturer or
time of manufacture utilizes many of the analytical procedures
described here. Specialized knowledge and experience on the
part of the examiner, as well as access to a collection or library
of ink reference samples is also required.


4 The boldface numbers in parenthesis refer to the list of references at the end of
this guide.
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4.6.1 Such an ink library consists of samples of ink formulas
from known sources, usually manufacturers of ink, or writing
or marking instruments, or a combination thereof. The ink
reference samples are usually cataloged, analyzed, and stored
according to the methods described in Refs (2, 4, 5 and 6).
Even with access to a comprehensive collection, association of
an unknown ink sample with a single known formula is not
always possible. This is because some ink formulas are not
distinguishable, however, in most cases the analytical proce-
dures outlined here are sufficiently discriminating that formulas
are distinguishable.


4.7 Comparison of ink samples by analysts without an ink
library can still provide valuable information. However, added
significance can be given to the meaning of a match if the
relative rarity or commonness of the ink formula is known.
Familiarity with or access to a comprehensive reference
collection of inks is useful for this purpose.


4.8 In expressing conclusions it should be remembered that
a match indicates that the ink samples are of the same formula
or of two similar formulas with the same nonvolatile compo-
nents. The possibility that other analytical techniques might be
able to differentiate them should always be considered (2).


4.8.1 Therefore, conclusions in this situation should never
indicate that two ink samples are “identical” or “the same ink,”
but must be limited to statements indicating “inability to
distinguish the ink samples at this level of analysis” or
“exhaustive chemical and physical testing failed to detect any
differences between the ink samples” (2).


5. Interferences


5.1 Most interferences with ink examinations come from
variables that interact with the ink. These can be part of the
writing process, such as blotting wet ink (1, 2), or variations in
the paper (7), or various forms of contamination on the
document (7, 8), or a combination thereof. Simple precautions
can usually avoid problems.


5.2 Note and record any differences in the substrate, such as
the use of different paper for different documents or pages of a
multipage document. Also note and record variations in the
document, such as a signature written over a photograph on an
identity document, multicolored paper with different dyes or
colors of underprinting, intersections with printed or typed
material, etc. (7, 8).


5.3 The results of prior handling or testing should also be
noted and recorded. These effects can include discoloration or
fading from ageing, exposure to light or heat, as well as stains
from food or drink, dirt or grease, cellophane or other tape,
adhesives, perspiration or finger smudges, water, or chemicals,
including ninhydrin or other reagents for visualizing latent
friction ridge impressions, etc. (7, 8, 9).


5.4 In optical examinations care should be taken to consider
the potential effects of these variables (7, 8). In chemical
analyses paper blanks should be run as controls for these
variables (4, 5).


6. Reagents and Equipment


NOTE 2—It is important that all reagents are uncontaminated.


6.1 Purity of Reagents—Reagent Grade.


6.2 Purity of Water—Distilled or equivalent.
6.3 Reagents for Spot Testing, Solubility Testing, and TLC


Extraction Solvents:
6.3.1 Pyridine.
6.3.2 Ethanol.
6.3.3 Water.
6.3.4 Other reagents as required by Refs (1, 3, and23).
6.4 Reagents for Thin Layer Chromatography (TLC) Devel-


oping Solvents:
6.4.1 Solvent System I—Ethyl acetate, ethanol, water


(70 + 35 + 30).
6.4.2 Solvent System II—N-butanol, ethanol, water


(50 + 10 + 15).
6.5 Other ink extracting solvents and developing solvents in


accordance with Refs (5, 6, and 10).
6.6 Equipment for Optical Examinations:
6.6.1 Stereomicroscope:


NOTE 3—Five to one hundred power total magnification is a range that
has been found useful.


6.6.2 UV Lamps or View Box, with both long-wave UV and
short-wave UV lamps.


6.6.3 Colored Filters, (gelatin, colored glass, interference
filters) as needed for visual and photographic differentiation of
inks.


6.6.4 Dichroic Filters, See Ref (11).
6.6.5 Photographic or other imaging equipment with appro-


priate film or other sensor, lighting, and filters for differentia-
tion of ink samples.


6.6.6 Photographic or other imaging equipment with appro-
priate film or other sensor, lighting, and filters for recording
reflected infrared (RIR) and infrared luminescence (IRL).


6.6.7 IR image conversion device or system with appropri-
ate light sources and filters for use in RIR and IRL modes as
well as appropriate photographic or other imaging equipment,
computer hardware and software for image acquisition or
processing, or both.


6.6.8 Barrier Filters for RIR and IRL—Long pass filters,
preferably sharp cut, that block visible flux. Suitable gelatin,
colored glass, and interference filters are commercially avail-
able (12, 13, 14).


NOTE 4—Since ink reactions can vary, it is advisable to use a series of
filters with cut on wavelengths from the red through the IR range of the
film or detector.


6.6.9 Excitation Source for IRL—Sources include: a con-
tinuous spectrum lamp with a filter to eliminate flux in the IR
and far red region of the spectrum, for example, a 10 % to 15 %
solution of copper sulfate in a cell with a 1 cm to 3 cm light
path, or appropriate colored glass or interference filters; or
lasers or other monochromatic sources.


NOTE 5—A variety of sources with different spectral distributions or a
variety of filters on a continuous spectrum source may be helpful in
discriminating ink samples.


When using a filtered source it is advisable to use a heat absorbing filter
between the source and the filter. This both protects the filter (15) and
eliminates a significant portion of the undesirable IR flux.


6.6.10 Photographic or other imaging equipment for record-
ing observations as required.
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6.7 Equipment for Spot Testing, Solubility Testing, and
TLC—It is important that all equipment is uncontaminated.


6.7.1 Stereomicroscope (See Note 2).
6.7.2 Hypodermic Needle, with an approximately 20 gage


hollow boring point or blunted point, scalpel or similar
sampling device.


6.7.3 Disposable Vial or Transparent Sample Container—1
dram or smaller suggested.


6.7.4 Disposable Micropipettes—10 µL or smaller sug-
gested.


6.7.5 Precoated Plastic or Glass Sheets/Plates of Silica Gel,
without fluorescent indicator (60 Å pore size5 ).


NOTE 6—It is recommended that the TLC sheets/plates be kept in a
desiccator.


6.7.6 Glass Developing Tank with Air Tight Cover—This
tank should be the appropriate size for the sheet/plate being
developed.


6.7.7 UV Lamps or View Box, with both long-wave UV and
short-wave UV lamps.


6.8 Appropriate equipment for the additional methods listed
in Section 8.


6.9 All equipment and apparatus shall be properly main-
tained and calibrated.


7. Procedure


NONDESTRUCTIVE OPTICAL EXAMINATIONS


7.1 Light Examination:
7.1.1 Determine the Class of Ink—Under ambient lighting


conditions (natural or artificial), with or without the aid of
magnification as required, determine whether the class of the
ink is ballpoint pen or non-ballpoint pen (6). Observe the
overall appearance of the writing. Note and record anything
that might provide information about the kind of writing or
marking instrument used. For example, if there is an indenta-
tion down a central track, then the writing instrument may be
a ballpoint pen or rolling ball marker. Double indentations may
indicate a bifurcated nib dip pen or fountain pen. This step may
be performed with the use of reference standards prepared with
various classes of writing instruments on different substrata.


7.1.2 Determine the Condition of the Ink and the Overall
Appearance of the Writing—Note and record the presence of
anything that might have induced a change in the ink as
described in Section 2; for example, stains, burns, aging,
blotting, fading, attempts at mechanical erasure or chemical
eradication, discolorations, etc.


7.1.3 Determine the Color of the Ink—Inks that are metam-
ers can sometimes be differentiated by the use of illuminants
with varying color temperatures or spectral characteristics, as
well as by narrow band or laser illumination. Various filters can
also be used for direct viewing, photography, or electronic
viewing, including wide and narrow band, short and long pass,
and dichroic filters (1, 6, 11, 16) .


NOTE 7—The use of standard color notation may be helpful in


recording these observations. (NBS Standard Sample No. 2106, NBS
Special Pub. 440)


7.1.4 Microspectrophotometry (17) can be useful in differ-
entiating inks by measuring their wavelengths of maximum
transmission or reflectance spectra, or both.


7.2 Ultraviolet (UV) Examination:
7.2.1 Observe the ink sample under both long-wave UV and


short-wave UV sources. Note and record the fluorescence
characteristics of the ink as well as the emission of any
fluorescence (18). (See Note 7.)


NOTE 8—Except for some red formulas, few inks fluoresce in their
dried state on paper. A fluorescent halo is occasionally observed around an
ink line; capillary migration of a vehicle component into the substrate is
a known cause.


7.2.2 Note and record any effect of the substrate. Strong
fluorescence of the paper may affect the observer’s perception
of the ink.


7.2.3 UV examination may reveal indications that the docu-
ment has been stained by chemicals or other material that may
affect the ink comparison as discussed in Section 5 (7, 8, 9).
These can include the detection of the use of chemical ink
eradicators, liquid or dry opaquing material, cellophane or
other tape, adhesives, etc., that may have significance beyond
the ink comparison. These should be noted and recorded.


7.3 Infrared (IR) Examination:
7.3.1 Determine the Reflected Infrared (RIR) and Infrared


Luminescence (IRL) characteristics of the ink: As these effects
are beyond the range of human vision, some technological
extension of the eye is required.


7.3.1.1 These characteristics may be photographed with IR
sensitive film or observed directly with an IR image conversion
device (7, 8, 11, 15, 16, 19, 20, 21). With either system, a
suitable barrier filter is required in front of the lens to block
visible flux (see 6.6.8 and Note 4). For IRL a suitable excitation
source will also be required (see 6.6.9 and Note 5).


NOTE 9—Both photographic and electronic systems work well; each
has its advantages and drawbacks.


Photography provides a permanent, high resolution record of results
and long exposures can capture faint luminescence. However, exposures
can be long (up to 20 min. for faint luminescence), and considerable
experience is required before dispensing with time consuming bracketing
in a series of exposures using different filters (19, 20). The amount of time
required for processing and printing may also be a problem.


Electronic systems, including units with image conversion tubes and
closed circuit television systems, have the advantage of real time results,
facilitating optimization of filter combinations, focus, exposure, etc. (21).
These systems are well suited to screening batches of documents (such as
passports) for alterations. However, resolution is limited, some faint
luminescence may not be easy to detect, and separate photographic or
electronic imaging equipment is required to record results. Modern
integrating infrared video cameras are able to detect faint IR information
that cannot be seen otherwise.


7.3.2 Reflected Infrared (RIR):
7.3.2.1 Record the characteristics as opaque or transparent,


indicating the degree of opacity. The more opaque the ink (the
more it absorbs), the darker it will appear; the less opaque, the
lighter it will appear, until it seems to be transparent or to drop
out. An arbitrary four point scale of −3 to 0 (opaque to
transparent) may assist in recording these observations.


7.3.3 Infrared Luminescence (IRL):
5 Merck Silica Gel, Whatman PE SIL G, and Merck HPTLC Silica Gel 60 have


been found satisfactory.
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7.3.3.1 Record the IRL characteristics of the ink relative to
the substrate as darker, similar, or lighter, indicating degree as
appropriate. Ink that luminesces more brightly than the sub-
strate will appear lighter than the substrate; strongly lumines-
cent ink may appear to glow brightly. If ink does not luminesce
or does not luminesce as brightly as the substrate, the ink will
appear darker than the substrate (this is sometimes referred to
as black luminescence or negative luminescence). Ink that
luminesces at an intensity similar to that of the substrate
appears invisible, and is said to drop out. An arbitrary seven
point scale of −3 to 0 to +3 (black to indistinguishable to very
bright) may assist in recording these observations.


NOTE 10—Depending on the characteristics of the substrate and the
combination of source or filters, or both, the appearance of ink samples
with the same formula can vary from nonluminescing to strongly
luminescent. The appearance of ink luminescence can be affected by the
amount of ink and the substrate.


7.3.3.2 A luminescent halo is occasionally observed around
an ink line; capillary migration of a vehicle component into the
substrate is a known cause.


7.3.3.3 Inks that luminesce with similar but not identical
intensity can sometimes be differentiated by placing a nonlu-
minescing or brightly luminescing object behind the substrate
(22).


7.4 When recording UV fluorescence, IR absorption, and
IRL characteristics of an ink sample, it is important to note and
record any influence imparted by the substrate. It is also
important to be aware of factors (such as those discussed in
Section 2) that may affect the results of this portion of the
examination (7, 8, 9).


7.5 The reaction of an ink sample can vary at different
wavelengths. Therefore, in differentiation of ink samples it is
useful to use a range of different light sources, filters, filter
combinations, etc. (16) (See Note 4 and Note 5). In noting and
recording the reaction of the ink sample, also record the source,
filters, etc.


CHEMICAL EXAMINATIONS


7.6 Spot Testing and Solubility Testing:
7.6.1 Spot testing of an ink sample can be done directly on


the substrate. Minimal damage to the document is possible if
the solvents are applied in small amounts to the ink line and the
resulting changes are observed under magnification. Spot
testing of an ink sample can be done on a removed sample, if
performing the test in situ is not indicated. These tests can be
used to differentiate ballpoint and non-ballpoint ink based on
the solvent that solubilizes the vehicle, to determine the proper
extraction solvent for subsequent analysis, or to provide
presumptive information on the colorants used in the ink
formula.


NOTE 11—These tests may consume a great deal of material relative to
the amount of information provided.


7.6.2 Spot tests to determine the solubility or color reaction
of an ink sample to various reagents were once widely used to
differentiate ink formulas and to presumptively identify the
constituents of an ink formula. Information on older ink
formula can be found in Osborn (1) and Mitchell (3). A study


of more modern blue ballpoint inks has been conducted, and an
analytical scheme published (23).


7.6.3 At present spot tests are most often used to differen-
tiate ballpoint and non-ballpoint ink based on the solvent that
solubilizes the vehicle. Ballpoint inks are either oil based or
glycol based. Oil based ballpoint inks were used in the earliest
ballpoint pens. Generally, glycol based ballpoint inks (widely
used since around 1950) are very soluble in pyridine. Inks
formulated for fountain pens, porous point pens, and roller
pens are generally water or alcohol based and compositions
that are readily soluble in ethanol and water (1 + 1) (2).
Indelible markers are solvent based and would generally be
soluble in pyridine. Note and record the results. If TLC is
planned, these results can be used for selecting the appropriate
extracting solvent.


7.6.4 These tests, performed in situ or on a removed sample
with various solvents, can be sufficient to determine that two or
more ink samples are not of the same ink formula. In many
situations, once such a determination is made, further testing
may be unnecessary.


7.7 Chromatography—Thin Layer Chromatography
(TLC)—Many forms of chromatography have been used suc-
cessfully to differentiate writing inks, including paper chroma-
tography, high pressure liquid chromatography (HPLC), gas
chromatography (GC), and thin layer chromatography (TLC).
Except for substrate specific items, the procedure for paper
chromatography is similar to TLC (2, 5).


7.7.1 TLC Sheet/Plate Activation—Activate a TLC sheet/
plate in a pre-heated oven (approximately 100°C for 10 to 15
minutes) immediately prior to spotting. Allow sheet/plate to
cool.


NOTE 12—Heating the sheet/plate merely drives off plate moisture. If
the sheet/plate were stored under ideal desiccate conditions, activation
would theoretically be unnecessary; however, it would still be advisable to
heat the sheet/plate as a precaution.


7.7.2 Sampling for TLC:
7.7.2.1 Using a blunted or hollow boring hypodermic


needle, or similar device, remove a sufficient number of plugs
(usually 7 to 10 plugs of ink from a line are sufficient). If a
scalpel is used, remove about 1 cm of the line. The number of
plugs (or length of line) required depends on the concentration
and solubility of the ink.


7.7.2.2 Avoid sampling areas on a document that may be
contaminated by writing on the reverse, or by stains or other
contaminants on either side. (See Section 2)


7.7.2.3 Place the plugs of ink in a vial.
7.7.2.4 Place the same number of plugs of paper (or the


same size piece of paper) from a control area of the substrate
in another vial.


7.7.2.5 If the writing is limited, microsampling techniques
using a single plug may be necessary (24).


7.7.3 Extracting the Ink:
7.7.3.1 Add approximately 3 to 5 µL of solvent (pyridine for


ballpoint inks or ethanol and water (1 + 1) for non-ballpoint
inks) to the vials. (Other solvents may be used based on the
ease of extraction. The comparison standard inks must have
been extracted using the same solvent.) The amount may vary
depending on the absorptivity of the substrate and the type and
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age of the ink line. Adjust the amount of extracting solvent as
needed. If both ballpoint and non-ballpoint ink from the same
sheet of paper (or other substrate) are being analyzed, two
paper control samples will be necessary since the ink extrac-
tions will require two solvents and each solvent may extract
different components from the substrate.


7.7.3.2 Gently agitate the plugs and solvent for approxi-
mately 1 min or until sufficient extraction has occurred. Note
and record the color of extract in the vial. The use of standard
color notation may be helpful in recording these observations.
(Test Method D 1535, NBS Standard Sample No. 2106, NBS
Special Pub. 440)


7.7.4 Spotting the Ink:
7.7.4.1 Spot the extract on the activated TLC sheet/plate


approximately 15 mm from the designated bottom of the plate.
It is important to maintain uniformity in the intensity and size
of the spot (a spot size of approximately 2 to 3 mm works
well). Spots should be placed no closer than 1 cm from either
the left or right side of the plate and should be adequately
separated so they will not interfere with each other during the
migration of the components of the sample. The boundaries
(left and right) of each area to be spotted may be scribed with
a stylus or pencil. Do not place these boundary marks closer
than 1 to 2 mm from the area of the plate to be spotted. This is
so there will be no interference for the solvent system traveling
up the plate. If a pencil is used, do not spot the extract directly
on the pencil mark or in the same lane since many inks contain
carbon or graphite, as do pencils.


7.7.4.2 Numerous ink samples can be analyzed simulta-
neously by spotting each ink sample and paper blank on the
same chromatographic sheet/plate with sufficient separation to
avoid interference or cross contamination, or both. These spots
should be equal in intensity and size. This is attainable through
manipulation of the number of ink plugs (or length of ink line)
and the amount of extracting solvent. If the maximum number
of samples are to be compared on a sheet/plate, do not spot the
extract closer than 1 cm from either side of the plate.
Extraction spots placed closer to the edge of a plate can cause
a skewed separation that may affect the comparative value of
the chromatogram.


7.7.4.3 Allow the sheet/plate to air dry to remove any
residual solvent. The amount of time will vary depending on
the laboratory conditions and the solvent(s) utilized. Do not
expose the sheet/plate to extreme heat or light during the
spotting procedure. This has been shown to induce changes in
the resultant chromatograms of some ink formulas (5, 9).


7.7.4.4 If the intensity of the spot is weak, it may be
necessary to respot. This is done by carefully applying addi-
tional extract directly over the original spot and air drying
again.


NOTE 13—This technique requires experience. It is important to keep
the spot size consistent when respotting (for example, do not spot a 1 mm
spot over an existing 2 mm spot). Otherwise you may create rings that can
skew the appearance of the resulting separation. Respotting can be
accomplished through the careful adjustment of the amount of extract to
be spotted.


7.7.4.5 Use of a suitable calibration standard is recom-
mended. It should be spotted onto the plate in the same manner.


7.7.5 Developing the TLC Sheet/Plate:
7.7.5.1 Place the sheet/plate in a developing tank previously


equilibrated for approximately 15 min with Solvent System I.
The level of solvent in the tank should be between 5 and 10
mm and should not touch the ink extraction spots when initially
submerged. Let the chromatogram develop until the compo-
nents exhibit sufficient separation to allow comparison or for
approximately 15 min.


7.7.6 Evaluating:
7.7.6.1 Remove the chromatogram from the developing


tank and immediately evaluate the fluorescent characteristics
using long-wave UV and short-wave UV sources. Note and
record the color, the fluorescent characteristics, the retardation
factor (R value), and the relative concentration of all fluores-
cent bands present for each ink sample.


7.7.6.2 Follow the same procedure for the corresponding
paper (or other substrate) control (blank), to determine if there
is any contribution from the substrate, for example, from
tinting materials or optical brighteners (5).


7.7.6.3 Allow the sheet/plate to air dry and promptly evalu-
ate it again following the same procedures. Note and record
any change.


NOTE 14—The appearance of certain fluorescent components can
change in the time between these two observations.


7.7.6.4 Under ambient light note and record the color, the Rf
value, and the relative concentration of all bands present for
each ink sample and control.


7.7.6.5 The completed plate should be stored away from
light, heat, and air, since, in their separated form, ink dyes are
very susceptible to fading or change of color. Results may be
preserved by color photography.


7.7.7 Interpretation:
7.7.7.1 Samples of ink with qualitatively different colorant


compositions can be easily distinguished by comparison of the
characteristics observed in 7.7.6.


8. Additional Methods


8.1 If more information is needed to distinguish similar
inks, some of the following techniques may be tried.


8.1.1 Additional Thin Layer Chromatography (TLC) Tech-
niques:


8.1.2 Solvent System II allows development in a solvent
system of a different polarity that may affect a different
separation of the components (2, 4).


8.1.3 It may be advisable to use a different TLC sheet/plate
along with the additional solvent systems. This may give a
different separation and allow another means of comparison (2,
4, 10).


8.1.4 The chromatograms can be evaluated with the aid of
laser or other monochromatic illumination, RIR and IRL, or
other techniques described in 7.1.3.


8.1.5 The chromatograms can be imaged and the densities
evaluated using appropriate instrumentation. This can give an
accurate quantitative comparison of the relative concentrations
of components (5).


8.2 Other Analytical Techniques:
8.2.1 These techniques may provide valuable information


concerning components found in inks, including solvents,
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surfactants, humectants, and resins. They may be of use in
certain situations, but are not generally necessary in perform-
ing routine ink comparisons.


8.2.1.1 Batch-to batch variation within an ink formula may
be detectable utilizing analytical methods, such as chromatog-
raphy, electrophoresis, spectrometry, spectrophotometry, or a
combination.


8.2.2 Fourier Transform Infrared Spectroscopy (FTIR) can
be useful when detailed information is necessary about an ink’s
organic composition (4, 25).


8.2.3 Gas Chromatography (GC), Gas Chromatography/
Mass Spectrometry (GC/MS) can provide information on
organic components (4). GC/MS operating in the selected ion
monitoring mode permits reliable detection and identification
of the ink’s primary vehicle solvents (28).


8.2.4 High Pressure Liquid Chromatography (HPLC) has
been used to gather information on batch-to-batch variation or
when detailed information is necessary about an ink’s organic
composition (26).


8.2.5 Microspectrophotometry can be used to obtain the
ink’s spectral transmittance curve or reflectance curve, or both
(17).


8.2.6 Spectrofluorometry has been used when an emission
spectra is desired (27).


8.2.7 X-Ray Fluorescence Spectroscopy (XRF) can provide
detailed information on the inorganic components of an ink (5).


8.2.8 Capillary Electrophoresis has been used to provide
detailed organic comparisons of two or more inks (29).


9. Reporting Conclusions


9.1 Conclusions resulting from the comparison of two ink
samples may be reached once sufficient examinations have
been conducted. In reporting conclusions, the tests performed
shall be listed. The number of necessary tests is dependent on
the inks involved.


9.2 Differentiation:
9.2.1 If significant, reproducible, inexplicable differences


between ink samples are found at any level of the optical or
chemical analyses, it may be concluded that the inks do not
have a common origin.


9.2.2 However, when inks give differing test results, the
possibility of batch-to-batch variation within an ink formula
must be considered: this kind of variation may be detectable
utilizing analytical methods, such as chromatography, electro-
phoresis, spectrometry, spectrophotometry, or a combination.
The potential influences of interfering factors that can alter the
composition of an ink sample must also be considered (see
Section 5).


9.3 Matches:
9.3.1 When the comparison of two or more ink samples by


optical or chemical analyses, or both reveals no significant,
reproducible, inexplicable differences and there is significant
agreement in all observable aspects of the results, it may be
concluded that the ink samples match at that level of analysis
and that the results of the examination indicate that the ink
samples are of the same formula or of two similar formulas
with the same nonvolatile components (2). The possibility that
other analytical techniques might be able to differentiate the
samples should be considered.


9.3.2 This conclusion does not eliminate the possibility that
the ink samples being compared are from different manufac-
turing batches or from different writing or marking instruments
(2).


9.3.3 Reports of conclusions should never state that two ink
samples are identical or the same ink. Statements must be
within the limits of 9.3.1.


10. Keywords


10.1 forensic sciences; ink comparison; questioned
documents
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Designation: E 1658 – 04


Standard Terminology for
Expressing Conclusions of Forensic Document Examiners 1


This standard is issued under the fixed designation E 1658; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This terminology is intended to assist forensic document
examiners in expressing conclusions based on their examina-
tion.


1.2 This terminology is based on the report of a committee
of the Questioned Document Section of the American Acad-
emy of Forensic Science which was adopted as the recom-
mended guidelines in reports and testimony by the Questioned
Document Section of the American Academy of Forensic
Science and the American Board of Forensic Document
Examiners2,3.


2. Referenced Documents


2.1 ASTM Standards:2


E 444 Guide for Description of Work of Forensic Document
Examiners


3. Significance and Use


3.1 Document examiners begin their handwriting examina-
tions from a point of complete neutrality. There are an infinite
number of gradations of opinion toward an identification or
toward an elimination. It is in those cases wherein the opinion
is less than definite that careful attention is especially needed in
the choice of language used to convey the weight of the
evidence.


3.2 Common sense dictates that we must limit the terminol-
ogy we use in expressing our degrees of confidence in the
evidence to terms that are readily understandable to those who
use our services (including investigators, attorneys, judges, and
jury members), as well as to other document examiners. We
must be careful that the expressions we use in separating the
gradations of opinions do not become strongly defined “cat-


egories” that will always be used as a matter of convenience;
instead, these expressions should be guidelines without sharply
defined boundaries.


3.3 When a forensic document examiner chooses to use one
of the terms defined below, the listener or reader can assume
that this is what the examiner intended the term to mean. To
avoid the possibility of misinterpretation of a term where the
expert is not present to explain the guidelines in this standard,
the appropriate definition(s) could be quoted in or appended to
reports.


3.4 The examples are given both in the first person and in
third person since both methods of reporting are used by
document examiners and since both forms meet the main
purpose of the standard,i. e., to suggest terminology that is
readily understandable. These examples should not be regarded
as the only ways to utilize probability statements in reports and
testimony. In following any guidelines, the examiner should
always bear in mind that sometimes the examination will lead
into paths that cannot be anticipated and that no guidelines can
cover exactly.


3.5 Although the material that follows deals with handwrit-
ing, forensic document examiners may apply this terminology
to other examinations within the scope of their work, as
described in Guide E 444, and it may be used by forensic
examiners in other areas, as appropriate.


3.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


4. Terminology


4.1 Recommended Terms:


identification (definite conclusion of identity)—this is the
highest degree of confidence expressed by document exam-
iners in handwriting comparisons. The examiner has no
reservations whatever, and although prohibited from using
the word “fact,” the examiner is certain, based on evidence
contained in the handwriting, that the writer of the known
material actually wrote the writing in question.


1 This terminology is under the jurisdiction of ASTM Committee E30 on
Forensic Sciences and is the direct responsibility of Subcommittee E30.02 on
Questioned Documents.


Current edition approved Oct. 1, 2004. Published November 2004. Originally
approved in 1995. Last previous edition approved in 1996 as E 1658 – 96.


2 McAlexander, T. V., Beck, J., and Dick, R., “The Standardization of Handwrit-
ing Opinion Terminology,”Journal of Forensic Science, Vol. 36. No. 2, March 1991,
pp. 311–319.


3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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Examples—It has been concluded that John Doe wrote the
questioned material, or it is my opinion [or conclusion] that
John Doe of the known material wrote the questioned
material.


strong probability (highly probable, very probable)—the
evidence is very persuasive, yet some critical feature or
quality is missing so that anidentification is not in order;
however, the examiner is virtually certain that the questioned
and known writings were written by the same individual.
Examples—There isstrong probabilitythat the John Doe of
the known material wrote the questioned material, or it is my
opinion (or conclusion or determination) that the John Doe
of the known materialvery probablywrote the questioned
material.


DISCUSSION—Some examiners doubt the desirability of differentiating
betweenstrong probability and probable, and certainly they may
eliminate this terminology. But those examiners who are trying to
encompass the entire “gray scale” of degrees of confidence may wish
to use this or a similar term.


probable—the evidence contained in the handwriting points
rather strongly toward the questioned and known writings
having been written by the same individual; however, it falls
short of the“ virtually certain” degree of confidence.
Examples—It has been concluded that the John Doe of the
known material probably wrote the questioned material, or it
is my opinion (or conclusion or determination) that the John
Doe of the known materialprobably wrote the questioned
material.


indications (evidence to suggest)—a body of writing has few
features which are of significance for handwriting compari-
son purposes, but those features are in agreement with
another body of writing.
Examples—There is evidence whichindicates(or suggests)
that the John Doe of the known material may have written
the questioned material but the evidence falls far short of that
necessary to support a definite conclusion.


DISCUSSION—This is a very weak opinion, and a report may be
misinterpreted to be an identification by some readers if the report
simply states, “The evidenceindicatesthat the John Doe of the known
material wrote the questioned material.” There should always be
additional limiting words or phrases (such as “may have” or “but the
evidence is far from conclusive”) when this opinion is reported, to
ensure that the reader understands that the opinion is weak. Some
examiners doubt the desirability of reporting an opinion this vague, and
certainly they cannot be criticized if they eliminate this terminology.
But those examiners who are trying to encompass the entire “gray
scale” of degrees of confidence may wish to use this or a similar term.


no conclusion (totally inconclusive, indeterminable)—This
is the zero point of the confidence scale. It is used when there
are significantly limiting factors, such as disguise in the
questioned and/or known writing or a lack of comparable
writing, and the examiner does not have even a leaning one
way or another.
Examples—No conclusioncould be reached as to whether or
not the John Doe of the known material wrote the questioned
material, or I could not determine whether or not the John
Doe of the known material wrote the questioned material.


indications did not—this carries the same weight as the


indications term that is, it is a very weak opinion.
Examples—There is very little significant evidence present
in the comparable portions of the questioned and known
writings, but that evidencesuggeststhat the John Doe of the
known material did not write the questioned material, or I
found indicationsthat the John Doe of the known material
did not write the questioned material but the evidence is far
from conclusive.
See Discussion afterindications.


probably did not—the evidence points rather strongly against
the questioned and known writings having been written by
the same individual, but, as in the probable range above, the
evidence is not quite up to the “virtually certain” range.
Examples—It has been concluded that the John Doe of the
known material probably did not write the questioned
material, or it is my opinion (or conclusion or determination)
that the John Doe of the known material probably did not
write the questioned material.


DISCUSSION—Some examiners prefer to state this opinion: “It is
unlikely that the John Doe of the known material wrote the questioned
material.” There is no strong objection to this, as “unlikely” is merely
the Anglo-Saxon equivalent of “improbable”.


strong probability did not —this carries the same weight as
strong probability on the identification side of the scale; that
is, the examiner is virtually certain that the questioned and
known writings were not written by the same individual.
Examples—There is strong probability that the John Doe of
the known material did not write the questioned material, or
in my opinion (or conclusion or determination) it is highly
probable that the John Doe of the known material did not
write the questioned material.


DISCUSSION—Certainly those examiners who choose to use “un-
likely” in place of “probably did not” may wish to use “highly unlikely”
here.


elimination—this, like thedefinite conclusion of identity, is the
highest degree of confidence expressed by the document
examiner in handwriting comparisons. By using this expres-
sion the examiner denotes no doubt in his opinion that the
questioned and known writings were not written by the same
individual.
Examples—It has been concluded that the John Doe of the
known material did not write the questioned material, or it is
my opinion (or conclusion or determination) that the John
Doe of the known material did not write the questioned
material.


DISCUSSION—This is often a very difficult determination to make in
handwriting examinations, especially when only requested exemplars
are available, and extreme care should be used in arriving at this
conclusion.


4.1.1 When the opinion is less than definite, there is usually
a necessity for additional comments, consisting of such things
as reasons for qualification (if the available evidence allows
that determination), suggestions for remedies (if any are
known), and any other comments that will shed more light on
the report. The report should stand alone with no extra
explanations necessary.
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4.2 Deprecated and Discouraged Expressions:
4.2.1 Several expressions occasionally used by document


examiners are troublesome because they may be misinterpreted
to imply bias, lack of clarity, or fallaciousness and their use is
deprecated. Some of the terms are so blatantly inane (such as
“make/no make”) that they will not be discussed. The use of
others is discouraged because they are incomplete or misused.
These expressions include:


possible/could have—these terms have no place in expert
opinions on handwriting because the examiner’s task is to
decide to what degree of certainty it can be said that a
handwriting sample is by a specific person. If the evidence is
so limited or unclear that no definite or qualified opinion can
be expressed, then the proper answer isno conclusion. To
say that the suspect “could have written the material in
question” says nothing about probability and is therefore
meaningless to the reader or to the court. The examiner
should be clear on the different meanings of “possible” and
“probable,” although they are often used interchangeably in
everyday speech.


consistent with—there are times when this expression is
perfectly appropriate, such as when “evidence consistent
with disguise is present” or “evidence consistent with a
simulation or tracing is present, but “the known writing is
consistent with the questioned writing” has no intelligible
meaning.


could not be identified/cannot identify—these terms are
objectionable not only because they are ambiguous but also
because they are biased; they imply that the examiner’s task
is only to identify the suspect, not to decide whether or not
the suspect is the writer. If one of these terms is used, it
should always be followed by “or eliminate[d]”.


similarities were noted/differences as well as similarities—
these expressions are meaningless without an explanation as
to the extent and significance of the similarities or differ-
ences between the known and questioned material. These
terms should never be substituted for gradations of opinions.


cannot be associated/cannot be connected—these terms are
too vague and may be interpreted as reflecting bias as they
have no counterpart suggesting that the writer cannot be
eliminated either.


no identification—this expression could be understood to
mean anything from a strong probability that the suspect
wrote the questioned writing; to a complete elimination. It is
not only confusing but also grammatically incorrect when
used informally in sentences such as.“ I no identified the
writer” or “I made a no ident in this case.”


inconclusive—this is commonly used synonymously with no
conclusion when the examiner is at the zero point on the
scale of confidence. A potential problem is that some people
understand this term to mean something short of definite (or
conclusive), that is, any degree of probability, and the
examiner should be aware of this ambiguity.


positive identification—This phrase is inappropriate because
it seems to suggest that some identifications are more
positive than others.


[strong] reason to believe—there are too many definitions of
believeandbelief that lack certitude. It is more appropriate
to testify to our conclusion (or determination or expert
opinion) than to our belief, so why use that term in a report?


qualified identification—An identification is not qualified.
However, opinions may be qualified when the evidence falls
short of anidentificationor elimination.
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of infringement of such rights, are entirely their own responsibility.
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Designation: E 1789 – 04


Standard Guide for
Writing Ink Identification1


This standard is issued under the fixed designation E 1789; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


INTRODUCTION


This guide is intended as a general outline for use in forensic ink examinations, where the intention
is to identify an ink formula or type. It is designed both for the experienced document examiner (see
Guide E 444) and for those unfamiliar with previously reported procedures. The aim is to describe
those techniques that will provide the most information about an ink with the least damage to the
document. This guide refers to well-reported and thoroughly tested techniques currently in use by
forensic document examiners, chemists, and other scientists.


Following the procedures as outlined, an examiner can accurately discriminate between ink
formulas; as well as significantly reducing the possibility of reporting false matches of ink samples
from different sources or incorrectly differentiating ink samples from a common source.


Identifications of ink formulas may be accomplished through the use of an adequate collection of
standards. The necessary completeness of a comparison collection and limitations of conclusions will
be addressed in the guide.


1. Scope


1.1 This guide covers assisting forensic examiners in iden-
tifying writing inks. Included in this analysis scheme are the
necessary tools and techniques which have been successfully
utilized to reach conclusions as to the common or different
origin of two samples of ink.


1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Guide to Descriptions of Scopes of Work Relating to
Forensic Sciences for Questioned Document Area


E 1422 Guide for Test Methods for Forensic Writing Ink
Comparison


2.2 NIST Standards:


NBS Standard Sample No. 2106 ISCC-NBS Centroid Color
Charts3


NBS Special Pub. 440 Color: Universal Language and
Dictionary of Names3


3. Terminology


3.1 Definitions—Terminology has been defined in Guide
E 1422, with the following addition:


3.1.1 ink library—an organized collection of reference
samples of inks and related materials.


3.1.1.1 Discussion—For maximum effectiveness in identi-
fication of questioned ink, an ink library should at minimum
include the following elements: reference samples of ink in
unused form, either in bulk samples from the manufacturer or
in distribution form such as bottles, pens, or cartridges; dried
ink specimens of each reference sample of ink placed on paper
(scribble sheets); analysis results of each reference sample of
ink, for example, TLC sheets/plates; and an ink information file
for each reference sample of ink containing available relevant
data. All elements of the collection should be as complete,
comprehensive, and up-to-date as possible, although this will
vary between ink libraries.1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic


Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Dec. 1, 2004. Published January 2005. Originally
approved in 1996. Last previous editon approved in 1996 as E 1789–96.


2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.


3 Available from U.S. Department of Commerce, National Bureau of Standards,
Office of Standard Reference Materials, R. B311, Chemistry Building, Gaithersburg,
MD 20899.
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4. Significance and Use


4.1 The reasons for identifying writing inks are to obtain
information about: the origin; relative availability; distribution;
and first and last (if applicable) production dates. It is this
valuable information available from the manufacturer and
through the use of a collection of standards that differentiates
this guide from Guide E 1422.


4.1.1 The procedure set forth in this guide are applicable in
determining the significance of a match obtained by perform-
ing the examinations set out in Guide E 1422 (by showing how
rare or common an ink formula may be), or in determining the
source of an ink. The identification of a specific ink formula
can facilitate the determination of the first date of production
and the discontinuance date of that ink.4


4.1.2 In addition to proficiency in the use of the necessary
analytical procedures, specialized knowledge and experience
on the part of the examiner are required.5 Also required is a
comprehensive collection of reference samples of ink and
related materials (ink library). The ink reference standards are
cataloged, analyzed, and stored according to the procedures
described in Section 7.


4.2 Even with access to a comprehensive ink library, it is not
always possible to positively identify a questioned ink sample.
This is because some ink formulations are very similar; usually
only non-volatile ingredients such as dyes and pigments are
compared; and no matter how comprehensive the ink library is,
the collection will never be complete.6


4.2.1 Some ink formulas are not distinguishable; they be-
have in the same manner under various examinations because
they have similar formulas with the same nonvolatile compo-
nents. Thus, it is not always possible to find a single reference
ink sample in the ink library that matches a questioned ink.
Even if one is found, it may not provide an identification unless
the ink formula is shown to be unique because it contains a
specific component. For these reasons, it will not be possible to
identify every questioned ink. There is not always a forensic
answer to a question at hand.


4.2.2 It must also be understood that it is not possible to
create an all inclusive ink library, just as it would not be
possible to obtain every fingerprint, or every paint, soil, or
glass sample. Conclusions as to the identity of an ink are
dependent on the completeness of the ink library used. Thus, it
is possible that there are one or more inks not in the ink library
that would be indistinguishable from the questioned ink.


4.3 In spite of these limitations, questioned inks can be
associated with reference ink samples with a high degree of
confidence using the systematic approach in this guide. The
analytical procedures given here, such as TLC and TLC
Densitometry, are sufficient to distinguish most inks, and


therefore to match most questioned ink samples to a reference
sample of ink or a relatively limited group of reference samples
in an ink library.


4.3.1 Just as with other forensic tools, for example, FTIR,
GC, HPLC, etc., pattern profile matching with reference
samples is often sufficient to yield an identification. Individual
component identification through an internal standard ap-
proach may be used, but is not usually necessary.4


5. Interferences


5.1 Most interferences with ink examinations and subse-
quent identifications are a result of variables interacting with
the ink. These variables can usually be attributed to the writing
process or storage conditions, or a combination thereof, and are
discussed in Guide E 1422. Evaluation of these variables can
avoid problems examinations.


5.2 Other interferences can be caused by changes to the
TLC diffusion of fluorescent components, differences in the
paper controls, differences in color due to fading either of the
inks or of the components on the TLC sheet/plate, solvent
depletion, or a combination of these and other factors. Evalu-
ation of these variables, use of paper blanks, and proper storage
and maintenance of the reference samples and related material
in the ink library can avoid problems in examinations.


5.3 Large batch-to-batch variations in the manufacturing
process can also lead to problems in evaluating a match.


6. Reagents and Equipment


6.1 Appropriate reagents and equipment for the required
techniques have been listed in Guide E 1422, with the follow-
ing additions:


6.1.1 Low Resolution Precoated Plastic or Glass Sheets/
Plates of Silica Gel, without fluorescent indicator (60 angstrom
pore size).


NOTE 1—Low resolution sheets/plates are generally not as sensitive to
external effects, for example, temperature, humidity, and development
conditions. They have the quality of exhibiting excellent reproducibility
and as such are an appropriate choice for storage media of the ink library
TLC plates.


6.1.2 High Resolution Precoated Plastic or Glass Sheets/
Plates of Silica Gel, without fluorescent indicator (60 angstrom
pore size).


NOTE 2—It is recommended that the TLC sheets/plates be kept in a
desiccator.


7. Procedure


7.1 Collection, Preparation, and Analysis of Reference Ma-
terials for the Ink Library:


7.1.1 Reference Samples of Ink:
7.1.1.1 The core of the ink library consists of reference


samples of ink formulas, usually obtained from ink manufac-
turers. Additionally, ink and pens should be purchased at
retailers on a regular basis (at least once a year), because it is
not always possible to obtain samples directly from all manu-
facturers of ink. Because of international trade and travel
patterns, reference samples of ink should be obtained on a
world-wide basis.


7.1.1.2 Accession information for each reference sample of
ink should be recorded, such as date of acquisition, source, etc.


4 Brunelle, R. L. and Pro, M. J., “A Systematic Approach to Ink Identification,”
Journal of Offıcial Analytical Chemistry, Vol 55, 1972, pp. 823–826.


5 Brunelle, R. L. and Cantu, A. A., “Training Requirements and Ethical
Responsibilities of Forensic Scientists Performing Ink Dating Examinations,” Letter
to the Editor, Journal of Forensic Sciences, November, 1987.


6 Crown, D. A., Brunelle, R. L., and Cantu, A. A., “Parameters of Ballpoint Ink
Examination,” Journal of Forensic Sciences, Vol 21, 1976, pp. 917–922.
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For an assembly of reference samples of ink to be considered
a collection rather than an accumulation, it must be organized
and cataloged. If a computerized database is used, searching
can be on any criteria; if not, the features noted in a light
examination performed in accordance with Guide E 1422 can
be used to organize the collection.


7.1.1.3 Reference samples of ink should be stored under
optimal laboratory conditions (sealed containers, darkness,
temperature and humidity controlled) to retard drying, oxida-
tion, and other changes related to aging.


7.1.2 Dried Ink Specimens:
7.1.2.1 Prepare a specimen by making lines or marks on a


sheet of paper (scribble sheet). Record the date of preparation.
Allow the ink to dry for up to 1 h under ambient conditions
before storing.


NOTE 3—Dried ink specimens can be effectively stored on filter type
paper that does not contain optical brightener additives. A sample of any
paper being considered for a library storage media should be analyzed
following the laboratory procedures as indicated in this standard. This will
determine if the paper will interfere with the examination procedure.


7.1.2.2 Dried ink specimens should be stored under optimal
laboratory conditions (darkness, temperature and humidity
controlled) to retard fading and other changes.


7.1.3 Results of Analysis of Reference Samples—Because
questioned ink samples will be analyzed in accordance with
Guide E 1422 for comparison with the ink library (see 7.2), the
reference samples in the library should undergo the same
analyses with results preserved for future searching.


7.1.3.1 Perform the light, ultraviolet (UV), and infrared (IR)
examinations in accordance with Guide E 1422.


7.1.3.2 Perform the spot testing and solubility testing in
accordance with Guide E 1422.


7.1.3.3 Perform the thin layer chromatography TLC exami-
nation in accordance with Guide E 1422.


7.1.3.3.1 Note and record the extraction solvent used.
Where appropriate, prepare duplicate extractions using all the
different solvents likely to be employed in extraction from
various substrata. Prepare a TLC of each extract, recording the
solvent used. Appropriate TLC sheets/plates will then be
available for comparison with questioned samples.


7.1.3.3.2 The TLC analysis should be conducted on low
resolution type sheets/plates. Low resolution sheets/plates are
generally not as sensitive to external effects, for example,
temperature, humidity, or development conditions. They have
the quality of exhibiting excellent reproducibility and as such
are an appropriate choice for storage media of the ink library
TLC sheets/plates.


NOTE 4—Plastic backed 60 angstrom size silica gel without fluorescent
indicator sheets/plates has been found to be satisfactory.


7.1.3.3.3 Ink library TLC sheets/plates should be stored
under optimal laboratory conditions (darkness, temperature
and humidity controlled) to extend the useful life of the
sheets/plates. TLC sheets/plates have a limited useful life: the
sheets/plates themselves will degrade after 10 to 20 years, and
the band colors and fluorescence characteristics may fade or
undergo other changes sooner. Deteriorating TLC sheets/plates
should be replaced as needed.


7.1.4 Ink Information Files:


7.1.4.1 All available relevant data on each reference ink
sample should be collected and maintained. This can include
information on the manufacturer; ink formula; manufacturer’s
designation(s) and marketing name(s); other user’s (for ex-
ample, pen manufacturers) and their designation(s) and mar-
keting name(s); volume of ink manufactured; area(s) of distri-
bution; first production date; date first released to the public;
last production date; etc.


NOTE 5—Some information may be considered proprietary by the ink
manufacturer or other source. Such information should be treated with the
appropriate confidentiality.


7.1.4.2 Analytical results and other data from 7.1.3 should
be maintained. Efficient organization of this information can
facilitate searches of the ink library.


7.2 Ink Identification—Ink identification is a two step pro-
cess. The first step involves comparative analysis techniques
described in Guide E 1422. The second step includes compari-
son of any resulting TLC plate from the initial analysis to an
ink library.


7.2.1 Perform the light, ultraviolet (UV), and infrared (IR)
examinations and record results in accordance with Guide
E 1422.


7.2.2 Perform the spot testing and solubility testing and
record results in accordance with Guide E 1422.


7.2.3 Perform the thin layer chromatography TLC examina-
tion in accordance with Guide E 1422.


7.2.3.1 The comparison reference inks in the ink library
must have been extracted using the same solvent. If there is no
TLC plate in the ink library that meets this requirement,
prepare one in accordance with Guide E 1422 using the
appropriate solvent before proceeding.


7.2.4 First TLC Interpretation:
7.2.4.1 Samples of ink with qualitatively different colorant


compositions can be easily distinguished by comparison of the
characteristics described in Guide E 1422.


7.2.5 Comparison Against a Library of Standards:
7.2.5.1 Where comparison against a library of standards is


desired, the initial TLC analysis should be conducted on low
resolution type sheets/plates of the same type used to prepare
the TLC sheets/plates in the ink library.


7.2.5.2 Using the results of the light, ultraviolet (UV), and
infrared (IR) examinations (see 7.2.1) search the library for
samples known to produce these results. Physically compare
the questioned ink sample in situ with the dried ink samples
from the ink library. Note and record all ink library reference
samples that are consistent with the questioned ink at this
stage.


7.2.5.3 Physically compare the chromatogram of the ques-
tioned ink with the chromatograms of all the reference samples
in the ink library that were not eliminated in 7.2.5.2. Observe
the band colors, Rf separations, and fluorescence characteris-
tics. Note and record all ink library reference samples that are
consistent with the questioned ink at this stage.


7.2.5.4 Those reference samples that match at every level of
the examination are selected as possible matches in preparation
for the second TLC comparative examination.
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7.2.5.4.1 Reference samples from the ink library having
explicable differences should also be selected as possible
matches. Such over-selection of standard inks reduces the
possibility that a true match is not eliminated from consider-
ation. Explicable differences include characteristics arising
from diffusion of fluorescent components, differences in the
paper controls, differences in color due to fading either of the
inks or of the components on the TLC sheet/plate, solvent
depletion, or a combination of these and other factors.


7.2.6 Second TLC Analysis:
7.2.6.1 Begin a second TLC comparison between the ques-


tioned ink and the potential matches from the ink library. This
examination may further reduce the number of standard library
inks that could match the questioned ink.


NOTE 6—The TLC sheets/plates used at this stage should be very high
resolution. TLC sheets/plates that are high resolution are generally very
sensitive both to their surroundings and to development conditions. The
reproducibility within a plate is extremely good; however, plates should
not be inter-compared due to potential variations.


7.2.6.2 Remove a suitable amount of sample from each of
the reference ink samples in the ink library whose physical and
chemical TLC results are consistent with the questioned ink’s.
There may be many potential library matches at this stage of
the examination. Every potential match should be sampled.


7.2.6.3 Perform a TLC analysis in accordance with Guide
E 1422.


NOTE 7—Glass backed 60 angstrom size silica gel without fluorescent
indicator plates has been found to be satisfactory. Variations within plates
of the same type and manufacturer have been noted.


NOTE 8—Spot all inks and the paper control samples (blanks) on the
same plate. This is necessary based on the sensitivity of the high resolution
TLC plates. If more than one plate is needed (one 20 by 20 cm plate can
accept approximately 18 spots 2 to 3 mm wide) respot the questioned
ink(s) and paper control(s) on each additional plate.


7.2.7 Second TLC Interpretation:
7.2.7.1 Physically compare the chromatograms of the ques-


tioned and selected standard ink(s). Note and record the
consistencies in band colors, Rf values, and any fluorescence
characteristics. Also note and record any inconsistencies.


7.2.7.2 These comparative examinations between the ques-
tioned and standard inks provide the necessary information to
eliminate non-matching inks and to locate one or more
matching reference ink samples in the ink library (if any
matches are present).


8. Additional Analyses


8.1 To date, most forensic analyses of writing inks involve
thin layer chromatography. TLC provides a reproducible
method that allows for storage of standards and for subsequent
comparisons with unknowns. Sometimes, optical techniques
along with TLC are insufficient to narrow the field of possible
matches to a single reference sample in the ink library. The
previously described analysis methods are not by any means
the only techniques that can be used, nor are they represented
to be the best of all possible methods. Each examination should
be considered as an individual matter involving decisions
regarding the best method(s) of analysis. The analyst must use
the best analytical techniques available, be aware of advan-
tages and shortcomings and determine as many identification


criteria as necessary. If more information is needed regarding a
particular ink, the additional techniques listed in Guide E 1422
can be tried.


9. Reporting Conclusions


9.1 In reporting conclusions of comparative examinations
with an ink library, three necessary elements should be
included: (1) a listing of the examinations performed; (2) the
matches found; and (3) the conclusions drawn.


9.2 Examinations Performed—The report should include a
listing of the laboratory examinations conducted. This section
should discuss, but does not need to be limited to, the
techniques found in Sections 7 and 8.


9.2.1 Examples—“Optical (physical) and chemical exami-
nations were performed on the questioned ink from exhibit
(give exhibit designation) and the results were compared with
those from inks in our ink library. The examinations conducted
include (list examinations performed).”


NOTE 9—If the exhibit bears several questioned inks, the report should
state their location on the document and that the results of their individual
examination were compared with each other. The report should identify
questioned inks that are different from each other by sorting the ques-
tioned inks into distinct groups consisting of inks that match each other.


9.3 The Matching Standard Ink(s)—The cumulative set of
comparative examinations (see Sections 7 and 8) will deter-
mine the number of reference ink samples (if any) that match
a questioned ink. Depending on the level of analysis, a
questioned ink can be said to match one or more reference
samples in the ink library.


9.3.1 Differentiation:
9.3.1.1 If significant, reproducible, inexplicable differences


between the questioned ink sample and a reference sample are
found at any level of the physical, or chemical analyses, or
both, it may be concluded that the inks do not have a common
origin.


9.3.1.2 However, when inks give differing test results, the
possibility of batch-to-batch variation within an ink formula
must be considered; this kind of slight variation may be
detectable utilizing sophisticated instrumentation, generally
limited to FTIR, GC/MS, HPLC and/or XRF. The potential
influences of interfering factors that can alter the composition
of an ink sample must also be considered (see Section 5).


9.3.2 Matches—When the comparison of the questioned ink
sample and a reference sample by optical and chemical
analyses reveal no significant, reproducible, inexplicable dif-
ferences and there is significant agreement in all observable
aspects of the results, it may be concluded that the ink samples
match at that level of analysis and that the results of the
examination indicate that the ink samples are of the same
formula or of two similar formulas with the same
components.6The possibility that other analytical techniques
might be able to differentiate the samples should be considered.


NOTE 10—Each comparative examination has its own criteria for
determining if a match exists. These are determined by the examiner,
based on the examiner’s training and experience. Matching criteria should
not include inexplicable differences that are too vague (since this may
unnecessarily increase the number of matching possibilities) or too
specific (since this may eliminate an actual match).


NOTE 11—When a comparative examination yields no inexplicable


E 1789 – 04


4
Copyright by ASTM Int'l (all rights reserved);
Reproduction authorized per License Agreement with RANDY E GIBSON (); Mon Jan 30 17:59:44 EST 2006







differences, the items compared may be said to match or to be indistin-
guishable at that level of analysis. These terms are not synonymous with
the term similar, a term sometimes used for near matches where the results
are close but do not meet all the necessary criteria.


9.3.3 An important concern when reaching a conclusion
regarding ink matches is whether the matching inks are the
same to the exclusion of all other inks. The possibility that the
questioned ink matches an ink formula not in the ink library
must be assessed based on the experience of the examiner, who
evaluates the characteristics of the questioned ink, the exami-
nations performed, the comprehensiveness of the ink library,
and information from the ink manufacturer. Based on the above
cited factors, this possibility can range from highly probable to
extremely unlikely.


9.4 Single Library Match—The questioned ink matches
only one reference ink sample in ink library to the exclusion of
all other reference ink samples.


9.4.1 The matching reference ink sample must be the only
one in the library that matches (see 9.3.2) when compared by
each examination with the questioned ink sample.


9.4.2 Furthermore, it must be possible to differentiate (see
9.3.1) the questioned ink sample from each of the other
(nonmatching) reference ink samples in the library by at least
one comparison, thereby eliminating all other reference
samples in the ink library as a possible match for the
questioned ink.


9.4.3 In the absence of a unique component in the ink
formula or some other reason to discount the possibility that
the questioned ink may also match one or more additional inks
not in the ink library, conclusions should not be reported in
absolute terms as an identification, even though based on the
comprehensiveness of the standard ink library, the level of
examinations performed, and the characteristics determined,
this possibility can be remote.


9.4.3.1 Examples—“These findings suggest that the ques-
tioned ink matches only one standard reference ink from the
ink library.” Alternatively, “these findings suggest that the
matching standard ink is the only standard ink that could not be
eliminated as being, the questioned ink.” An equivalent state-
ment can be substituted.


9.4.4 If it is determined that the questioned ink sample
matches a reference sample that is unique, the report of the
findings and of the conclusions should reflect this.


9.4.4.1 Examples—“The questioned ink was found to
uniquely match a reference sample ink.” The conclusion
should also state that “The questioned ink is (identified as) the
matching standard ink.”


9.4.5 Depending on the information requested by the sub-
mitter, the report may include the ink manufacturer’s name; the
manufacturer’s designation for the formula; the first production
date and last production date; the area(s) of distribution; the
brand and type of pens using the formula. If a first commercial
production date of the questioned ink was requested, report that
the questioned ink matches a reference sample in the ink


library that was first manufactured on (state first production
date of the matching reference sample ink). Identification of
specific dyes, components, and ratios should be avoided as this
information may be considered proprietary to the manufac-
turer.


9.5 Multiple Library Match—The questioned ink matches a
group of two or more reference ink samples in the ink library
to the exclusion of all other reference ink samples outside the
group.


9.5.1 The matching reference ink samples must be the only
ones in the library that match (see 9.3.2) when compared by
each examination with the questioned ink sample.


9.5.2 Furthermore, it must be possible to differentiate (see
9.3.1) the questioned ink sample from each of the other
(nonmatching) reference ink samples in the library by at least
one comparison, thereby eliminating all other reference
samples as a possible match for the questioned ink.


9.5.3 Conclusions should be reported in a manner similar to
a single library match (see 9.5.3), while reflecting the multiple
matches found.


9.5.3.1 Example—“These findings suggest that the ques-
tioned ink is one of these matching standard inks or another ink
with the same determined characteristics.”


9.5.4 Reporting these findings may also include informa-
tional items regarding the inks (see 9.5.3). If a first commercial
production date of the questioned ink was requested, then it is
necessary to report the earliest first production date found
within the group of matching reference samples. As noted
above, no information should be reported that may be deemed
proprietary to the manufacturer.


9.6 No Match—The questioned ink does not match any
reference samples of ink in the ink library.


9.6.1 Inability to find a matching reference sample in the ink
library could be due to one or more of several causes: The ink
formula of the questioned ink sample exists outside of the
library; but a reference sample of that ink formula is not in the
ink library. A reference sample of the ink formula is in the ink
library but does not match the questioned ink sample because
of significant batch to batch variations in the manufacturing
process. The questioned ink sample has changed to the point
that it no longer will match a reference sample of the same ink
formula in the library.


9.6.2 The report can list some of the possible reasons for
these results.


9.6.2.1 Examples—“The questioned ink was not found to
match any reference sample ink in the ink library. The
questioned ink’s appearance and characteristics may have
changed (have been altered) due to storage conditions, con-
tamination, etc. Another possibility is that the questioned ink
may be one that is not in the ink library.”


10. Keywords


10.1 forensic sciences; ink identification; questioned
documents
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Designation: E 2288 – 03


Standard Guide for
Physical Match of Paper Cuts, Tears, and Perforations in
Forensic Document Examinations 1


This standard is issued under the fixed designation E 2288; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons to determine whether or not two or more paper
fragments were at one time joined to form a single piece of
paper.


1.2 These procedures are applicable whether the examina-
tion(s) and comparison(s) is of questioned and known items or
of exclusively questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature sufficiency of the material available for
examination.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Guide for Descriptions of Scopes of Work Relating to


Forensic Document Examiners2


E 1732 Terminology Relating to Forensic Science2


E 2195 Terminology Relating to the Examination of Ques-
tioned Documents2


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminology E 1732 and Terminology E 2195.


4. Significance and Use


4.1 This guide is intended for, but may not be limited to,
physical match examinations of paper items. The physical
matching or realignment of items of evidence may occur in two
or three dimensions.


4.2 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether or not two or more paper
fragments were at one time parts of a single piece of paper.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to limited quantity, or compara-
bility, or condition of the items submitted for examination. The
condition of a paper sample may make it unsuitable for some
types of examinations (for example, items that are water
soaked, stained, soiled, charred, or finely shredded paper).Such
features are taken into account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean gloves).


5.4 In the absence of individual characteristics, it may only
be possible to demonstrate an association between two or more
items through the commonality of class characteristics.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted lighting, side
lighting, and vertical incident lighting have been found useful.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved March 10, 2003. Published April 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Other apparatus as appropriate. Aids in the examination
process can include clamps, clips, temporary adhesives, and
other materials that will not adversely affect the specimen(s).


6.4 Imaging or other equipment for recording observations
as required.


6.5 Sufficient time and facilities to complete all applicable
procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether or not the specimens are broken or
separated.


7.5 Determine whether or not the specimens are suitable to
be physically realigned.


7.6 Evaluate the specimens for individualizing characteris-
tics.


7.7 Conduct a side-by-side comparison of the specimens
using the following steps:


7.7.1 Visual inspection.
7.7.2 Manual alignment.
7.7.3 Edge-to-edge realignment.
7.7.4 Surface markings.


7.7.5 Measurements and pattern count.


NOTE 2—Consideration should be given to repackaging the items in a
manner that preserves fragile match areas, facilitates recovery, and permits
demonstration.


7.8 Evaluate similarities, differences, and limitations. Deter-
mine their significance individually and in combination.


7.9 Reach a conclusion and report accordingly


8. Report


8.1 Conclusion(s), or opinion(s), or other finding(s) result-
ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should be included in the examiner’s documen-
tation and may also be included in the report.


8.3 Once examinations and comparisons have been com-
pleted, reports may include, but are not limited to, the
following types of conclusions and other findings.


8.3.1 The paper fragments were at one time joined to form
a single piece of paper.


8.3.2 Although class similarities were observed, there were
insufficient individual features to determine whether or not the
paper fragments were at one time joined to form a single piece
of paper.


8.3.3 The paper samples did not originate from a single
piece of paper.


NOTE 3—As a result of the reconstruction of the paper fragments,
additional examinations (for example, latent prints or indentations) may
be appropriate. The report may also include information such as the visible
text, indentations, and contaminants observed following reconstruction.


9. Keywords


9.1 cut paper; forensic sciences; fracture fit; fracture match;
paper fragments; perforations; physical match; questioned
documents; torn paper
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Designation: E 2388 – 05


Standard Guide for
Minimum Training Requirements for Forensic Document
Examiners1


This standard is issued under the fixed designation E 2388; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides minimum requirements and proce-
dures that should be used for the fundamental training of
forensic document examiners (E 444).


1.2 This guide may not cover all aspects of training for the
topics addressed or for unusual or uncommon examinations.


1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Standard Descriptions of Scope of Work Relating to
Forensic Document Examiners


E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to Forensic Document Ex-


amination


3. Terminology


3.1 Definitions:
3.1.1 technical visit, n—travel for the purpose of obtaining


information, knowledge, or training, including interaction with
or demonstration by pertinent manufacturers, businesses, and
laboratories.


3.1.2 For definitions of terms in this guide, refer to Termi-
nologies E 1732 and E 2195.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these


requirements and procedures, an appropriate trainee (see 5.2)
can acquire the scientific, technical, and other specialized
knowledge, skill, and experience required to reliably perform
the work of a forensic document examiner (E 444).


5. Equipment and Personnel


5.1 Training Materials and Equipment:
5.1.1 Access to texts, periodicals, papers, and other profes-


sional literature.
5.1.2 Access to equipment appropriate to each area of


instruction.
5.2 Requirements for the Trainee Candidate:
5.2.1 An earned baccalaureate degree or equivalent from an


accredited college or university.
5.2.2 Documented successful completion of a form dis-


crimination test.
5.2.3 Documented successful completion of a color percep-


tion test.
5.2.4 Documented successful completion of near and distant


visual acuity tests with best corrected vision within six months
prior to commencement of training.


5.3 Requirements for the Trainer(s):
5.3.1 Requirements for the principal trainer:
5.3.1.1 The principal trainer shall be a forensic document


examiner;
5.3.1.2 Have successfully completed the equivalent of a


minimum of 24 months full-time supervised training;
5.3.1.3 Have been trained in the topics of instruction in this


guide (Section 7); and
5.3.1.4 Have at least five years of full-time post-training


experience as a forensic document examiner.
5.3.1.5 All of the above should be documented.
5.3.1.6 The principal trainer should have successfully com-


pleted a course or seminar in instructor development.
5.3.2 The qualifications of any other trainers shall be


approved by the principal trainer.


6. Procedure


6.1 The training program shall be the equivalent of a
minimum of 24 months full-time training under the supervision
of a principal trainer.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Sept. 15, 2005. Published October 2005.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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6.1.1 The training program shall be successfully completed
in a period not to exceed four years.


6.1.2 Each area of instruction will have an objective(s)
established by the principal trainer. Examination(s) (for ex-
ample, written test, oral test, practical exercise) will be
administered in order to measure the trainee’s knowledge.


NOTE 1—Although attending meetings and presentations is useful as
supplemental training, it does not replace the training outlined in Section
7 of this guide. However, the principal trainer may grant credit to the
trainee for knowledge (as per Section 7) acquired at such meetings and
presentations.


6.1.3 The principal trainer may grant credit for prior training
or experience in Section 7 subject areas when the trainee can
demonstrate and document such training or experience.


6.1.4 A training record for each trainee will be maintained
and will document the following:


6.1.4.1 Instruction in each topic area.
6.1.4.2 A bibliography of relevant literature studied.
6.1.4.3 Examination(s) (for example, written test, oral test,


practical exercise).
6.1.4.4 Case statistics (for example, number, type, items,


reports).
6.1.4.5 Outside training, technical visits, courses, confer-


ences, or workshops attended.
6.1.4.6 Research conducted.


7. Syllabus


7.1 A formal written training program will include specific
topics of instruction. The order in which they are administered
is discretionary; however, the amount of time must be adequate
to ensure competency in all topic areas. The minimum specific
topics are:


7.2 Introduction and History of Forensic Document Exami-
nation:


7.2.1 Ethical responsibilities.
7.2.2 Literature of the field.
7.2.3 Evolution of the field.
7.2.4 Historical cases.
7.2.5 Scientific method.
7.2.6 Research methodology.
7.3 Evidence Handling Procedures:
7.3.1 Procedures and protocols.
7.3.2 Relationship of forensic document examination to


other forensic disciplines.
7.3.3 Collection and preservation.
7.3.4 Marking and documentation.
7.3.5 Chain of custody.
7.4 Examination Procedures:
7.4.1 Procedures and protocols.
7.4.2 Theory of individualization.
7.4.3 Case organization.
7.4.4 Note taking.
7.4.5 Conclusions and findings.
7.4.6 Report writing.
7.5 Laboratory Instrumentation and Equipment:
7.5.1 Procedures and protocols.
7.5.2 Physics of light pertinent to forensic document exami-


nation procedures.


7.5.3 Microscopy.
7.5.4 Measuring systems and devices.
7.5.5 Light sources.
7.5.6 Electrostatic detection devices.
7.5.7 Typewriter examination devices.
7.5.8 Computers and peripherals.
7.5.9 Other relevant laboratory equipment.
7.6 Paper:
7.6.1 Procedures and protocols.
7.6.2 History of paper.
7.6.3 Manufacturing processes.
7.6.4 Physical properties (for example, light-reactive, wa-


termarks, dimensions, security features).
7.6.5 Physical matches (for example, fibers, tears, edge


striations).
7.6.6 Tapes and adhesives.
7.6.7 Indentations.
7.7 Writing Instruments and Inks:
7.7.1 Procedures and protocols.
7.7.2 History of writing instruments and inks.
7.7.3 Properties of inks.
7.7.4 Destructive and nondestructive analyses of inks.
7.7.5 Writing instrument characteristics.
7.7.6 Sequence, direction, and pressure of strokes.
7.8 Handwriting (including Cursive or Script Style Writing,


Hand Printing, Signatures, Numerals, and Other Written
Marks or Signs):


7.8.1 Procedures and protocols.
7.8.2 History and theory.
7.8.3 Physiology of handwriting and motor control.
7.8.4 Handwriting systems.
7.8.5 Handwriting comparison process.
7.8.6 Individualizing characteristics (individual and class).
7.8.7 Features of handwriting (for example, variation, line


quality, skill level).
7.8.8 Distorted handwriting.
7.8.9 Factors affecting handwriting (internal and external).
7.8.10 Tracings and simulations.
7.8.11 Other handwriting problems.
7.9 Alterations, Obliterations, and Erasures:
7.9.1 Procedures and Protocols.
7.9.2 Types of alterations (for example, page substitution,


insertion).
7.9.3 Types of obliterations (for example, opaquing fluid,


over-writing, chemical).
7.9.4 Types of erasures (physical and chemical).
7.9.5 Detection and decipherment techniques.
7.10 Typewriters:
7.10.1 Procedures and protocols.
7.10.2 History of typewriters.
7.10.3 Fundamentals of typewriter examination (individual-


ization and comparison).
7.10.4 Typestyle classification.
7.10.5 Typing and correction ribbon examinations.
7.10.6 Paper fiber transfer.
7.11 Computer Printers:
7.11.1 Procedures and protocols.
7.11.2 History of computer printers.
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7.11.3 Fundamentals of computer printer examinations (in-
dividualization and comparison).


7.11.4 Computer printing processes (impact and nonim-
pact).


7.11.5 Font classification.
7.12 Photocopiers:
7.12.1 Procedures and protocols.
7.12.2 History of photocopiers.
7.12.3 Electrostatic and other imaging processes.
7.12.4 Fundamentals of examination (individualization and


comparison).
7.12.5 Alteration and manipulation techniques.
7.13 Facsimiles:
7.13.1 Procedures and protocols.
7.13.2 History of facsimile machines.
7.13.3 Imaging processes.
7.13.4 Fundamentals of examination (individualization and


comparison).
7.13.5 Alteration and manipulation techniques.
7.14 Printing Processes:
7.14.1 Procedures and protocols.
7.14.2 History of printing.
7.14.3 Typography.
7.14.4 Characteristics of printing processes.
7.14.5 Fundamentals of examination (individualization and


comparison).
7.14.6 Security features.
7.15 Mechanical Impressions:
7.15.1 Procedures and protocols.
7.15.2 History of devices (for example, check writers,


rubber and polymer stamps, paper binders, staples, embossing
devices, seals and stamped impressions, fasteners, hole punch-
ers).


7.15.3 Fundamentals of examination (individualization and
comparison).


7.16 Charred and Soaked Documents:


7.16.1 Procedures and protocols.
7.16.2 Care and preservation.
7.16.3 Examination and decipherment.
7.17 Photography and Digital Imaging:
7.17.1 Procedures and protocols.
7.17.2 General photography.
7.17.3 Document photography.
7.17.4 Digital photography.
7.17.5 Digital imaging techniques.
7.17.6 Alteration and manipulation techniques.
7.17.7 Image editing software.
7.18 Miscellaneous Examinations:
7.18.1 Dependent upon the capabilities or requirements of


the laboratory.
7.19 Expert Witness and Legal Proceedings:
7.19.1 Procedures and protocols.
7.19.2 Terminology.
7.19.3 Relevant law.
7.19.4 Adjudication systems.
7.19.5 Effective communication.
7.19.6 Courtroom demeanor.
7.19.7 Preparation and use of demonstrative exhibits.
7.19.8 Observation of pre-trial conferences and testimony


of experts, actual or mock.
7.19.9 Participation as an expert witness in mock trials.
7.20 Practical Experience:
7.20.1 Supervised casework.
7.20.2 Training or observation at other forensic document


laboratories is recommended.
7.20.3 Supplemental education (for example, courses, semi-


nars, technical visits, workshops).


8. Keywords


8.1 forensic document examination; forensic document ex-
aminer; forensic sciences; questioned documents; training
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Designation: E 2289 – 03


Standard Guide for
Examination of Rubber Stamp Impressions 1


This standard is issued under the fixed designation E 2289; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons involving rubber stamps and their impressions.


1.2 These procedures are applicable whether the examina-
tion(s) and comparison(s) is of questioned and known items or
of exclusively questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature and sufficiency of the material avail-
able for examination.


1.5 This guide may not cover all aspects of particularly
unusual or uncommon examinations.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Descriptions of Scope of Work Relating to Forensic


Document Examiners2


E 1732 Terminology Relating to Forensic Science2


E 2195 Terminology Relating to Forensic Document Ex-
amination2


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminology E 1732 and Terminology E 2195.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 coincidental peripheral printing, n—printing resulting


from an impression of unintended printing areas, often on the
periphery, of a stamp. This may be due to the manufacturing
process or the stamping technique.


3.2.2 rubber stamp, n—any of a wide variety of hand
printing devices made of many materials not necessarily
rubber. Syn.—hand stamp, cachet.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more impressions have
a common origin or if a rubber stamp impression was created
by a specific rubber stamp.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to submission of non-original
documents, limited quantity or comparability, or condition of
the items submitted for examination (for example, impressions
made with over-inked or inadequately inked stamps, partially
imprinted impressions, or variations in surface texture). Such
features are taken into account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean hand coverings).


5.4 Consideration should be given to the possibility that a
rubber stamp can be manufactured which duplicates the
impressions of another stamp, and that various forms of
simulations, imitations, and duplicates of rubber stamps or
rubber stamp impressions can be generated by computer and
other means.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted illumination,
side lighting, and vertical incident lighting have been found useful.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved March 10, 2003. Published April 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 A stamp pad, stamp pad ink and adequate smooth (bond)
paper or other suitable substrate to collect specimens from the
rubber stamp if available.


6.4 Other apparatus as appropriate.
6.5 Imaging or other equipment for recording observations


as required.
6.6 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether the submitted questioned impres-
sion(s) were produced by a rubber stamp. If not a rubber stamp
impression (original or copy), discontinue examination and
report accordingly.


7.5 Determine whether the examination is a comparison of
questioned impressions; a comparison of a questioned impres-
sion(s) with a known impression(s); or a comparison of a
questioned impression(s) with a rubber stamp(s).


7.6 Determine whether the submitted questioned impres-
sion(s) is suitable for comparison. If it is not suitable for
comparison, discontinue the procedure and report accordingly.
Factors that affect the suitability include clarity, detail, degree
of inking or condition of the document.


NOTE 2—Examination of the original is preferable, and consideration
should be given to obtaining the original, if not submitted.


NOTE 3—Limited sufficiency and comparability of the impressions can
be a restrictive factor in an examination and its conclusions but does not
necessarily require the discontinuation of the examination.


7.7 If no known specimen impressions or rubber stamp(s)
were submitted, go to 7.11.


7.8 If a rubber stamp(s) is submitted, its condition should be
noted (for example, clean, dirty, inked, worn, damaged).


7.8.1 Note, when applicable, class characteristics (for ex-
ample, typeface design and size). Consideration should be
given to sampling ink from the stamp prior to taking exem-
plars.


7.8.2 Note any visible features that reproduce on the im-
pression.


7.8.3 Prepare appropriate specimens, as needed.
7.9 Determine if any of the known specimen impressions


are suitable for comparison.


7.10 If none of the known specimen impressions are suit-
able for comparison and no others are obtained, discontinue
these procedures and report accordingly.


7.11 Conduct a side-by-side comparison of the questioned
impressions, or the questioned impression to the known im-
pressions and/or to the rubber stamp(s).


7.11.1 Compare class characteristics (for example, size,
type style, text, shape). If different, discontinue and report
accordingly.


7.11.2 Compare individualizing characteristics in common
such as wear and damage defects, reproducible blemishes,
impression voids, improper and extraneous inking, or coinci-
dental peripheral printing.


7.12 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination.


7.13 Reach a conclusion and report accordingly..


8. Report


8.1 Conclusion(s), opinion(s), or findings resulting from the
procedures in this guide may be reached once sufficient
examinations have been conducted. The number and nature of
the necessary examinations is dependent on the question at
hand.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should be included in the examiner’s documen-
tation and may also appear in the report.


8.3 Identification—When the examination reveals no sig-
nificant, inexplicable differences between two or more items,
and there is agreement in all individualizing characteristics, an
identification is appropriate (that is, compared impressions or
compared impression and rubber stamp contain substantial
significant similarities; there are no differences; and no limita-
tions associated with absent characters; and any possibility of
a duplicate rubber stamp can be eliminated).


8.4 Elimination—If significant, inexplicable differences be-
tween two or more items are found at any level of the analyses,
an elimination is appropriate (that is, the impressions contain
substantial significant, inexplicable differences). There may be
similarities.


8.5 Qualified Opinions—When there are limiting factors
and the examination reveals similarities or differences of
limited significance between two or more items, the use of
qualified opinions can be appropriate (that is, the impressions
or observed features contain limited similarities or differences;
or limitations associated with absent characters, individualiz-
ing characteristics, or distorted impressions are present; or
limitations associated with the possibility of the existence of a
duplicate rubber stamp; or a combination of these). This
opinion requires explanation of the limiting factors.


8.6 No Conclusion—When there are significant limiting
factors, and the examination reveals no significant differences,
a report that no conclusion can be reached is appropriate (that
is, the impressions or observed features contain insufficient
significant similarities and insufficient differences). This opin-
ion requires explanation of the limiting factors.


9. Keywords


9.1 forensic sciences; questioned documents; rubber stamp
impressions; rubber stamps
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Designation: E 2290 – 03


Standard Guide for
Examination of Handwritten Items 1


This standard is issued under the fixed designation E 2290; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons involving handwritten items and related proce-
dures.


1.2 These procedures are applicable whether the examina-
tion and comparison is of questioned and known items or of
exclusively questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material (questioned, or known, or both) available for
examination.


1.4 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations of handwritten items.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Guide for Descriptions of Scopes of Work Relating to


Forensic Sciences for Questioned Document Area2


E 1658 Terminology for Expressing Conclusions of Foren-
sic Document Examiners2


E 1732 Terminology Relating to Forensic Science2


E 2195 Standard Terminology Relating to Examination Of
Questioned Documents2


3. Terminology


3.1 For definitions of terms in this guide, refer to Termi-
nologies E 1732 and E 2195.


3.2 Definitions:


3.2.1 known, n/adj——of established origin associated with
the matter under investigation. E 1732


3.2.2 questioned, n/adj——associated with the matter under
investigation about which there is some question, including,
but not limited to, whether the questioned and known items
have a common origin. E 1732


3.3 Definitions of Terms Specific to This Standard:
3.3.1 absent character, n—a character or character combi-


nation which is present in one body of writing but is not present
(for example, does not have a corresponding character) in
another body of writing.


3.3.2 character, n—any language symbol (for example,
letter, numeral, punctuation mark, or other sign), other symbol,
or ornament.


3.3.3 characteristic, n—a feature, quality, attribute, or prop-
erty of writing.


3.3.4 comparable, n/adj——pertaining to handwritten items
that contain the same type(s) of writing and similar characters,
words, and combinations. Contemporaneousness and writing
instruments may also be factors.


3.3.5 distorted writing, n—writing that does not appear to
be, but may be natural. This appearance can be due to either
voluntary factors (for example, disguise, simulation) or invol-
untary factors (for example, physical condition of the writer,
writing conditions).


3.3.6 handwritten item, n—an item bearing something writ-
ten by hand (for example, cursive writing, hand printing,
signatures).


NOTE 1—As used in this standard “handwriting” and “handwritten” are
generic terms. Writing is generally, but not invariably, produced using the
hand, and may be the result of some other form of direct manipulation of
a writing or marking instrument by an individual.


3.3.7 individualizing characteristics, n—marks or proper-
ties that serve to uniquely characterize writing.


3.3.7.1 Discussion—Both class characteristics (marks or
properties that associate individuals as members of a group)
and individual characteristics (marks or properties that differ-
entiate the individual members in a group) are individualizing
characteristics.


3.3.8 item, n—an object or quantity of material on which a
set of observations can be made.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved April 10, 2003. Published June 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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3.3.9 natural writing, n—any specimen of writing executed
without an attempt to control or alter its usual quality of
execution.


3.3.10 range of variation, n—the accumulation of devia-
tions among repetitions of respective handwriting characteris-
tics that are demonstrated in the writing habits of an individual.
(Seevariation, 3.3.15).


3.3.11 significant difference, n—an individualizing charac-
teristic that is structurally divergent between handwritten
items, that is outside the range of variation of the writer, and
that cannot be reasonably explained.


3.3.12 significant similarity, n—an individualizing charac-
teristic in common between two or more handwritten items.


3.3.13 suffıcient quantity, n—that amount of writing re-
quired to assess the writer’s range of variation, based on the
writing examined.


3.3.14 type of writing, n—refers to hand printing, cursive
writing, numerals, symbols, or combinations thereof, and
signatures.


3.3.15 variation, n—those deviations among repetitions of
the same handwriting characteristic(s) that are normally dem-
onstrated in the habits of each writer.


3.3.15.1Discussion—Since variation is an integral part of
natural writing, no two writings of the same material by the
same writer are identical in every detail. Within a writer’s
range of variation, there are handwriting habits and patterns
that are repetitive and similar in nature. These repetitive
features give handwriting a distinctive individuality for exami-
nation purposes. Variation can be influenced by internal factors
such as illness, medication, intentional distortion, etc. and
external factors such as writing conditions and writing instru-
ment, etc.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more handwritten items
were written by the same person(s).


NOTE 2—The phrase “written by the same person(s)” refers to physical
generation of the writing, not to intellectual ownership of the content.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this Guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to submission of non-original
documents, limited quantity or comparability, or condition of
the items submitted for examination. Other limitations can
come from the quantity or comparability of the writing
submitted, and include absent characters, dissimilarities, or
limited individualizing characteristics. Such features are taken
into account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be


handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean cloth gloves).


5.4 Consideration should be given to the possibility that
various forms of simulations, imitations, and duplications of
handwriting can be generated by computer and other means.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 3—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted lighting, side
lighting, and vertical incident lighting have been found useful in a variety
of situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Other apparatus as appropriate.
6.4 Imaging or other equipment for recording observations


as required.
6.5 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.2 Examinations, relevant observations, and results shall be
documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether the examination is a comparison of
questioned writing to known writing or a comparison of
questioned writing to questioned writing.


7.5 Determine whether the questioned writing is original
writing. If it is not original writing, request the original.


NOTE 4—Examination of the original questioned writing is preferable.


7.5.1 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether the
significant details of the writing have been reproduced with
sufficient clarity for comparison purposes and proceed to the
extent possible. If the writing has not been reproduced with
sufficient clarity for comparison purposes, discontinue these
procedures and report accordingly.


7.6 Determine whether the questioned writing appears to be
distorted. If it appears to be distorted, determine whether it is
possible to establish that the apparently distorted writing is
natural writing.


7.6.1 If it is not natural writing, or if it is not possible to
establish whether the apparently distorted writing is natural
writing, determine whether the apparently distorted writing is
suitable for comparison and proceed to the extent possible. If
the available questioned writing is not suitable for comparison,
discontinue these procedures and report accordingly.
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7.7 Evaluate the questioned writing for the following:
7.7.1 Type of Writing—If there is more than one type of


writing within the questioned writing, separate the questioned
writing into groups of single types of writing.


7.7.2 Internal Consistency—If there are inconsistencies
within any one of the groups created in 7.7.1 (for example,
suggestive of multiple writers), divide the group(s) into sub-
groups, each one of which is consistent.


7.7.3 Determine range of variation of the writing for each
group or sub-group of the questioned writing created in 7.7.1
and 7.7.2.


7.7.4 Determine presence or absence of individualizing
characteristics.


7.7.5 If the examination is a comparison of exclusively
questioned writing, go to 7.9.


7.8 Determine whether the known writing is original writ-
ing. If it is not original writing, request the original.


NOTE 5—Examination of the original known writing is preferable.


7.8.1 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether the
significant details of the writing have been reproduced with
sufficient clarity for comparison purposes and proceed to the
extent possible. If the writing has not been reproduced with
sufficient clarity for comparison purposes, discontinue these
procedures and report accordingly.


7.9 Determine whether the known writing appears to be
distorted. If it appears to be distorted, determine whether it is
possible to establish that the apparently distorted writing is
natural writing.


7.9.1 If it is not natural writing, or if it is not possible to
establish whether the apparently distorted writing is natural
writing, determine whether the apparently distorted writing is
suitable for comparison and proceed to the extent possible. It
should be determined whether additional known writing would
be of assistance, and if so, it should be requested. If the
available known writing is not suitable for comparison, dis-
continue these procedures and report accordingly.


7.10 Evaluate the known writing for the following:
7.10.1 Type of Writing—If there is more than one type of


writing within the known writing, separate the known writing
into groups of single types of writing.


7.10.2 Internal Consistency—If there are unresolved incon-
sistencies within any of the groups created in 7.10.1 (for
example, suggestive of multiple writers), contact the submitter
for authentication. If any inconsistencies are not resolved to the
examiner’s satisfaction, discontinue these procedures for the
affected group(s), and report accordingly.


7.10.3 Determine range of variation of the writing for each
group of the known writing created in 7.10.1 and 7.10.2.


7.10.4 Determine presence or absence of individualizing
characteristics.


7.11 Evaluate the comparability of the bodies of writing
(questioned writing to known writing or exclusively questioned
writing).


7.11.1 If the bodies of writing are not comparable, discon-
tinue comparison and request comparable known writing, if
appropriate.


7.11.1.1 If comparable known writing is made available,
return to 7.10. If comparable known writing is not made
available, discontinue these procedures and report accordingly.


7.12 Conduct a side-by-side comparison of comparable
portions of the bodies of writing.


7.12.1 Determine whether there are differences, absent char-
acters, and similarities.


7.12.2 Evaluate their significance individually and in com-
bination.


7.12.3 Determine if there is a sufficient quantity of writing
(questioned writing, or known writing, or both).


7.12.3.1 If writing (questioned writing, or known writing, or
both) is not sufficient in quantity for an elimination or an
identification, continue the comparison to the extent possible.
When appropriate, request more known writing. If more known
writing is made available, return to 7.10.


7.12.4 Analyze, compare, and evaluate the individualizing
characteristics and other potentially significant features present
in the comparable portions of the bodies of writing.


NOTE 6—Among the features to be considered are elements of the
writing such as abbreviation; alignment; arrangement, formatting, and
positioning; capitalization; connectedness and disconnectedness; cross
strokes and dots, diacritics and punctuation; direction of strokes; disguise;
embellishments; formation; freedom of execution; handedness; legibility;
line quality; method of production; pen hold and pen position; overall
pressure and patterns of pressure emphasis; proportion; simplification;
size; skill; slant or slope; spacing; speed; initial, connecting, and terminal
strokes; system; tremor; type of writing; and range of variation.


Other features such as lifts, stops and hesitations of the writing
instrument; patching and retouching; slow, drawn quality of the line;
unnatural tremor; and guide lines of various forms should be looked for
and considered when present.


Potential limiting factors such as age; illness or injury; medication,
drugs or alcohol (intoxication or withdrawal); awkward writing position;
cold or heat; fatigue; haste or carelessness; nervousness; nature of the
document, use of the unaccustomed hand; deliberate attempt at disguise or
auto-forgery should be considered.


For further details, see the referenced texts.


7.12.5 Evaluate the similarities, differences, and limitations.
Determine their significance individually and in combination.


7.13 Form a conclusion based on results of the above
analyses, comparisons, and evaluations.


8. Reporting Conclusions
8.1 The conclusion(s) or opinion(s) resulting from the


procedures in this Guide may be reached once sufficient
examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should appear in the examiner’s documentation
and may also appear in the report.


8.3 Refer to Terminology E 1658 for reporting conclu-
sion(s) or opinion(s).


9. Keywords
9.1 forensic sciences; handwriting; questioned documents
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Designation: E 2291 – 03


Standard Guide for
Indentation Examinations 1


This standard is issued under the fixed designation E 2291; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons involving visualization and recording of indenta-
tions.


1.2 These procedures include evaluation of the sufficiency
of the material available for examination.


1.3 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.4 This guide may not cover all aspects of unusual or
uncommon examinations.


1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Guide for Descriptions of Scopes of Work Relating to


Forensic Sciences for Questioned Document Area2


E 1732 Terminology Relating to Forensic Science2


E 2195 Terminology Relating to the Examination of Ques-
tioned Documents2


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminologies E 1732 and E 2195.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 direct contact, n—two sheets of paper, one on top of


the other, with no intervening sheets.
3.2.2 electrostatic detection device (EDD), n—an instru-


ment used to visualize paper fiber disturbances (for example,
indentations, erasures, typewritten material/lift off).


3.2.3 film, n—thin transparent plastic material that covers
the item during an examination using an EDD.


3.2.4 indentations, n—latent or visible impressions in paper
or other media.


3.2.5 indirect contact, n—two sheets of paper, one on top of
the other, with one or more intervening sheets.


3.2.6 lift , n—the product of an EDD examination; a self-
adhesive plastic sheet adhering to a film that preserves the
results of an EDD examination.


3.2.7 primary indentations, n—impressions caused by the
act of writing or other dynamic actions.


3.2.8 secondary impression(s), n—fiber disturbances caused
by contact with the embossed side of indentations and not
caused by the act of writing.


3.2.9 side lighting, n—illumination from a light source that
is at a low angle of incidence, or even parallel, to the surface
of the item. Syn.oblique lighting.


4. Significance and Use


4.1 When sheets of paper are in direct or indirect contact
with one another, impressions on the top sheet can produce
indentations on the sheet(s) below.


4.2 This guide establishes procedures for visualizing those
indentations.


4.2.1 These procedures are essentially non-destructive;
however, pencil writing and single-strike ribbon typing can be
partially lifted from the document by EDD. Although this
effect can be minimal, adequate documentation of such items
should precede EDD.


4.3 Paper fiber disturbances caused by erasures or present in
torn paper edges may be visualized using this guide.


4.4 Electrostatic detection device (EDD) examinations may
be useful in developing other types of impressions on paper
items (for example, typewritten material, shoeprints and latent
prints).


4.5 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning indentations.


5. Interferences


5.1 Certain items submitted for examination may have
inherent limitations that can interfere with the procedures in
this guide. Limitations should be noted and recorded.


5.2 The size, shape, density or condition of an item may
make it unsuitable for the EDD portion of the procedure (for
example, some book covers, large file folders and items that
have been wet or damaged after indentations were made).


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved April 10, 2003. Published June 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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5.3 A complete examination involves the use of both the
optical and EDD portions of the procedure. All indentations
may not be revealed if the optical and EDD portions of the
procedure are not conducted.


5.4 The results of prior storage, handling, testing, or pro-
cessing may interfere with these procedures. Chemical pro-
cessing for latent prints generally interferes with indentation
examination results. Indentation examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean cloth gloves).


5.5 Items should be handled as little as possible prior to
EDD examination to prevent contamination (for example, the
introduction of latent prints and additional indentations). Im-
proper handling (for example, rubbing the item surface with
cloth gloves) may also impede EDD examination results.


5.6 EDD examination may yield secondary impressions as
well as primary impressions. Caution should be taken when
attempting to determine whether impressions are primary or
secondary.


5.7 In some locations (that is, areas with low humidity),
conducting an EDD examination without prior humidification
of the document may impede examination results.


5.8 Periodically check the condition of the glass beads
utilized in EDD examinations. They can deteriorate with use,
affecting the quality of the developed EDD image.


5.9 Repeated processing with EDD can result in degraded
images.


6. Equipment and Requirements


6.1 Light source(s) of sufficient intensity and appropriate
form to be used for side lighting.


6.2 Electrostatic detection device (EDD).
6.3 Imaging or other equipment for recording observations


as required.
6.4 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures should be per-
formed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 View the item being examined using side lighting that is
directed at the item from various angles and directions. In some
instances, the use of side lighting in a room with subdued light
may provide better visualization of indentations.


7.3.1 Document any indentations observed.


7.3.2 If indentations are not observed, document the lack of
visible indentations.


7.4 Determine whether the item is suitable for EDD exami-
nation.


7.4.1 If the item is not suitable, discontinue examination and
report accordingly.


7.5 Each suitable item should be examined using an EDD.
7.5.1 The EDD shall be operated utilizing the instructions


provided in the operating manual, laboratory procedures, and
current technical research.


7.5.2 A control indentation shall be successfully developed
and recorded on the day of examination. This control can be
conducted prior to, or concurrently with, the EDD examination
of the item(s).


7.5.2.1 If the control indentation is not successfully visual-
ized, the problem shall be corrected before any further inden-
tation examinations are conducted with that instrument.


7.6 Results of the EDD examination may be preserved by
making a lift.


7.7 If no indentations are developed, the results will be
documented or preserved, or both, according to laboratory
policy.


NOTE 1—In situations where the developed results are faint or there is
background interference, or both, results may be difficult to see. In such
instances, the results should be lifted and evaluated using an appropriate
background.


7.8 Lifts shall be maintained according to laboratory policy.
7.9 Evaluate and document results of the EDD examination.
7.10 If indentations or other images are visualized, conduct


other examinations as appropriate.


8. Report


8.1 Conclusion(s), or opinion(s), or other finding(s) result-
ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should appear in the examiner’s documentation
and may also appear in the report.


8.3 Once examinations and evaluations have been com-
pleted, reports may include the following types of conclu-
sion(s), opinion(s), or finding(s):


8.3.1 Whether indentations were observed.
8.3.2 Whether decipherable indentations were observed.
8.3.3 The text of deciphered indentations.
8.3.4 Information as to the source of indentations.


9. Keywords


9.1 electrostatic detection device (EDD); embossing; foren-
sic science; indentations; questioned documents


ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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Designation: E 2325 – 05


Standard Guide for
Non-destructive Examination of Paper1


This standard is issued under the fixed designation E 2325; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (see Guide E 444) for non-
destructive examinations of paper.


1.2 These procedures are applicable whether the examina-
tion is of questioned and known items or of exclusively
questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.5 This guide may not cover all aspects of particularly
unusual or uncommon examinations of paper samples.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Guide for Descriptions of Scopes of Work Relating to
Forensic Sciences for Questioned Document Area


E 1422 Guide for Test Methods for Forensic Writing Ink
Comparison


E 1732 Terminology Relating to Forensic Science
E XXXX Terminology Relating to Forensic Document Ex-


amination


3. Terminology


3.1 Definitions:


3.1.1 For definitions of terms in this guide, refer to Termi-
nologies E 1732 and E XXXX.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 fluorescence, n—a process by which radiant energy is


absorbed and reradiated at other, usually longer, wavelengths.
3.2.2 infrared (IR), n—referring to radiant flux having


wavelengths longer than the wavelengths of light, usually
wavelengths from about 780 nm to about 1 mm. E 284


3.2.3 infrared luminescence (IRL), n—the emission of radi-
ant energy during a transition from an excited electronic state
of an atom, molecule, or ion to a lower electronic state
(fluorescence or phosphorescence, or both), where the spec-
trum of the excitation source is in the ultraviolet (UV) or
visible region of the electromagnetic spectrum, or both, and the
spectrum of the emitted energy is in the far red or infrared (IR)
region of the electromagnetic spectrum. E 1422


3.2.4 luminescence, n—the emission of radiant energy dur-
ing a transition from an excited electronic state of an atom,
molecule, or ion to a lower electronic state. E 1422


3.2.5 opacity, n—the property of paper that prevents the
transmission of light.


3.2.6 ultraviolet (UV), n—referring to radiant flux having
wavelengths shorter than the wavelengths of light, usually
wavelengths from about 10 nm to 380 nm. E 1422


3.2.6.1 Discussion—Long-wave UV usually refers to the
spectral range of UV-A, with wavelengths from about 315 nm
to 380 nm. Short-wave UV usually refers to the spectral range
of UV-C, with wavelengths from 100 nm to 280 nm.


3.2.7 watermark, n—a localized modification of the forma-
tion and/or opacity of a sheet of paper so that a pattern, design,
or word group can be seen in the dry sheet when viewed using
side lighting or transmitted light.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably evalu-
ate the physical similarities or differences between papers that
can lead to a determination as to whether papers originated
from the same source.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved June 1, 2005. Published July 2005.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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5. Interferences


5.1 Certain items submitted for examination may have
inherent limitations that can interfere with the procedures in
this guide. Limitations should be noted and recorded.


5.2 The condition of a paper sample may make it unsuitable
for some types of examinations (for example, item(s) that are
water soaked, stained, soiled, charred, or finely shredded).


5.3 Storage conditions such as exposure to light, heat, or
moisture can affect the appearance of paper during certain
tests.


5.4 Chemical processing for latent prints generally inter-
feres with non-destructive paper examination. Paper examina-
tions should be conducted prior to any chemical processing.


5.5 Items should be handled as little as possible prior to and
during paper examinations to prevent contamination such as
the introduction of latent prints. The use of clean cloth gloves
is recommended.


5.6 In the paper manufacturing process reams of paper and
other paper products can be comprised of sheets from one or
more rolls of paper. Differences in paper characteristics may be
present in individual sheets from the same ream or product and,
therefore, must be considered when assessing color, thickness,
UV fluorescence, IRL, opacity, surface texture and printed
material (see 7.6, 7.7, 7.8, 7.10, 7.11, and 7.17).


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, transmitted
illumination and fiber optic lighting systems are generally utilized. Side
lighting and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Measuring Devices:
6.3.1 Micrometer capable of measuring in increments of


0.02 mm or 0.001 inch. Ruler measuring at least 300 mm long,
marked in increments of 0.5 mm or less, or measuring at least
12 in. long, marked in increments of 1⁄64 in. or less.


6.3.2 Scale capable of measuring 0.001 g.
6.4 IR image conversion device or system with appropriate


light sources and filters for use in IR and IRL examinations.
6.5 Electrostatic detection device to examine for indented


impressions.
6.6 Long and short wave UV sources.
6.7 Materials sufficient to evaluate the relative opacity of


paper.
6.8 Other apparatus as appropriate.
6.9 Imaging or other equipment for recording observations


as required.
6.10 Sufficient time and facilities to complete all applicable


procedures.


7. Procedures


NOTE 2—All procedures shall be performed when applicable and noted
when appropriate. These procedures need not be performed in the order
given.


7.1 Examinations performed, relevant observations, and
results shall be documented.


7.2 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.3 Determine whether the examination is a comparison of
questioned paper sample(s) or a comparison of a questioned
paper sample(s) with a known paper sample(s).


NOTE 3—For the purpose of this guide, two samples will be compared.
These samples may refer to known and questioned specimens, or
exclusively questioned specimens.


7.4 Determine whether the submitted paper samples are
suitable for comparison. If not suitable for comparison, dis-
continue the procedure and report accordingly.


7.5 Examine the paper samples with transmitted light.
7.5.1 Record any watermarks present.
7.5.1.1 When identifying a manufacturer or dating a paper


sample by the use of a watermark, refer to laboratory and
published industry resources. If necessary, contact the appro-
priate paper manufacturer for further information.


7.6 Examine the color of the paper samples. Refer to
Interferences section 5.6.


7.6.1 Determine the significance of any differences ob-
served.


7.7 Measure the thickness of the paper samples with a
micrometer. An averaging of measurements made at the center
and opposite edges of each paper sample, is recommended.
Refer to Interferences section 5.6.


7.8 Examine the paper samples for UV fluorescence and
IRL. Refer to Interferences section 5.6.


7.9 Examine the samples for chemical or other contamina-
tion, alterations, and carbonless paper transfers.


7.10 Examine the relative opacity of the paper samples.
Refer to Interferences section 5.6.


7.11 Examine the surface texture of the paper samples (for
example, smoothness, patterns). Refer to Interferences section
5.6.


7.12 Measure the paper samples with a ruler, recording
length and width measurements.


7.13 Measure the weight of the paper sample. The relative
basis weight can be compared by dividing the weight of the
paper by its area.


7.14 Examine corners of the paper samples and evaluate
angles (for example, squared, curved, rough finish).


7.15 Examine edges of the paper samples with magnifica-
tion, or UV sources, or both for remnants of binding, adhe-
sives, or padding material.


7.16 Examine edges of the paper samples for manufacturing
markings (for example, cut marks, striations or coloration).
Evaluate for proper orientation of each page with all other
pages.
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7.17 Examine paper samples with lines or other printed
material with appropriate instruments capable of magnifica-
tion, IR, IRL, and UV examinations. Measure line length,
spacing, and other printed material. Examine for broken or
deformed patterns. Refer to Interferences section 5.6.


7.18 Examine the paper samples for the presence of security
features (for example, planchettes or security fibers).


7.19 Examine the samples for carbonless paper chemicals
and form printing image quality that can indicate a carbonless
system.


7.20 Locate and record any trace materials (for example,
opaqueing solution, correction strips, tape, or other materials)
on the paper samples.


7.21 Examine the paper samples for surface damage due to
abrasions, handling, storage, or other physical changes. If
folds, creases, crimp markings, fiber disturbances, or other
relevant characteristics, are located on any sample, determine
the significance as they relate to other samples.


7.22 Examine the paper samples for size and spacing of
staples and staple holes. If the pages of the documents are
stapled together, determine any pattern similarities or differ-
ences between the number and pattern of staple holes present.


7.22.1 Prior to the removal of any staples, record the
position of the staple holes relative to the existing staple(s).


7.22.2 Coordination with the submitter of the evidence may
be advisable before removing any staples.


7.23 Examine the paper samples for perforations, hole
punches, or other torn portions.


7.24 Examine the surfaces of the paper for indentations such
as handwriting, clipboard marks, paper clip impressions, and
other extraneous markings.


7.25 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination and
reach a conclusion.


8. Report
8.1 Conclusion(s), or opinion(s), or other finding(s) result-


ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s) or opin-
ion(s) should be included in the examiner’s documentation and
may also be included in the report.


8.3 Once examinations and evaluations have been com-
pleted, reports may include, but are not limited to, the
following types of conclusion(s), opinion(s), or finding(s):


8.3.1 Evidence such as indentations, contaminants, physical
similarities, etc., associates the paper samples as being at-
tached, handled by, or originating from the same source.


8.3.2 The paper samples originate from or share the same
manufacturer source (mill, post-mill processing, binding, print-
ing, trimming, packaging and distribution processes) or post-
manufacturer source (consumer or user level).


8.3.3 The paper samples can neither be associated nor
disassociated as originating from or sharing the same source.


8.3.4 The paper samples did not originate from or share the
same source.


8.3.5 Evidence such as indentations, contaminants, physical
similarities, etc., associates the paper samples as being at-
tached, handled by, or originating from the same source.


9. Keywords
9.1 forensic document examination; forensic sciences; non-


destructive paper examination; paper; questioned documents;
watermark
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Designation: E 2331 – 04


Standard Guide for
Examination of Altered Documents 1


This standard is issued under the fixed designation E 2331; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This Guide provides procedures for examinations that
should be used by forensic document examiners (E 444) for
examinations involving altered documents.


1.2 These procedures are applicable whether the examina-
tion(s) are of questioned and known items, exclusively ques-
tioned items, or a single item.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.5 This Guide may not cover all aspects of unusual or
uncommon examinations.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:2


E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners


E 1422 Guide for Test Methods for Forensic Writing Ink
Comparison


E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to Forensic Document Ex-


amination
E 2291 Guide for Indentation Examinations


3. Terminology


3.1 Definitions:
3.1.1 For definitions of terms in this guide, refer to Termi-


nologies E 1732 and E 2195.


3.2 Definitions:
3.2.1 alteration, n—a modification made to a document by


physical, chemical or mechanical means including, but not
limited to, obliterations, additions, overwritings, or erasures.


3.2.2 digital image, n—an image that is stored in numerical
form.3


3.2.3 digital image processing, n—any activity that trans-
forms a digital image.


3.2.4 electrostatic detection device (EDD), n—an instru-
ment that uses electrostatic charge as the mechanism to
visualize paper fiber disturbances (for example, indentations,
erasures, typewritten material/lift off).


3.2.5 erasure, n—the area where material has been removed
from a document by chemical, abrasive, or other means.


3.2.6 fluorescence, n—a process by which radiant flux of
certain wavelengths is absorbed and reradiated non-thermally
at other, usually longer, wavelengths. E 1422


3.2.7 infrared (IR), n—referring to radiant flux having
wavelengths longer than the wavelengths of light, usually
wavelengths from about 760 nm to about 3 mm. E 1422


3.2.8 infrared luminescence (IRL), n—the emission of radi-
ant energy during a transition from an excited electronic state
of an atom, molecule, or ion to a lower electronic state
(fluorescence or phosphorescence, or both), where the spec-
trum of the excitation source is in the ultraviolet (UV) or
visible region of the electromagnetic spectrum, or both, and the
spectrum of the emitted energy is in the far red or infrared (IR)
region of the electromagnetic spectrum. E 1422


3.2.9 side lighting, n—illumination from a light source that
is at a low angle of incidence, or even parallel, to the surface
of the item. Syn.,oblique lighting.


3.2.10 transmitted light, n—illumination that passes
through a document.


3.2.11 ultraviolet (UV), n—referring to radiant flux having
wavelengths shorter than the wavelengths of light, usually
wavelengths from about 10 to 380 nm. E 1422


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved March 1, 2004. Published April 2004.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.


3 Scientific Working Group on Imaging Technologies (SWGIT) Definitions and
Guidelines for the Use of Imaging Technologies in the Criminal Justice System,
Forensic Science Communications, July 2001, Vol 3, Num. 3.
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3.2.11.1Discussion—Long-wave UV usually refers to the
spectral range of UV-A, with wavelengths from about 315 to
380 nm. Short-wave UV usually refers to the spectral range of
UV-C, with wavelengths from 100 to 280 nm.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether a document has been altered.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this Guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to submission of non-original
documents, limited comparability, or condition of the items
submitted for examination (for example, items that are stained,
soiled, water-damaged, charred, or shredded). Such features
are taken into account in this Guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to examine certain character-
istics. Whenever possible, document examinations should be
conducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity and
appropriate type to allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted illumination,
side lighting, and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 The following additional equipment may be used as
required:


6.3.1 IR image conversion device or system with appropri-
ate light sources and filters for use in IR and IR luminescence
examinations.


6.3.2 UV lamps or view box, with both long and short
wavelength lamps.


6.3.3 Imaging or other equipment for recording observa-
tions.


6.3.4 Measuring devices (for example, typewriter grids,
magnifiers with reticule patterns, or appropriate software).


6.3.5 Electrostatic detection device.
6.3.6 Other equipment as appropriate.
6.4 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.1 Examinations performed, relevant observations, and
results shall be documented.


7.2 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue the procedure(s). It is at the discretion of
the examiner to discontinue the procedure at that point and
report accordingly or to continue with the applicable proce-
dures to the extent possible. The reasons for such a decision
shall be documented.


7.3 Examine the document for the presence of characteris-
tics indicative of alterations. These can include, but are not
limited to, the following:


NOTE 2—Care must be taken in the evaluation of the following
characteristics that may occur in the normal preparation, handling, and
storage of the document.


7.3.1 Overwriting,
7.3.2 Characteristics of multiple writing instruments,
7.3.3 Crowded or awkward placement of writing and/or


printed text,
7.3.4 Paper fiber disturbance,
7.3.5 Use of different fonts, sizes, and/or styles,
7.3.6 Area(s) of discoloration,
7.3.7 Presence of an obscuring substance,
7.3.8 Smearing,
7.3.9 Uneven margins,
7.3.10 Different printing processes,
7.3.11 Irregular spacing and alignment, both vertical and


horizontal,
7.3.12 Differences in fastening and binding mark,
7.3.13 Inconsistent handwriting features,
7.3.14 Unusual sequence of line intersections contrary to


what may be claimed, and
7.3.15 Variations in paper characteristics.


NON-DESTRUCTIVE EXAMINATIONS


7.4 Non-destructive procedures shall be performed when
applicable and need not be performed in the order given.


7.5 Examine the document macroscopically, or microscopi-
cally, or both.


7.6 Examine the document using various lighting tech-
niques, such as side lighting (see Guide E 2291), and transmit-
ted lighting.


7.7 Examine the doucment using visulaizing techniques
such as UV, RIR, and IRL (see Guide E 1422).


7.8 Make appropriate measurements.
7.9 Process the document using an EDD.
7.10 Examine the document with appropriate imaging tech-


niques, such as photography or digital image processing.
7.11 Analyze, compare, and evaluate the findings.
7.12 Determine the need for destructive examinations. If


unnecessary, discontinue examinations, reach a conclusion(s),
and report accordingly.


DESTRUCTIVE EXAMINATIONS


7.13 Destructive examination techniques damage or other-
wise change the document. They should be performed only
after non-destructive methods have been exhausted.
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7.13.1 The use of destructive examination methods may
interfere with the potential for other types of forensic exami-
nations (for example, chemical ink or latent print examina-
tions).


7.13.2 Consultation with the submitter is advisable prior to
destructive testing.


7.13.3 Prior to using these techniques, the item(s) should be
appropriately documented.


7.13.4 These destructive techniques need not be performed
in the order given.


7.14 Where an obscuring substance is present, use a solvent
(for example, petroleum ether, liquid fluorocarbons) to make
the paper translucent for visualization of any obscured entry(s).


NOTE 3—Prolonged exposure to solvents may affect the obscuring
substance.


7.15 To remove an obscuring substance from the docu-
ment(s), use of a solvent such as methanol or ethanol may be
appropriate.


NOTE 4—Some solvents may dissolve ink or toner.


7.16 Physically remove (for example, abrade, scrape, or
peel) the obscuring substance from the document.


7.17 For chemical ink examinations refer to Guide E 1422.


NOTE 5—Chemical ink examinations may be conducted by other
forensic specialists.


7.18 Analyze, compare, and evaluate the findings.
7.19 Reach a conclusion(s), and report accordingly.


8. Report


8.1 Conclusion(s), or opinion(s), or other finding(s) result-
ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should be included in the examiner’s documen-
tation and may also appear in the report.


8.3 Once examinations and evaluations have been com-
pleted, reports may include one or more of the following types
of conclusion(s), opinion(s), and other finding(s):


8.3.1 Whether alterations were observed.
8.3.2 Whether any of the altered entries were decipherable.
8.3.3 The text or description of altered entries.
8.3.3.1 Method or sequence of alterations.
8.3.4 Images of alterations and original entries.
8.3.5 Other information about the alterations.


9. Keywords


9.1 alterations; erasures; forensic sciences; insertions; oblit-
erations; overwriting; questioned documents
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Designation: E 2389 – 05


Standard Guide for
Examination of Documents Produced with Liquid Ink Jet
Technology1


This standard is issued under the fixed designation E 2389; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (Guide E 444) for examinations
of documents produced with liquid inkjet technology and
related procedures.


1.2 These procedures are applicable whether the examina-
tion is of a questioned and known item(s) or of exclusively
questioned item(s).


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature and sufficiency of the material avail-
able for examination.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations.


1.6 These methods are applicable to examinations involving
copiers, printers, facsimile devices, and multifunction devices
using ink jet technology.


1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


D 1968 Terminology Relating to Paper and Paper Products
E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners
E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to the Examination of Ques-
tioned Documents
E 2331 Guide for Examination of Altered Documents
F 221 Terminology Relating to Carbon Paper and Inked
Ribbon Products and Images Made Therefrom


F 909 Terminology Relating to Printers
F 1156 Terminology Relating to Product Counterfeit Pro-
tection Systems (Discontinued 2001)3


F 1457 Terminology Relating to Laser Printers
F 1857 Terminology Relating to Ink Jet Printers and Images
Made Therefrom


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminologies E 1732 and E 2195.


3.1.1 coalescence, n—puddling or pooling of adjacent ink
drops on the substrate before they can be dried or absorbed
resulting in nonuniformity of color density. F 1857


3.1.2 cockle, n—of paper, a defective, puckered condition
of a paper sheet as a result of non-uniform hygro-expansion
which can be related to any non-uniformity in the sheet,
including mass distribution and drying stresses. D 1968


3.1.3 continuous spray, n—ink jet technology where drops
are generated at a regular unbroken rate. Images are then
generated by deflections of the ink droplets after they are
charged so they are either intercepted by a catcher and not
permitted to impact the substrate or deflected to intercept the
substrate at specific locations.


3.1.4 cracking, n—condition in which ink that has been
absorbed into a substrate causes the coating to shrink to a state
much smaller than the original coating dimension causing
fractures in the image area. F 1857


3.1.5 crystallization, n—condition in which ink evaporates
and forms crystals. F 1857


3.1.6 drop on demand (DOD), n—ink jet technology where
drops are generated as needed to create an image.


3.1.7 full-color copiers, n—of ink jet technology, copiers
that can reproduce color originals containing gradations of
color. They have a minimum of three colored inks (cyan,
magenta and yellow).


3.1.8 image area, n—area on a page occupied by all the
printed information. F 1457


3.1.9 image density, n—contrast between image and back-
ground as measured by densitometer. F 221


3.1.10 image, n—optical counterpart of an object produced
by means of an image producing device. F 221


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Dec. 1, 2005. Published January 2006.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website. 3 Withdrawn.
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3.1.11 ink jet printer, n—nonimpact printer in which the
characters are formed by projecting droplets of ink onto a
substrate. F 909


3.1.12 landscape mode, adj—printer output orientation in
which printed lines run parallel to the direction of movement of
the paper. F 1457


3.1.13 maximum print position, n—rightmost point at which
the printer can mark the paper. F 1457


3.1.14 nonimpact printer, n—printer in which image forma-
tion is not the result of mechanical impacts. Examples are
thermal printers, electrostatic printers, electrophotographic
printers, and inkjet printers. F 909


3.1.15 offset, n—unintentional transfer of ink (as from a
freshly printed substrate). F 1857


3.1.16 piezoelectric, n—ink jet technology where the elec-
trically stimulated deformation of a crystal causes the expul-
sion of the droplets from the ink chamber.


3.1.17 pixelation, n—stairstepped or jagged effect resulting
from analog to digital conversion.


3.1.18 platen, n—flat plate or roller used as a support for
printing or copying a document. F 1156


3.1.19 portrait mode, adj—printer output orientation in
which print lines run perpendicular to the direction of move-
ment of the paper. F 1457


3.1.20 printhead, n—printing device of an ink jet printing
system.


3.1.21 printer output area, n—maximum area on the page to
which the printer will print. F 1457


3.1.22 raster output scanner, n—output peripheral, either
stand alone or within a printer, that converts computer data into
a bit mapped image, which is sent to the host for storage or a
printer for output. F 1457


3.1.23 slit glass, n—alternate scanning surface found in
some digital photocopiers used in conjunction with an auto-
matic document feeder.


3.1.24 smudge, n—tendency of an image to smear or streak
onto an adjacent area when rubbed; involves the redeposition
of abraded material. F 221


3.1.25 thermal impulse, n—ink jet technology where the
rapid expansion of a bubble in the ink created by localized
electrical heating expels the droplets from the ink chamber.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 banding, n—uniform density variations or voids in a


given color which appear in the direction that the printhead
travels. F 1857


3.2.2 bleed, n—ink feathering of one color into an adjacent
color over time. F 1857


3.2.3 circularity, n—ratio of a single ink dot height divided
by its width with 1.0 being a perfect circle. F 1857


3.2.4 feathering, n—ink spread over substrate causing fuzzy
edges, spidery lines and poor print quality. F 1857


3.2.5 liquid ink jet device, n—device in which the ink
supply is in fluid (for example, solvent or aqueous) form.


3.2.6 mottling, n—nonuniformity of image density which
follows patterns in the substrate or by non-uniform ink-
substrate interaction. F 1857


3.2.7 satellite, n—extraneous or undesirable ink droplets.
(See also spatter, spray) F 1857


3.2.8 spatter, n—type of extraneous or undesirable ink
droplet originating when a portion of an ink droplet strikes the
intended area and is deflected to an unintended area. F 1857


3.2.9 spray, n—type of extraneous or undesirable ink dot
near the printed zones which originate from the printhead.


F 1857


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more documents pro-
duced with ink jet technology are from the same device,
whether a particular device created the document, or the
determination of the make or model of a device.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to the generation of the docu-
ment(s), limited quantity or comparability, or condition of the
items submitted for examination. Such features are taken into
account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
The effects can include, but are not limited to, partial destruc-
tion of the substrate, stains, and deterioration of the ink.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations.


5.4 Consideration should be given to the possibility that
various forms of manipulation and duplication of ink jet-
produced items can be generated by computer, scanner, digital
camera, graphic pad or other means.


5.5 Some ink supply units are interchangeable between
different brands or models of machines. Some ink units are
refillable and ink from suppliers other than the original
manufacturer may be used.


5.6 Some multi-function devices utilizing toner technology
can operate in either printing or copying mode, at different
resolutions and can produce both multi-color (for example,
CYMK) black or monochrome (for example, one color black).
These various outputs from one machine have many significant
differences among them.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally used. Transmitted illumination, side
lighting, and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.
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6.3 Rulers in metric, U.S. customary units, printers’ mea-
sure, and desktop publishing units.


6.4 Other apparatus as appropriate (for example, measuring
grids and magnetic detectors).


6.5 Imaging or other equipment for recording observations
as required.


6.6 Reference materials can aid in the determination of a
manufacturer.


6.7 Sufficient time and facilities to complete all applicable
procedures.


7. Procedures


7.1 All procedures shall be performed (consistent with
Toner Guide) and noted when appropriate. These procedures
need not be performed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether the submitted questioned docu-
ment(s) was produced with liquid ink jet technology. If not,
discontinue examination and report accordingly.


7.5 Determine whether the examination is comparison of a
questioned document(s) to a known document(s), a comparison
of exclusively questioned documents, or is another type of
examination of a questioned item(s) (e.g., to determine date
limitations or class of machine).


7.6 Determine whether the questioned document(s) is suit-
able for examination, or comparison, or both. If it is not
suitable, discontinue the procedure and report accordingly.
Factors that affect the suitability include clarity, detail, or
condition of the document.


7.7 If no known document(s) or device(s) was submitted, go
to 7.9.


7.8 If a known document(s) is submitted, determine whether
the known document(s) is suitable for examination, or com-
parison, or both. If it is not suitable, discontinue the procedure
and report accordingly. Factors that affect the suitability
include clarity, detail, or condition of the document.


7.9 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether signifi-
cant details have been reproduced with sufficient clarity for
comparison purposes and proceed to the extent possible. If the
reproduction is not of sufficient clarity for comparison pur-
poses, discontinue these procedures and report accordingly.


7.10 If a device is examined, its condition should be noted.
Service records should be requested and pertinent information
noted and recorded.


7.10.1 Discussion—Consultation with a qualified technician
may be advantageous or necessary.


7.11 Note the capabilities, features, and settings of any
variable features on each device examined. If the device has
internal memory, retain or recover any stored information.


7.12 Note visible external components of the device such as
the platen, slit glass, collators, and cover/automatic document
feeder that may contain physical evidence, obstructions, debris,
correction fluid, marks, or scratches.


NOTE 2—Before taking exemplars, consideration must be given to the
possible destruction or loss of physical evidence within the device (for
example, fragments torn from the questioned document).


7.13 Prepare appropriate exemplars, taking into consider-
ation the features of the device and possible chemical ink
examinations.


7.14 Note damage to easily accessible internal components
of the device such as the print head or paper transport
mechanism.


7.15 If applicable, take additional exemplars.
7.16 If none of the exemplars are suitable for comparison


and no others are obtained, discontinue these procedures and
report accordingly.


7.17 Examine the questioned item(s), or the questioned and
known items.


7.17.1 Discussion—The type of substrate used in an ink jet
printer may affect the appearance of the ink such as banding,
circularity, feathering, bleed, mottling, offset, spatter or satel-
lite droplets.


7.18 Examination(s) for indentations (Guide E 2291) may
be performed for the purpose of visualizing indented writing or
physical characteristics such as marks from the paper transport
mechanism.


7.19 Various illumination techniques (color filtering, infra-
red, or ultraviolet) may be used to provide additional informa-
tion such as security features or stains.


7.20 Examination(s) for alterations (Guide E 2331) may be
performed.


7.21 Identification of the typestyle(s) may provide useful
information (for example, dating information).


7.22 Compare class characteristics (for example, paper
supply system, ink type, marks caused by mechanics, color
capability). If significant unexplainable differences exist, dis-
continue and report accordingly.


NOTE 3—Some ink supply units are interchangeable among different
brands or models of machines and most units are refillable.


7.23 If possible, classify the device used to produce a
questioned document(s). When identifying a manufacturer of a
questioned item(s), refer to laboratory and published industry
resources. If necessary, contact the device manufacturer or
distributor for further information.


7.24 Compare individualizing characteristics such as wear
and damage defects, misalignments, reproducible marks, band-
ing, voids, and improper or extraneous ink transfer. Perform
and note critical measurements, where needed.


NOTE 4—Successive copying on the same machine will make marks
slightly out of register. Doubling or tripling of a pattern of dots or marks
indicates, respectively, two or three generations of copies on the same
machine. Copying on more than one device may bear the distinctive marks
of all machines.


7.25 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination.


NOTE 5—Care must be taken in the evaluation of characteristics as
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some may be caused by factors external to the print device (for example,
artifacts from or manipulation of the source computer file) or character-
istics common to a particular model of machine.


7.26 Reach a conclusion according to the criteria set forth in
Section 8.


8. Report


8.1 Conclusion(s), opinion(s), or findings resulting from the
procedures in this guide may be reached once sufficient
examinations have been conducted. The number and nature of
the necessary examinations is dependent on the question at
hand.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or findings should be included in the examiner’s documenta-
tion and may also be included in the report.


8.3 Identification—When the examination reveals no sig-
nificant differences between two or more items and there is


agreement in significant individualizing characteristics, an
identification is appropriate. There may be limitations.


8.4 Elimination—If significant differences between two or
more items are found at any level of the analyses, an elimina-
tion may be appropriate. There may be limitations. There may
be similarities.


8.5 Qualified Opinions—When there are limiting factors
and the examination reveals similarities or differences of
limited significance between two or more items, the use of
qualified opinions can be appropriate. This opinion requires
explanation of the limiting factors.


8.6 No Conclusion—When there are significant limiting
factors, a report that no conclusion can be reached is appro-
priate. This opinion requires explanation of the limiting factors.


9. Keywords


9.1 facsimile devices; forensic sciences; ink jet; photocopi-
ers; questioned documents
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Designation: E 2390 – 06


Standard Guide for
Examination of Documents Produced with Toner
Technology1


This standard is issued under the fixed designation E 2390; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (Guide E 444) for examinations
of documents produced with toner technology, and related
procedures.


1.2 These procedures are applicable whether the examina-
tion is of questioned and known item(s) or of exclusively
questioned item(s).


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods used in a given case will depend
upon the nature and sufficiency of the material available for
examination.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations.


1.6 These methods are applicable to examinations involving
photocopiers, printers, facsimile devices, and multifunction
devices using toner technology.


1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners


E 1658 Terminology for Expressing Conclusions of Foren-
sic Document Examiners


E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to the Examination of Ques-


tioned Documents
E 2291 Guide for Indentation Examinations
F 221 Terminology Relating to Carbon Paper and Inked


Ribbon Products and Images Made Therefrom
F 909 Terminology Relating to Printers
F 1125 Terminology of Image Quality in Impact Printing


Systems
F 1156 Terminology Relating to Product Counterfeit Pro-


tection Systems3


F 1424 Test Method for Estimating Toner Usage in Full-
Color Copiers Utilizing Dry Mono-or-Dual-Component
Toners


F 1434 Practice for Estimating the Performance of a Fuser
Oil in an Electrostatic Copier or Printer


F 909 Terminology Relating to Printers
F 1457 Terminology Relating to Laser Printers


3. Terminology


3.1 For definitions of terms in this guide, refer to Termi-
nologies E 1658, E 1732, and E 2195.


3.2 Definitions:
3.2.1 aliasing, n—see pixilation.
3.2.2 black write, n—process in electrostatic printing in


which the photoconductive element is charged with a charge of
the same sign as that of the toner. A light beam, used like a
“stylus” is used to discharge only those areas that are to receive
toner to form the image. In the development process, the
charged background areas repel the like charged toner to the
discharged areas on the photoconductor. F 909


3.2.3 bridging, v—clumping of toner that causes a hollow
area in the toner supply that prevents the free flow of toner to
the dispenser auger. F 1457


3.2.4 corona, n—device used to place a uniform electrical
charge on the surface of a xerographic photoreceptor. F 1457


3.2.5 dielectric printing process, n—nonimpact printing
technique in which specially treated paper consisting of a
conductive base layer coated with a nonconductive thermoplas-
tic material is used to hold an electric charge usually applied
directly by a set of electrode styli. The electric charge corre-
sponds to the latent image of the original. Following the
charging step, the paper is imaged by a toner system similar to
that of electrostatic copying devices. This technique is some-
times called electrographic, and is currently used on general


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.
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purpose non impact printers, plotting and facsimile devices.
F 909


3.2.5.1 Discussion—Bridging is a different phenomenon
from the image quality bridging as defined in Terminology
F 1125.


3.2.6 dry toner, n—material in a dry developer system
which when deposited on a substrate by the field of an
electrostatic charge pattern, becomes the visible record.


F 1457
3.2.7 dual-component development, n—mixture of dry toner


and iron oxide developer that is used for developing electro-
static images in copiers. F 1424


3.2.8 electrophotographic printer, n—nonimpact printing
technique that is similar to the technology used in a typical
office copier, which forms a copy by attracting toner particles
to a static charge on the surface of a photoconductor, then
transferring the toner image to the surface of a sheet of paper.
In the normal office copier, the charged image (latent image) of
the original document is formed on the photoconductor simply
through exposure of the photoconductor to reflected light from
the document. In an electrophotographic printer, the image is
formed by a light source (laser, LED, LCS, laser diode, or other
controlled light source) that erases or discharges a static image
charge on the photoconductor according to information being
supplied through the input data stream. Each bit of data can be
related to a character shape in the memory of the printing
system, and in most cases characters are formed by a dot
matrix method similar in concept to that of the matrix printer.
Paper can be sheet or roll—fed or continuous form. F 909


3.2.9 full-color copiers, n—copiers that can reproduce color
originals containing gradations of color. Full-color copiers may
have up to four individual color developing units containing
four different color toners. These colors are frequently cyan,
magenta, yellow, and black. The original is scanned by means
of an analog system using a series of color filters or by means
of a digital scanning process. The full-color copier may require
up to four scans to read the original. The copier individually
applies one or more color toners to a transfer drum/belt or
photoconductor, or both, which is in turn deposited on the
paper. F 1424


3.2.10 fuser roll, n—heated roller that contacts the paper
and toner directly and is part of the fuser unit. F 1434


3.2.11 glitch, n—print defect that displaces the laser scan
line so that it appears to start and stop late. F 1457


3.2.12 gripper bar, n—metal bars used in delivery systems
to grasp individual sheets, directing them through the system in
a toner device.


3.2.13 image area, n—that portion of the page that is
printed, including the space between letters and lines. (See
percent coverage and maximum image area.) F 1457


3.2.14 image density, n—contrast between image and back-
ground as measured by densitometer. F 221


3.2.15 image, n—optical counterpart of an object produced
by means of an image producing device. F 221


3.2.16 imaging drum, n—photoreceptive drum coated with
a charge-sensitive material used in the image transfer systems
of toner devices.


3.2.17 landscape mode, adj—printer output orientation in
which printed lines run parallel to the direction of movement of
the paper. F 1457


3.2.18 laser printer, n—nonimpact printer that uses a laser
light source driven by digital signals to create images on a
photoconductor. (See electrophotographic printer.) F 909


3.2.19 liquid toner, n—toner material composed of carbon
particles or colorants suspended in a liquid carrier.


3.2.20 maximum image area, n—portion on a page that can
be printed. (See percentage coverage and image area.)


F 1457
3.2.21 maximum print position, n—rightmost point at which


the printer can mark the paper. F 1457
3.2.22 monocomponent development, n—single component


dry toner used for developing electrostatic images in copiers.
F 1424


3.2.23 nonimpact printer, n—printer in which image forma-
tion is not the result of mechanical impacts.


3.2.23.1 Discussion—Examples are thermal printers, elec-
trostatic printers, electrophotographic printers, and ink jet
printers. F 909


3.2.24 nonrecirculating system, n—fuser oil application
system in which none of the fuser oil that has been removed
from the reservoir is returned. F 1434


3.2.25 overtoning, n—any of the conditions occurring in the
developing unit when the toner concentration is too high.


F 1457
3.2.26 percent coverage, n—ratio of the area actually cov-


ered by the ink (or print material) to the area of the page times
one hundred. (See image area and maximum image area.)


F 1457
3.2.27 picker bar, n—metal bars used in the delivery system


to remove individual sheets of paper from the photoconductive
drum in a toner device.


3.2.28 pitting, n—small defects in the surface of the photo-
receptor that produce spots or voids on the printout. F 1457


3.2.29 pixelation, n—stair stepped or jagged effect resulting
from analog to digital conversion.


3.2.30 platen, n—flat plate or roller used as a support for
printing or copying a document. F 1156


3.2.31 portrait mode, adj—printer output orientation in
which print lines run perpendicular to the direction of move-
ment of the paper. F 1457


3.2.32 printer output area, n—maximum area on the page to
which the printer will print. F 1457


3.2.33 printer, n—output unit that produces durable hard-
copy record of data in the form of a sequence of discrete
graphic characters belonging to a predetermined character set.


F 909
3.2.34 printing module, n—those components in the laser


printer that together drive the laser scanner, create the image on
the page, deliver the page to the stacker. F 1457


3.2.35 raster output scanner, n—output peripheral, either
stand alone or within a printer, that converts computer data into
a bit mapped image, which is sent to the host for storage or a
printer for output. F 1457
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3.2.36 slit glass, n—alternate scanning surface found in
some digital photocopiers used in conjunction with an auto-
matic document feeder.


3.2.37 smudge, n—tendency of an image to smear or streak
onto an adjacent area when rubbed; involves the redeposition
of abraded material. F 221


3.2.38 white write, n—process in electrostatic printing
where the photoconductive element is charged with a charge of
the opposite sign as that of the toner. A light beam, acting like
a “charge eraser” is used to discharge all areas of the
photoconductor that are not to receive toner to form the image.
The toner is attracted to the remaining charged areas of the
photoconductor when the latent electrostatic image is devel-
oped. F 909


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more documents pro-
duced with toner technology are from the same device, whether
a particular device created the document, or the determination
of the make or model of a device.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded. Limitations can be
due to the generation of the document(s) limited quantity or
comparability, or condition of the items submitted for exami-
nation. Such features are taken into account in this guide.


5.2 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
The effects can include, but are not limited to, partial destruc-
tion of the paper, stains, and deterioration of the toner.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations. Consideration should be given to the possibility
that various forms of manipulation and duplication of toner-
produced items can be generated by computer or other means.
Some toner supply units are interchangeable between different
brands or models of machines. Some toner units are refillable
and toner from suppliers other than the original manufacturer
may be used.


5.3 Some multifunction devices using toner technology can
operate in either printing or copying mode, at different resolu-
tions and can produce both multi-color (for example, CYMK)
black or monochrome (for example, one color black). These
various outputs from one machine have many significant
differences among them.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber


optic lighting systems are generally used. Transmitted illumination, side
lighting, and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Rulers in S.I., U.S. Customary Units, printers’ measure,
and desktop publishing units.


6.4 Other apparatus as appropriate (for example, measuring
grids and magnetic detectors).


6.5 Imaging or other equipment for recording observations
as required.


6.6 Reference materials that aid in the determination of a
manufacturer.


6.7 Sufficient time and facilities to complete all applicable
procedures.


7. Procedures


7.1 All applicable procedures shall be performed and noted
when appropriate. These procedures need not be performed in
the order given. Examinations performed, relevant observa-
tions, and results shall be documented.


7.2 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.3 Determine whether the submitted questioned docu-
ment(s) was produced with toner technology. If not, discon-
tinue examination and report accordingly.


7.4 Determine whether the examination is a comparison of
a questioned document(s) to a known document(s), a compari-
son of a questioned document(s) to a questioned document(s),
or is another type of examination of a questioned document(s)
(for example, to determine date limitations or class of ma-
chine).


7.5 Determine whether the questioned document(s) is suit-
able for examination, or comparison, or both. If it is not
suitable, discontinue the procedure and report accordingly.
Factors that affect the suitability include clarity, detail, or
condition of the document.


7.6 If no known document(s) or device(s) was submitted, go
to 7.11.


7.7 If a known document(s) is submitted, determine whether
the known document(s) is suitable for examination, or com-
parison, or both. If it is not suitable, discontinue the procedure
and report accordingly. Factors that affect the suitability
include clarity, detail, or condition of the document.


7.8 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether signifi-
cant details have been reproduced with sufficient clarity for
comparison purposes and proceed to the extent possible. If the
reproduction is not of sufficient clarity for comparison pur-
poses, discontinue these procedures and report accordingly.


7.9 If a device is examined, its condition should be noted.
Service records should be requested and pertinent information
noted and recorded.
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7.9.1 Discussion—Consultation with a qualified technician
may be advantageous or necessary.


7.9.2 Note the capabilities, features, and settings of any
variable features on each device examined. If the device has
internal memory, retain or recover any stored information.


7.9.3 Note visible external components of the device such as
the platen, slit glass, collators and cover/automatic document
feeder that may contain physical evidence, obstructions, debris,
correction fluid, marks, or scratches.


NOTE 2—Before taking exemplars, consideration must be given to the
possible destruction or loss of physical evidence within the device (for
example, fragments torn from the questioned document).


7.10 Prepare appropriate exemplars, taking into consider-
ation the features of the device and possible chemical toner
examinations.


7.10.1 Note damage to easily accessible internal compo-
nents of the device such as the fuser rollers or imaging drum.


7.10.2 If applicable, take additional exemplars.
7.10.3 If none of the exemplars are suitable for comparison


and no others are obtained, discontinue these procedures and
report accordingly.


7.11 Examine the questioned item(s), or the questioned and
known item(s).


7.11.1 Examination(s) for indentations (Guide E 2291) may
be performed for the purpose of visualizing indented writing or
physical characteristics such as marks from the paper transport
mechanism.


7.11.2 Various illumination techniques (color filtered, infra-
red, or ultraviolet) may be used to provide additional informa-
tion, such as security features or stains.


7.11.3 Examination(s) for alterations may be performed.
7.11.4 Identification of the typestyle(s) may provide useful


information (for example, dating information).
7.11.5 Compare class characteristics (for example, paper


type, paper supply system, toner type, marks caused by
mechanics, color capability). If significant unexplainable dif-
ferences exist, discontinue and report accordingly.


NOTE 3—Some toner supply units are interchangeable among different
brands or models of machines and some units are refillable.


7.11.5.1 If possible, classify the device used to produce a
questioned document(s). When identifying a manufacturer of a
questioned item(s), refer to laboratory and published industry
resources. If necessary, contact the device manufacturer or
distributor for further information.


7.11.6 Compare individualizing characteristics such as se-
curity features, wear and damage defects, misalignments,


reproducible marks, voids, and improper or extraneous toner
transfer. Perform and note critical measurements, where
needed.


7.11.6.1 Discussion—Marks may not appear on every suc-
cessive page but will often appear in the same position relative
to one or more edges of the sheet (assuming the same paper
orientation). Two or more marks with a similar cause usually
maintain a fixed spatial relation to each other and/or to the
image area of the copy.


NOTE 4—Successive copying on the same machine can make marks
slightly out of register. Doubling or tripling of a pattern of dots or marks
indicates, respectively, two or three generations of copies on the same
machine. Copies from more than one device will usually bear the
distinctive marks of each machine.


7.12 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination.


7.13 Reach a conclusion according to the criteria set forth in
Section 8.


8. Report


8.1 Conclusion(s), opinion(s), or findings resulting from the
procedures in this guide may be reached once sufficient
examinations have been conducted. The number and nature of
the necessary examinations is dependent on the question at
hand.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or findings should be included in the examiner’s documenta-
tion and may also be included in the report.


8.3 Identification—If there are no significant differences
between two or more items and there is agreement in signifi-
cant individualizing characteristics, identification is appropri-
ate. There may be limitations.


8.4 Elimination—If significant differences between two or
more items are found at any level of the analyses, an elimina-
tion may be appropriate. There may be limitations. There may
be similarities.


8.5 Qualified Opinions—When there are limiting factors
and the examination reveals similarities or differences of
limited significance between two or more items, the use of
qualified opinions can be appropriate. This opinion requires
explanation of the limiting factors.


8.6 No Conclusion—When there are significant limiting
factors, a report that no conclusion can be reached is appro-
priate. This opinion requires explanation of the limiting factors.


9. Keywords


9.1 facsimile devices; forensic sciences; photocopiers; ques-
tioned documents; toner
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Designation: E 1658 – 04


Standard Terminology for
Expressing Conclusions of Forensic Document Examiners 1


This standard is issued under the fixed designation E 1658; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This terminology is intended to assist forensic document
examiners in expressing conclusions based on their examina-
tion.


1.2 This terminology is based on the report of a committee
of the Questioned Document Section of the American Acad-
emy of Forensic Science which was adopted as the recom-
mended guidelines in reports and testimony by the Questioned
Document Section of the American Academy of Forensic
Science and the American Board of Forensic Document
Examiners2,3.


2. Referenced Documents


2.1 ASTM Standards:2


E 444 Guide for Description of Work of Forensic Document
Examiners


3. Significance and Use


3.1 Document examiners begin their handwriting examina-
tions from a point of complete neutrality. There are an infinite
number of gradations of opinion toward an identification or
toward an elimination. It is in those cases wherein the opinion
is less than definite that careful attention is especially needed in
the choice of language used to convey the weight of the
evidence.


3.2 Common sense dictates that we must limit the terminol-
ogy we use in expressing our degrees of confidence in the
evidence to terms that are readily understandable to those who
use our services (including investigators, attorneys, judges, and
jury members), as well as to other document examiners. We
must be careful that the expressions we use in separating the
gradations of opinions do not become strongly defined “cat-


egories” that will always be used as a matter of convenience;
instead, these expressions should be guidelines without sharply
defined boundaries.


3.3 When a forensic document examiner chooses to use one
of the terms defined below, the listener or reader can assume
that this is what the examiner intended the term to mean. To
avoid the possibility of misinterpretation of a term where the
expert is not present to explain the guidelines in this standard,
the appropriate definition(s) could be quoted in or appended to
reports.


3.4 The examples are given both in the first person and in
third person since both methods of reporting are used by
document examiners and since both forms meet the main
purpose of the standard,i. e., to suggest terminology that is
readily understandable. These examples should not be regarded
as the only ways to utilize probability statements in reports and
testimony. In following any guidelines, the examiner should
always bear in mind that sometimes the examination will lead
into paths that cannot be anticipated and that no guidelines can
cover exactly.


3.5 Although the material that follows deals with handwrit-
ing, forensic document examiners may apply this terminology
to other examinations within the scope of their work, as
described in Guide E 444, and it may be used by forensic
examiners in other areas, as appropriate.


3.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


4. Terminology


4.1 Recommended Terms:


identification (definite conclusion of identity)—this is the
highest degree of confidence expressed by document exam-
iners in handwriting comparisons. The examiner has no
reservations whatever, and although prohibited from using
the word “fact,” the examiner is certain, based on evidence
contained in the handwriting, that the writer of the known
material actually wrote the writing in question.


1 This terminology is under the jurisdiction of ASTM Committee E30 on
Forensic Sciences and is the direct responsibility of Subcommittee E30.02 on
Questioned Documents.


Current edition approved Oct. 1, 2004. Published November 2004. Originally
approved in 1995. Last previous edition approved in 1996 as E 1658 – 96.


2 McAlexander, T. V., Beck, J., and Dick, R., “The Standardization of Handwrit-
ing Opinion Terminology,”Journal of Forensic Science, Vol. 36. No. 2, March 1991,
pp. 311–319.


3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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Examples—It has been concluded that John Doe wrote the
questioned material, or it is my opinion [or conclusion] that
John Doe of the known material wrote the questioned
material.


strong probability (highly probable, very probable)—the
evidence is very persuasive, yet some critical feature or
quality is missing so that anidentification is not in order;
however, the examiner is virtually certain that the questioned
and known writings were written by the same individual.
Examples—There isstrong probabilitythat the John Doe of
the known material wrote the questioned material, or it is my
opinion (or conclusion or determination) that the John Doe
of the known materialvery probablywrote the questioned
material.


DISCUSSION—Some examiners doubt the desirability of differentiating
betweenstrong probability and probable, and certainly they may
eliminate this terminology. But those examiners who are trying to
encompass the entire “gray scale” of degrees of confidence may wish
to use this or a similar term.


probable—the evidence contained in the handwriting points
rather strongly toward the questioned and known writings
having been written by the same individual; however, it falls
short of the“ virtually certain” degree of confidence.
Examples—It has been concluded that the John Doe of the
known material probably wrote the questioned material, or it
is my opinion (or conclusion or determination) that the John
Doe of the known materialprobably wrote the questioned
material.


indications (evidence to suggest)—a body of writing has few
features which are of significance for handwriting compari-
son purposes, but those features are in agreement with
another body of writing.
Examples—There is evidence whichindicates(or suggests)
that the John Doe of the known material may have written
the questioned material but the evidence falls far short of that
necessary to support a definite conclusion.


DISCUSSION—This is a very weak opinion, and a report may be
misinterpreted to be an identification by some readers if the report
simply states, “The evidenceindicatesthat the John Doe of the known
material wrote the questioned material.” There should always be
additional limiting words or phrases (such as “may have” or “but the
evidence is far from conclusive”) when this opinion is reported, to
ensure that the reader understands that the opinion is weak. Some
examiners doubt the desirability of reporting an opinion this vague, and
certainly they cannot be criticized if they eliminate this terminology.
But those examiners who are trying to encompass the entire “gray
scale” of degrees of confidence may wish to use this or a similar term.


no conclusion (totally inconclusive, indeterminable)—This
is the zero point of the confidence scale. It is used when there
are significantly limiting factors, such as disguise in the
questioned and/or known writing or a lack of comparable
writing, and the examiner does not have even a leaning one
way or another.
Examples—No conclusioncould be reached as to whether or
not the John Doe of the known material wrote the questioned
material, or I could not determine whether or not the John
Doe of the known material wrote the questioned material.


indications did not—this carries the same weight as the


indications term that is, it is a very weak opinion.
Examples—There is very little significant evidence present
in the comparable portions of the questioned and known
writings, but that evidencesuggeststhat the John Doe of the
known material did not write the questioned material, or I
found indicationsthat the John Doe of the known material
did not write the questioned material but the evidence is far
from conclusive.
See Discussion afterindications.


probably did not—the evidence points rather strongly against
the questioned and known writings having been written by
the same individual, but, as in the probable range above, the
evidence is not quite up to the “virtually certain” range.
Examples—It has been concluded that the John Doe of the
known material probably did not write the questioned
material, or it is my opinion (or conclusion or determination)
that the John Doe of the known material probably did not
write the questioned material.


DISCUSSION—Some examiners prefer to state this opinion: “It is
unlikely that the John Doe of the known material wrote the questioned
material.” There is no strong objection to this, as “unlikely” is merely
the Anglo-Saxon equivalent of “improbable”.


strong probability did not —this carries the same weight as
strong probability on the identification side of the scale; that
is, the examiner is virtually certain that the questioned and
known writings were not written by the same individual.
Examples—There is strong probability that the John Doe of
the known material did not write the questioned material, or
in my opinion (or conclusion or determination) it is highly
probable that the John Doe of the known material did not
write the questioned material.


DISCUSSION—Certainly those examiners who choose to use “un-
likely” in place of “probably did not” may wish to use “highly unlikely”
here.


elimination—this, like thedefinite conclusion of identity, is the
highest degree of confidence expressed by the document
examiner in handwriting comparisons. By using this expres-
sion the examiner denotes no doubt in his opinion that the
questioned and known writings were not written by the same
individual.
Examples—It has been concluded that the John Doe of the
known material did not write the questioned material, or it is
my opinion (or conclusion or determination) that the John
Doe of the known material did not write the questioned
material.


DISCUSSION—This is often a very difficult determination to make in
handwriting examinations, especially when only requested exemplars
are available, and extreme care should be used in arriving at this
conclusion.


4.1.1 When the opinion is less than definite, there is usually
a necessity for additional comments, consisting of such things
as reasons for qualification (if the available evidence allows
that determination), suggestions for remedies (if any are
known), and any other comments that will shed more light on
the report. The report should stand alone with no extra
explanations necessary.
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4.2 Deprecated and Discouraged Expressions:
4.2.1 Several expressions occasionally used by document


examiners are troublesome because they may be misinterpreted
to imply bias, lack of clarity, or fallaciousness and their use is
deprecated. Some of the terms are so blatantly inane (such as
“make/no make”) that they will not be discussed. The use of
others is discouraged because they are incomplete or misused.
These expressions include:


possible/could have—these terms have no place in expert
opinions on handwriting because the examiner’s task is to
decide to what degree of certainty it can be said that a
handwriting sample is by a specific person. If the evidence is
so limited or unclear that no definite or qualified opinion can
be expressed, then the proper answer isno conclusion. To
say that the suspect “could have written the material in
question” says nothing about probability and is therefore
meaningless to the reader or to the court. The examiner
should be clear on the different meanings of “possible” and
“probable,” although they are often used interchangeably in
everyday speech.


consistent with—there are times when this expression is
perfectly appropriate, such as when “evidence consistent
with disguise is present” or “evidence consistent with a
simulation or tracing is present, but “the known writing is
consistent with the questioned writing” has no intelligible
meaning.


could not be identified/cannot identify—these terms are
objectionable not only because they are ambiguous but also
because they are biased; they imply that the examiner’s task
is only to identify the suspect, not to decide whether or not
the suspect is the writer. If one of these terms is used, it
should always be followed by “or eliminate[d]”.


similarities were noted/differences as well as similarities—
these expressions are meaningless without an explanation as
to the extent and significance of the similarities or differ-
ences between the known and questioned material. These
terms should never be substituted for gradations of opinions.


cannot be associated/cannot be connected—these terms are
too vague and may be interpreted as reflecting bias as they
have no counterpart suggesting that the writer cannot be
eliminated either.


no identification—this expression could be understood to
mean anything from a strong probability that the suspect
wrote the questioned writing; to a complete elimination. It is
not only confusing but also grammatically incorrect when
used informally in sentences such as.“ I no identified the
writer” or “I made a no ident in this case.”


inconclusive—this is commonly used synonymously with no
conclusion when the examiner is at the zero point on the
scale of confidence. A potential problem is that some people
understand this term to mean something short of definite (or
conclusive), that is, any degree of probability, and the
examiner should be aware of this ambiguity.


positive identification—This phrase is inappropriate because
it seems to suggest that some identifications are more
positive than others.


[strong] reason to believe—there are too many definitions of
believeandbelief that lack certitude. It is more appropriate
to testify to our conclusion (or determination or expert
opinion) than to our belief, so why use that term in a report?


qualified identification—An identification is not qualified.
However, opinions may be qualified when the evidence falls
short of anidentificationor elimination.
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Designation: E 2290 – 03


Standard Guide for
Examination of Handwritten Items 1


This standard is issued under the fixed designation E 2290; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons involving handwritten items and related proce-
dures.


1.2 These procedures are applicable whether the examina-
tion and comparison is of questioned and known items or of
exclusively questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material (questioned, or known, or both) available for
examination.


1.4 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations of handwritten items.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Guide for Descriptions of Scopes of Work Relating to


Forensic Sciences for Questioned Document Area2


E 1658 Terminology for Expressing Conclusions of Foren-
sic Document Examiners2


E 1732 Terminology Relating to Forensic Science2


E 2195 Standard Terminology Relating to Examination Of
Questioned Documents2


3. Terminology


3.1 For definitions of terms in this guide, refer to Termi-
nologies E 1732 and E 2195.


3.2 Definitions:


3.2.1 known, n/adj——of established origin associated with
the matter under investigation. E 1732


3.2.2 questioned, n/adj——associated with the matter under
investigation about which there is some question, including,
but not limited to, whether the questioned and known items
have a common origin. E 1732


3.3 Definitions of Terms Specific to This Standard:
3.3.1 absent character, n—a character or character combi-


nation which is present in one body of writing but is not present
(for example, does not have a corresponding character) in
another body of writing.


3.3.2 character, n—any language symbol (for example,
letter, numeral, punctuation mark, or other sign), other symbol,
or ornament.


3.3.3 characteristic, n—a feature, quality, attribute, or prop-
erty of writing.


3.3.4 comparable, n/adj——pertaining to handwritten items
that contain the same type(s) of writing and similar characters,
words, and combinations. Contemporaneousness and writing
instruments may also be factors.


3.3.5 distorted writing, n—writing that does not appear to
be, but may be natural. This appearance can be due to either
voluntary factors (for example, disguise, simulation) or invol-
untary factors (for example, physical condition of the writer,
writing conditions).


3.3.6 handwritten item, n—an item bearing something writ-
ten by hand (for example, cursive writing, hand printing,
signatures).


NOTE 1—As used in this standard “handwriting” and “handwritten” are
generic terms. Writing is generally, but not invariably, produced using the
hand, and may be the result of some other form of direct manipulation of
a writing or marking instrument by an individual.


3.3.7 individualizing characteristics, n—marks or proper-
ties that serve to uniquely characterize writing.


3.3.7.1 Discussion—Both class characteristics (marks or
properties that associate individuals as members of a group)
and individual characteristics (marks or properties that differ-
entiate the individual members in a group) are individualizing
characteristics.


3.3.8 item, n—an object or quantity of material on which a
set of observations can be made.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved April 10, 2003. Published June 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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3.3.9 natural writing, n—any specimen of writing executed
without an attempt to control or alter its usual quality of
execution.


3.3.10 range of variation, n—the accumulation of devia-
tions among repetitions of respective handwriting characteris-
tics that are demonstrated in the writing habits of an individual.
(Seevariation, 3.3.15).


3.3.11 significant difference, n—an individualizing charac-
teristic that is structurally divergent between handwritten
items, that is outside the range of variation of the writer, and
that cannot be reasonably explained.


3.3.12 significant similarity, n—an individualizing charac-
teristic in common between two or more handwritten items.


3.3.13 suffıcient quantity, n—that amount of writing re-
quired to assess the writer’s range of variation, based on the
writing examined.


3.3.14 type of writing, n—refers to hand printing, cursive
writing, numerals, symbols, or combinations thereof, and
signatures.


3.3.15 variation, n—those deviations among repetitions of
the same handwriting characteristic(s) that are normally dem-
onstrated in the habits of each writer.


3.3.15.1Discussion—Since variation is an integral part of
natural writing, no two writings of the same material by the
same writer are identical in every detail. Within a writer’s
range of variation, there are handwriting habits and patterns
that are repetitive and similar in nature. These repetitive
features give handwriting a distinctive individuality for exami-
nation purposes. Variation can be influenced by internal factors
such as illness, medication, intentional distortion, etc. and
external factors such as writing conditions and writing instru-
ment, etc.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more handwritten items
were written by the same person(s).


NOTE 2—The phrase “written by the same person(s)” refers to physical
generation of the writing, not to intellectual ownership of the content.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this Guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to submission of non-original
documents, limited quantity or comparability, or condition of
the items submitted for examination. Other limitations can
come from the quantity or comparability of the writing
submitted, and include absent characters, dissimilarities, or
limited individualizing characteristics. Such features are taken
into account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be


handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean cloth gloves).


5.4 Consideration should be given to the possibility that
various forms of simulations, imitations, and duplications of
handwriting can be generated by computer and other means.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 3—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted lighting, side
lighting, and vertical incident lighting have been found useful in a variety
of situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Other apparatus as appropriate.
6.4 Imaging or other equipment for recording observations


as required.
6.5 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.2 Examinations, relevant observations, and results shall be
documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether the examination is a comparison of
questioned writing to known writing or a comparison of
questioned writing to questioned writing.


7.5 Determine whether the questioned writing is original
writing. If it is not original writing, request the original.


NOTE 4—Examination of the original questioned writing is preferable.


7.5.1 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether the
significant details of the writing have been reproduced with
sufficient clarity for comparison purposes and proceed to the
extent possible. If the writing has not been reproduced with
sufficient clarity for comparison purposes, discontinue these
procedures and report accordingly.


7.6 Determine whether the questioned writing appears to be
distorted. If it appears to be distorted, determine whether it is
possible to establish that the apparently distorted writing is
natural writing.


7.6.1 If it is not natural writing, or if it is not possible to
establish whether the apparently distorted writing is natural
writing, determine whether the apparently distorted writing is
suitable for comparison and proceed to the extent possible. If
the available questioned writing is not suitable for comparison,
discontinue these procedures and report accordingly.
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7.7 Evaluate the questioned writing for the following:
7.7.1 Type of Writing—If there is more than one type of


writing within the questioned writing, separate the questioned
writing into groups of single types of writing.


7.7.2 Internal Consistency—If there are inconsistencies
within any one of the groups created in 7.7.1 (for example,
suggestive of multiple writers), divide the group(s) into sub-
groups, each one of which is consistent.


7.7.3 Determine range of variation of the writing for each
group or sub-group of the questioned writing created in 7.7.1
and 7.7.2.


7.7.4 Determine presence or absence of individualizing
characteristics.


7.7.5 If the examination is a comparison of exclusively
questioned writing, go to 7.9.


7.8 Determine whether the known writing is original writ-
ing. If it is not original writing, request the original.


NOTE 5—Examination of the original known writing is preferable.


7.8.1 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether the
significant details of the writing have been reproduced with
sufficient clarity for comparison purposes and proceed to the
extent possible. If the writing has not been reproduced with
sufficient clarity for comparison purposes, discontinue these
procedures and report accordingly.


7.9 Determine whether the known writing appears to be
distorted. If it appears to be distorted, determine whether it is
possible to establish that the apparently distorted writing is
natural writing.


7.9.1 If it is not natural writing, or if it is not possible to
establish whether the apparently distorted writing is natural
writing, determine whether the apparently distorted writing is
suitable for comparison and proceed to the extent possible. It
should be determined whether additional known writing would
be of assistance, and if so, it should be requested. If the
available known writing is not suitable for comparison, dis-
continue these procedures and report accordingly.


7.10 Evaluate the known writing for the following:
7.10.1 Type of Writing—If there is more than one type of


writing within the known writing, separate the known writing
into groups of single types of writing.


7.10.2 Internal Consistency—If there are unresolved incon-
sistencies within any of the groups created in 7.10.1 (for
example, suggestive of multiple writers), contact the submitter
for authentication. If any inconsistencies are not resolved to the
examiner’s satisfaction, discontinue these procedures for the
affected group(s), and report accordingly.


7.10.3 Determine range of variation of the writing for each
group of the known writing created in 7.10.1 and 7.10.2.


7.10.4 Determine presence or absence of individualizing
characteristics.


7.11 Evaluate the comparability of the bodies of writing
(questioned writing to known writing or exclusively questioned
writing).


7.11.1 If the bodies of writing are not comparable, discon-
tinue comparison and request comparable known writing, if
appropriate.


7.11.1.1 If comparable known writing is made available,
return to 7.10. If comparable known writing is not made
available, discontinue these procedures and report accordingly.


7.12 Conduct a side-by-side comparison of comparable
portions of the bodies of writing.


7.12.1 Determine whether there are differences, absent char-
acters, and similarities.


7.12.2 Evaluate their significance individually and in com-
bination.


7.12.3 Determine if there is a sufficient quantity of writing
(questioned writing, or known writing, or both).


7.12.3.1 If writing (questioned writing, or known writing, or
both) is not sufficient in quantity for an elimination or an
identification, continue the comparison to the extent possible.
When appropriate, request more known writing. If more known
writing is made available, return to 7.10.


7.12.4 Analyze, compare, and evaluate the individualizing
characteristics and other potentially significant features present
in the comparable portions of the bodies of writing.


NOTE 6—Among the features to be considered are elements of the
writing such as abbreviation; alignment; arrangement, formatting, and
positioning; capitalization; connectedness and disconnectedness; cross
strokes and dots, diacritics and punctuation; direction of strokes; disguise;
embellishments; formation; freedom of execution; handedness; legibility;
line quality; method of production; pen hold and pen position; overall
pressure and patterns of pressure emphasis; proportion; simplification;
size; skill; slant or slope; spacing; speed; initial, connecting, and terminal
strokes; system; tremor; type of writing; and range of variation.


Other features such as lifts, stops and hesitations of the writing
instrument; patching and retouching; slow, drawn quality of the line;
unnatural tremor; and guide lines of various forms should be looked for
and considered when present.


Potential limiting factors such as age; illness or injury; medication,
drugs or alcohol (intoxication or withdrawal); awkward writing position;
cold or heat; fatigue; haste or carelessness; nervousness; nature of the
document, use of the unaccustomed hand; deliberate attempt at disguise or
auto-forgery should be considered.


For further details, see the referenced texts.


7.12.5 Evaluate the similarities, differences, and limitations.
Determine their significance individually and in combination.


7.13 Form a conclusion based on results of the above
analyses, comparisons, and evaluations.


8. Reporting Conclusions
8.1 The conclusion(s) or opinion(s) resulting from the


procedures in this Guide may be reached once sufficient
examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should appear in the examiner’s documentation
and may also appear in the report.


8.3 Refer to Terminology E 1658 for reporting conclu-
sion(s) or opinion(s).


9. Keywords
9.1 forensic sciences; handwriting; questioned documents
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Designation: E 2291 – 03


Standard Guide for
Indentation Examinations 1


This standard is issued under the fixed designation E 2291; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons involving visualization and recording of indenta-
tions.


1.2 These procedures include evaluation of the sufficiency
of the material available for examination.


1.3 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.4 This guide may not cover all aspects of unusual or
uncommon examinations.


1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Guide for Descriptions of Scopes of Work Relating to


Forensic Sciences for Questioned Document Area2


E 1732 Terminology Relating to Forensic Science2


E 2195 Terminology Relating to the Examination of Ques-
tioned Documents2


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminologies E 1732 and E 2195.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 direct contact, n—two sheets of paper, one on top of


the other, with no intervening sheets.
3.2.2 electrostatic detection device (EDD), n—an instru-


ment used to visualize paper fiber disturbances (for example,
indentations, erasures, typewritten material/lift off).


3.2.3 film, n—thin transparent plastic material that covers
the item during an examination using an EDD.


3.2.4 indentations, n—latent or visible impressions in paper
or other media.


3.2.5 indirect contact, n—two sheets of paper, one on top of
the other, with one or more intervening sheets.


3.2.6 lift , n—the product of an EDD examination; a self-
adhesive plastic sheet adhering to a film that preserves the
results of an EDD examination.


3.2.7 primary indentations, n—impressions caused by the
act of writing or other dynamic actions.


3.2.8 secondary impression(s), n—fiber disturbances caused
by contact with the embossed side of indentations and not
caused by the act of writing.


3.2.9 side lighting, n—illumination from a light source that
is at a low angle of incidence, or even parallel, to the surface
of the item. Syn.oblique lighting.


4. Significance and Use


4.1 When sheets of paper are in direct or indirect contact
with one another, impressions on the top sheet can produce
indentations on the sheet(s) below.


4.2 This guide establishes procedures for visualizing those
indentations.


4.2.1 These procedures are essentially non-destructive;
however, pencil writing and single-strike ribbon typing can be
partially lifted from the document by EDD. Although this
effect can be minimal, adequate documentation of such items
should precede EDD.


4.3 Paper fiber disturbances caused by erasures or present in
torn paper edges may be visualized using this guide.


4.4 Electrostatic detection device (EDD) examinations may
be useful in developing other types of impressions on paper
items (for example, typewritten material, shoeprints and latent
prints).


4.5 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning indentations.


5. Interferences


5.1 Certain items submitted for examination may have
inherent limitations that can interfere with the procedures in
this guide. Limitations should be noted and recorded.


5.2 The size, shape, density or condition of an item may
make it unsuitable for the EDD portion of the procedure (for
example, some book covers, large file folders and items that
have been wet or damaged after indentations were made).


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved April 10, 2003. Published June 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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5.3 A complete examination involves the use of both the
optical and EDD portions of the procedure. All indentations
may not be revealed if the optical and EDD portions of the
procedure are not conducted.


5.4 The results of prior storage, handling, testing, or pro-
cessing may interfere with these procedures. Chemical pro-
cessing for latent prints generally interferes with indentation
examination results. Indentation examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean cloth gloves).


5.5 Items should be handled as little as possible prior to
EDD examination to prevent contamination (for example, the
introduction of latent prints and additional indentations). Im-
proper handling (for example, rubbing the item surface with
cloth gloves) may also impede EDD examination results.


5.6 EDD examination may yield secondary impressions as
well as primary impressions. Caution should be taken when
attempting to determine whether impressions are primary or
secondary.


5.7 In some locations (that is, areas with low humidity),
conducting an EDD examination without prior humidification
of the document may impede examination results.


5.8 Periodically check the condition of the glass beads
utilized in EDD examinations. They can deteriorate with use,
affecting the quality of the developed EDD image.


5.9 Repeated processing with EDD can result in degraded
images.


6. Equipment and Requirements


6.1 Light source(s) of sufficient intensity and appropriate
form to be used for side lighting.


6.2 Electrostatic detection device (EDD).
6.3 Imaging or other equipment for recording observations


as required.
6.4 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures should be per-
formed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 View the item being examined using side lighting that is
directed at the item from various angles and directions. In some
instances, the use of side lighting in a room with subdued light
may provide better visualization of indentations.


7.3.1 Document any indentations observed.


7.3.2 If indentations are not observed, document the lack of
visible indentations.


7.4 Determine whether the item is suitable for EDD exami-
nation.


7.4.1 If the item is not suitable, discontinue examination and
report accordingly.


7.5 Each suitable item should be examined using an EDD.
7.5.1 The EDD shall be operated utilizing the instructions


provided in the operating manual, laboratory procedures, and
current technical research.


7.5.2 A control indentation shall be successfully developed
and recorded on the day of examination. This control can be
conducted prior to, or concurrently with, the EDD examination
of the item(s).


7.5.2.1 If the control indentation is not successfully visual-
ized, the problem shall be corrected before any further inden-
tation examinations are conducted with that instrument.


7.6 Results of the EDD examination may be preserved by
making a lift.


7.7 If no indentations are developed, the results will be
documented or preserved, or both, according to laboratory
policy.


NOTE 1—In situations where the developed results are faint or there is
background interference, or both, results may be difficult to see. In such
instances, the results should be lifted and evaluated using an appropriate
background.


7.8 Lifts shall be maintained according to laboratory policy.
7.9 Evaluate and document results of the EDD examination.
7.10 If indentations or other images are visualized, conduct


other examinations as appropriate.


8. Report


8.1 Conclusion(s), or opinion(s), or other finding(s) result-
ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should appear in the examiner’s documentation
and may also appear in the report.


8.3 Once examinations and evaluations have been com-
pleted, reports may include the following types of conclu-
sion(s), opinion(s), or finding(s):


8.3.1 Whether indentations were observed.
8.3.2 Whether decipherable indentations were observed.
8.3.3 The text of deciphered indentations.
8.3.4 Information as to the source of indentations.


9. Keywords


9.1 electrostatic detection device (EDD); embossing; foren-
sic science; indentations; questioned documents
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Designation: E 2389 – 05


Standard Guide for
Examination of Documents Produced with Liquid Ink Jet
Technology1


This standard is issued under the fixed designation E 2389; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (Guide E 444) for examinations
of documents produced with liquid inkjet technology and
related procedures.


1.2 These procedures are applicable whether the examina-
tion is of a questioned and known item(s) or of exclusively
questioned item(s).


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature and sufficiency of the material avail-
able for examination.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations.


1.6 These methods are applicable to examinations involving
copiers, printers, facsimile devices, and multifunction devices
using ink jet technology.


1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


D 1968 Terminology Relating to Paper and Paper Products
E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners
E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to the Examination of Ques-
tioned Documents
E 2331 Guide for Examination of Altered Documents
F 221 Terminology Relating to Carbon Paper and Inked
Ribbon Products and Images Made Therefrom


F 909 Terminology Relating to Printers
F 1156 Terminology Relating to Product Counterfeit Pro-
tection Systems (Discontinued 2001)3


F 1457 Terminology Relating to Laser Printers
F 1857 Terminology Relating to Ink Jet Printers and Images
Made Therefrom


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminologies E 1732 and E 2195.


3.1.1 coalescence, n—puddling or pooling of adjacent ink
drops on the substrate before they can be dried or absorbed
resulting in nonuniformity of color density. F 1857


3.1.2 cockle, n—of paper, a defective, puckered condition
of a paper sheet as a result of non-uniform hygro-expansion
which can be related to any non-uniformity in the sheet,
including mass distribution and drying stresses. D 1968


3.1.3 continuous spray, n—ink jet technology where drops
are generated at a regular unbroken rate. Images are then
generated by deflections of the ink droplets after they are
charged so they are either intercepted by a catcher and not
permitted to impact the substrate or deflected to intercept the
substrate at specific locations.


3.1.4 cracking, n—condition in which ink that has been
absorbed into a substrate causes the coating to shrink to a state
much smaller than the original coating dimension causing
fractures in the image area. F 1857


3.1.5 crystallization, n—condition in which ink evaporates
and forms crystals. F 1857


3.1.6 drop on demand (DOD), n—ink jet technology where
drops are generated as needed to create an image.


3.1.7 full-color copiers, n—of ink jet technology, copiers
that can reproduce color originals containing gradations of
color. They have a minimum of three colored inks (cyan,
magenta and yellow).


3.1.8 image area, n—area on a page occupied by all the
printed information. F 1457


3.1.9 image density, n—contrast between image and back-
ground as measured by densitometer. F 221


3.1.10 image, n—optical counterpart of an object produced
by means of an image producing device. F 221


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Dec. 1, 2005. Published January 2006.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website. 3 Withdrawn.
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3.1.11 ink jet printer, n—nonimpact printer in which the
characters are formed by projecting droplets of ink onto a
substrate. F 909


3.1.12 landscape mode, adj—printer output orientation in
which printed lines run parallel to the direction of movement of
the paper. F 1457


3.1.13 maximum print position, n—rightmost point at which
the printer can mark the paper. F 1457


3.1.14 nonimpact printer, n—printer in which image forma-
tion is not the result of mechanical impacts. Examples are
thermal printers, electrostatic printers, electrophotographic
printers, and inkjet printers. F 909


3.1.15 offset, n—unintentional transfer of ink (as from a
freshly printed substrate). F 1857


3.1.16 piezoelectric, n—ink jet technology where the elec-
trically stimulated deformation of a crystal causes the expul-
sion of the droplets from the ink chamber.


3.1.17 pixelation, n—stairstepped or jagged effect resulting
from analog to digital conversion.


3.1.18 platen, n—flat plate or roller used as a support for
printing or copying a document. F 1156


3.1.19 portrait mode, adj—printer output orientation in
which print lines run perpendicular to the direction of move-
ment of the paper. F 1457


3.1.20 printhead, n—printing device of an ink jet printing
system.


3.1.21 printer output area, n—maximum area on the page to
which the printer will print. F 1457


3.1.22 raster output scanner, n—output peripheral, either
stand alone or within a printer, that converts computer data into
a bit mapped image, which is sent to the host for storage or a
printer for output. F 1457


3.1.23 slit glass, n—alternate scanning surface found in
some digital photocopiers used in conjunction with an auto-
matic document feeder.


3.1.24 smudge, n—tendency of an image to smear or streak
onto an adjacent area when rubbed; involves the redeposition
of abraded material. F 221


3.1.25 thermal impulse, n—ink jet technology where the
rapid expansion of a bubble in the ink created by localized
electrical heating expels the droplets from the ink chamber.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 banding, n—uniform density variations or voids in a


given color which appear in the direction that the printhead
travels. F 1857


3.2.2 bleed, n—ink feathering of one color into an adjacent
color over time. F 1857


3.2.3 circularity, n—ratio of a single ink dot height divided
by its width with 1.0 being a perfect circle. F 1857


3.2.4 feathering, n—ink spread over substrate causing fuzzy
edges, spidery lines and poor print quality. F 1857


3.2.5 liquid ink jet device, n—device in which the ink
supply is in fluid (for example, solvent or aqueous) form.


3.2.6 mottling, n—nonuniformity of image density which
follows patterns in the substrate or by non-uniform ink-
substrate interaction. F 1857


3.2.7 satellite, n—extraneous or undesirable ink droplets.
(See also spatter, spray) F 1857


3.2.8 spatter, n—type of extraneous or undesirable ink
droplet originating when a portion of an ink droplet strikes the
intended area and is deflected to an unintended area. F 1857


3.2.9 spray, n—type of extraneous or undesirable ink dot
near the printed zones which originate from the printhead.


F 1857


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more documents pro-
duced with ink jet technology are from the same device,
whether a particular device created the document, or the
determination of the make or model of a device.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to the generation of the docu-
ment(s), limited quantity or comparability, or condition of the
items submitted for examination. Such features are taken into
account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
The effects can include, but are not limited to, partial destruc-
tion of the substrate, stains, and deterioration of the ink.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations.


5.4 Consideration should be given to the possibility that
various forms of manipulation and duplication of ink jet-
produced items can be generated by computer, scanner, digital
camera, graphic pad or other means.


5.5 Some ink supply units are interchangeable between
different brands or models of machines. Some ink units are
refillable and ink from suppliers other than the original
manufacturer may be used.


5.6 Some multi-function devices utilizing toner technology
can operate in either printing or copying mode, at different
resolutions and can produce both multi-color (for example,
CYMK) black or monochrome (for example, one color black).
These various outputs from one machine have many significant
differences among them.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally used. Transmitted illumination, side
lighting, and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.
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6.3 Rulers in metric, U.S. customary units, printers’ mea-
sure, and desktop publishing units.


6.4 Other apparatus as appropriate (for example, measuring
grids and magnetic detectors).


6.5 Imaging or other equipment for recording observations
as required.


6.6 Reference materials can aid in the determination of a
manufacturer.


6.7 Sufficient time and facilities to complete all applicable
procedures.


7. Procedures


7.1 All procedures shall be performed (consistent with
Toner Guide) and noted when appropriate. These procedures
need not be performed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether the submitted questioned docu-
ment(s) was produced with liquid ink jet technology. If not,
discontinue examination and report accordingly.


7.5 Determine whether the examination is comparison of a
questioned document(s) to a known document(s), a comparison
of exclusively questioned documents, or is another type of
examination of a questioned item(s) (e.g., to determine date
limitations or class of machine).


7.6 Determine whether the questioned document(s) is suit-
able for examination, or comparison, or both. If it is not
suitable, discontinue the procedure and report accordingly.
Factors that affect the suitability include clarity, detail, or
condition of the document.


7.7 If no known document(s) or device(s) was submitted, go
to 7.9.


7.8 If a known document(s) is submitted, determine whether
the known document(s) is suitable for examination, or com-
parison, or both. If it is not suitable, discontinue the procedure
and report accordingly. Factors that affect the suitability
include clarity, detail, or condition of the document.


7.9 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether signifi-
cant details have been reproduced with sufficient clarity for
comparison purposes and proceed to the extent possible. If the
reproduction is not of sufficient clarity for comparison pur-
poses, discontinue these procedures and report accordingly.


7.10 If a device is examined, its condition should be noted.
Service records should be requested and pertinent information
noted and recorded.


7.10.1 Discussion—Consultation with a qualified technician
may be advantageous or necessary.


7.11 Note the capabilities, features, and settings of any
variable features on each device examined. If the device has
internal memory, retain or recover any stored information.


7.12 Note visible external components of the device such as
the platen, slit glass, collators, and cover/automatic document
feeder that may contain physical evidence, obstructions, debris,
correction fluid, marks, or scratches.


NOTE 2—Before taking exemplars, consideration must be given to the
possible destruction or loss of physical evidence within the device (for
example, fragments torn from the questioned document).


7.13 Prepare appropriate exemplars, taking into consider-
ation the features of the device and possible chemical ink
examinations.


7.14 Note damage to easily accessible internal components
of the device such as the print head or paper transport
mechanism.


7.15 If applicable, take additional exemplars.
7.16 If none of the exemplars are suitable for comparison


and no others are obtained, discontinue these procedures and
report accordingly.


7.17 Examine the questioned item(s), or the questioned and
known items.


7.17.1 Discussion—The type of substrate used in an ink jet
printer may affect the appearance of the ink such as banding,
circularity, feathering, bleed, mottling, offset, spatter or satel-
lite droplets.


7.18 Examination(s) for indentations (Guide E 2291) may
be performed for the purpose of visualizing indented writing or
physical characteristics such as marks from the paper transport
mechanism.


7.19 Various illumination techniques (color filtering, infra-
red, or ultraviolet) may be used to provide additional informa-
tion such as security features or stains.


7.20 Examination(s) for alterations (Guide E 2331) may be
performed.


7.21 Identification of the typestyle(s) may provide useful
information (for example, dating information).


7.22 Compare class characteristics (for example, paper
supply system, ink type, marks caused by mechanics, color
capability). If significant unexplainable differences exist, dis-
continue and report accordingly.


NOTE 3—Some ink supply units are interchangeable among different
brands or models of machines and most units are refillable.


7.23 If possible, classify the device used to produce a
questioned document(s). When identifying a manufacturer of a
questioned item(s), refer to laboratory and published industry
resources. If necessary, contact the device manufacturer or
distributor for further information.


7.24 Compare individualizing characteristics such as wear
and damage defects, misalignments, reproducible marks, band-
ing, voids, and improper or extraneous ink transfer. Perform
and note critical measurements, where needed.


NOTE 4—Successive copying on the same machine will make marks
slightly out of register. Doubling or tripling of a pattern of dots or marks
indicates, respectively, two or three generations of copies on the same
machine. Copying on more than one device may bear the distinctive marks
of all machines.


7.25 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination.


NOTE 5—Care must be taken in the evaluation of characteristics as
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some may be caused by factors external to the print device (for example,
artifacts from or manipulation of the source computer file) or character-
istics common to a particular model of machine.


7.26 Reach a conclusion according to the criteria set forth in
Section 8.


8. Report


8.1 Conclusion(s), opinion(s), or findings resulting from the
procedures in this guide may be reached once sufficient
examinations have been conducted. The number and nature of
the necessary examinations is dependent on the question at
hand.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or findings should be included in the examiner’s documenta-
tion and may also be included in the report.


8.3 Identification—When the examination reveals no sig-
nificant differences between two or more items and there is


agreement in significant individualizing characteristics, an
identification is appropriate. There may be limitations.


8.4 Elimination—If significant differences between two or
more items are found at any level of the analyses, an elimina-
tion may be appropriate. There may be limitations. There may
be similarities.


8.5 Qualified Opinions—When there are limiting factors
and the examination reveals similarities or differences of
limited significance between two or more items, the use of
qualified opinions can be appropriate. This opinion requires
explanation of the limiting factors.


8.6 No Conclusion—When there are significant limiting
factors, a report that no conclusion can be reached is appro-
priate. This opinion requires explanation of the limiting factors.


9. Keywords


9.1 facsimile devices; forensic sciences; ink jet; photocopi-
ers; questioned documents


BIBLIOGRAPHY


(1) Doherty, P., “Classification of Ink Jet Printers and Inks,” Journal of
the American Society of Questioned Document Examiners, Vol 1,
No. 2, December 1998, pp. 88-106.


E 2389 – 05


4
Copyright by ASTM Int'l (all rights reserved);
Reproduction authorized per License Agreement with RANDY E GIBSON (); Mon Jan 30 18:00:18 EST 2006





		Scope

		Referenced Documents

		Terminology

		Significance and Use

		Interferences

		Equipment and Requirements

		Procedures

		Report

		Keywords






Designation: E 2325 – 05


Standard Guide for
Non-destructive Examination of Paper1


This standard is issued under the fixed designation E 2325; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (see Guide E 444) for non-
destructive examinations of paper.


1.2 These procedures are applicable whether the examina-
tion is of questioned and known items or of exclusively
questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature of the material available for examina-
tion.


1.5 This guide may not cover all aspects of particularly
unusual or uncommon examinations of paper samples.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Guide for Descriptions of Scopes of Work Relating to
Forensic Sciences for Questioned Document Area


E 1422 Guide for Test Methods for Forensic Writing Ink
Comparison


E 1732 Terminology Relating to Forensic Science
E XXXX Terminology Relating to Forensic Document Ex-


amination


3. Terminology


3.1 Definitions:


3.1.1 For definitions of terms in this guide, refer to Termi-
nologies E 1732 and E XXXX.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 fluorescence, n—a process by which radiant energy is


absorbed and reradiated at other, usually longer, wavelengths.
3.2.2 infrared (IR), n—referring to radiant flux having


wavelengths longer than the wavelengths of light, usually
wavelengths from about 780 nm to about 1 mm. E 284


3.2.3 infrared luminescence (IRL), n—the emission of radi-
ant energy during a transition from an excited electronic state
of an atom, molecule, or ion to a lower electronic state
(fluorescence or phosphorescence, or both), where the spec-
trum of the excitation source is in the ultraviolet (UV) or
visible region of the electromagnetic spectrum, or both, and the
spectrum of the emitted energy is in the far red or infrared (IR)
region of the electromagnetic spectrum. E 1422


3.2.4 luminescence, n—the emission of radiant energy dur-
ing a transition from an excited electronic state of an atom,
molecule, or ion to a lower electronic state. E 1422


3.2.5 opacity, n—the property of paper that prevents the
transmission of light.


3.2.6 ultraviolet (UV), n—referring to radiant flux having
wavelengths shorter than the wavelengths of light, usually
wavelengths from about 10 nm to 380 nm. E 1422


3.2.6.1 Discussion—Long-wave UV usually refers to the
spectral range of UV-A, with wavelengths from about 315 nm
to 380 nm. Short-wave UV usually refers to the spectral range
of UV-C, with wavelengths from 100 nm to 280 nm.


3.2.7 watermark, n—a localized modification of the forma-
tion and/or opacity of a sheet of paper so that a pattern, design,
or word group can be seen in the dry sheet when viewed using
side lighting or transmitted light.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably evalu-
ate the physical similarities or differences between papers that
can lead to a determination as to whether papers originated
from the same source.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved June 1, 2005. Published July 2005.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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5. Interferences


5.1 Certain items submitted for examination may have
inherent limitations that can interfere with the procedures in
this guide. Limitations should be noted and recorded.


5.2 The condition of a paper sample may make it unsuitable
for some types of examinations (for example, item(s) that are
water soaked, stained, soiled, charred, or finely shredded).


5.3 Storage conditions such as exposure to light, heat, or
moisture can affect the appearance of paper during certain
tests.


5.4 Chemical processing for latent prints generally inter-
feres with non-destructive paper examination. Paper examina-
tions should be conducted prior to any chemical processing.


5.5 Items should be handled as little as possible prior to and
during paper examinations to prevent contamination such as
the introduction of latent prints. The use of clean cloth gloves
is recommended.


5.6 In the paper manufacturing process reams of paper and
other paper products can be comprised of sheets from one or
more rolls of paper. Differences in paper characteristics may be
present in individual sheets from the same ream or product and,
therefore, must be considered when assessing color, thickness,
UV fluorescence, IRL, opacity, surface texture and printed
material (see 7.6, 7.7, 7.8, 7.10, 7.11, and 7.17).


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, transmitted
illumination and fiber optic lighting systems are generally utilized. Side
lighting and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Measuring Devices:
6.3.1 Micrometer capable of measuring in increments of


0.02 mm or 0.001 inch. Ruler measuring at least 300 mm long,
marked in increments of 0.5 mm or less, or measuring at least
12 in. long, marked in increments of 1⁄64 in. or less.


6.3.2 Scale capable of measuring 0.001 g.
6.4 IR image conversion device or system with appropriate


light sources and filters for use in IR and IRL examinations.
6.5 Electrostatic detection device to examine for indented


impressions.
6.6 Long and short wave UV sources.
6.7 Materials sufficient to evaluate the relative opacity of


paper.
6.8 Other apparatus as appropriate.
6.9 Imaging or other equipment for recording observations


as required.
6.10 Sufficient time and facilities to complete all applicable


procedures.


7. Procedures


NOTE 2—All procedures shall be performed when applicable and noted
when appropriate. These procedures need not be performed in the order
given.


7.1 Examinations performed, relevant observations, and
results shall be documented.


7.2 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.3 Determine whether the examination is a comparison of
questioned paper sample(s) or a comparison of a questioned
paper sample(s) with a known paper sample(s).


NOTE 3—For the purpose of this guide, two samples will be compared.
These samples may refer to known and questioned specimens, or
exclusively questioned specimens.


7.4 Determine whether the submitted paper samples are
suitable for comparison. If not suitable for comparison, dis-
continue the procedure and report accordingly.


7.5 Examine the paper samples with transmitted light.
7.5.1 Record any watermarks present.
7.5.1.1 When identifying a manufacturer or dating a paper


sample by the use of a watermark, refer to laboratory and
published industry resources. If necessary, contact the appro-
priate paper manufacturer for further information.


7.6 Examine the color of the paper samples. Refer to
Interferences section 5.6.


7.6.1 Determine the significance of any differences ob-
served.


7.7 Measure the thickness of the paper samples with a
micrometer. An averaging of measurements made at the center
and opposite edges of each paper sample, is recommended.
Refer to Interferences section 5.6.


7.8 Examine the paper samples for UV fluorescence and
IRL. Refer to Interferences section 5.6.


7.9 Examine the samples for chemical or other contamina-
tion, alterations, and carbonless paper transfers.


7.10 Examine the relative opacity of the paper samples.
Refer to Interferences section 5.6.


7.11 Examine the surface texture of the paper samples (for
example, smoothness, patterns). Refer to Interferences section
5.6.


7.12 Measure the paper samples with a ruler, recording
length and width measurements.


7.13 Measure the weight of the paper sample. The relative
basis weight can be compared by dividing the weight of the
paper by its area.


7.14 Examine corners of the paper samples and evaluate
angles (for example, squared, curved, rough finish).


7.15 Examine edges of the paper samples with magnifica-
tion, or UV sources, or both for remnants of binding, adhe-
sives, or padding material.


7.16 Examine edges of the paper samples for manufacturing
markings (for example, cut marks, striations or coloration).
Evaluate for proper orientation of each page with all other
pages.
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7.17 Examine paper samples with lines or other printed
material with appropriate instruments capable of magnifica-
tion, IR, IRL, and UV examinations. Measure line length,
spacing, and other printed material. Examine for broken or
deformed patterns. Refer to Interferences section 5.6.


7.18 Examine the paper samples for the presence of security
features (for example, planchettes or security fibers).


7.19 Examine the samples for carbonless paper chemicals
and form printing image quality that can indicate a carbonless
system.


7.20 Locate and record any trace materials (for example,
opaqueing solution, correction strips, tape, or other materials)
on the paper samples.


7.21 Examine the paper samples for surface damage due to
abrasions, handling, storage, or other physical changes. If
folds, creases, crimp markings, fiber disturbances, or other
relevant characteristics, are located on any sample, determine
the significance as they relate to other samples.


7.22 Examine the paper samples for size and spacing of
staples and staple holes. If the pages of the documents are
stapled together, determine any pattern similarities or differ-
ences between the number and pattern of staple holes present.


7.22.1 Prior to the removal of any staples, record the
position of the staple holes relative to the existing staple(s).


7.22.2 Coordination with the submitter of the evidence may
be advisable before removing any staples.


7.23 Examine the paper samples for perforations, hole
punches, or other torn portions.


7.24 Examine the surfaces of the paper for indentations such
as handwriting, clipboard marks, paper clip impressions, and
other extraneous markings.


7.25 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination and
reach a conclusion.


8. Report
8.1 Conclusion(s), or opinion(s), or other finding(s) result-


ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s) or opin-
ion(s) should be included in the examiner’s documentation and
may also be included in the report.


8.3 Once examinations and evaluations have been com-
pleted, reports may include, but are not limited to, the
following types of conclusion(s), opinion(s), or finding(s):


8.3.1 Evidence such as indentations, contaminants, physical
similarities, etc., associates the paper samples as being at-
tached, handled by, or originating from the same source.


8.3.2 The paper samples originate from or share the same
manufacturer source (mill, post-mill processing, binding, print-
ing, trimming, packaging and distribution processes) or post-
manufacturer source (consumer or user level).


8.3.3 The paper samples can neither be associated nor
disassociated as originating from or sharing the same source.


8.3.4 The paper samples did not originate from or share the
same source.


8.3.5 Evidence such as indentations, contaminants, physical
similarities, etc., associates the paper samples as being at-
tached, handled by, or originating from the same source.


9. Keywords
9.1 forensic document examination; forensic sciences; non-


destructive paper examination; paper; questioned documents;
watermark
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Designation: E 2289 – 03


Standard Guide for
Examination of Rubber Stamp Impressions 1


This standard is issued under the fixed designation E 2289; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons involving rubber stamps and their impressions.


1.2 These procedures are applicable whether the examina-
tion(s) and comparison(s) is of questioned and known items or
of exclusively questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature and sufficiency of the material avail-
able for examination.


1.5 This guide may not cover all aspects of particularly
unusual or uncommon examinations.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Descriptions of Scope of Work Relating to Forensic


Document Examiners2


E 1732 Terminology Relating to Forensic Science2


E 2195 Terminology Relating to Forensic Document Ex-
amination2


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminology E 1732 and Terminology E 2195.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 coincidental peripheral printing, n—printing resulting


from an impression of unintended printing areas, often on the
periphery, of a stamp. This may be due to the manufacturing
process or the stamping technique.


3.2.2 rubber stamp, n—any of a wide variety of hand
printing devices made of many materials not necessarily
rubber. Syn.—hand stamp, cachet.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more impressions have
a common origin or if a rubber stamp impression was created
by a specific rubber stamp.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to submission of non-original
documents, limited quantity or comparability, or condition of
the items submitted for examination (for example, impressions
made with over-inked or inadequately inked stamps, partially
imprinted impressions, or variations in surface texture). Such
features are taken into account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean hand coverings).


5.4 Consideration should be given to the possibility that a
rubber stamp can be manufactured which duplicates the
impressions of another stamp, and that various forms of
simulations, imitations, and duplicates of rubber stamps or
rubber stamp impressions can be generated by computer and
other means.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted illumination,
side lighting, and vertical incident lighting have been found useful.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved March 10, 2003. Published April 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 A stamp pad, stamp pad ink and adequate smooth (bond)
paper or other suitable substrate to collect specimens from the
rubber stamp if available.


6.4 Other apparatus as appropriate.
6.5 Imaging or other equipment for recording observations


as required.
6.6 Sufficient time and facilities to complete all applicable


procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether the submitted questioned impres-
sion(s) were produced by a rubber stamp. If not a rubber stamp
impression (original or copy), discontinue examination and
report accordingly.


7.5 Determine whether the examination is a comparison of
questioned impressions; a comparison of a questioned impres-
sion(s) with a known impression(s); or a comparison of a
questioned impression(s) with a rubber stamp(s).


7.6 Determine whether the submitted questioned impres-
sion(s) is suitable for comparison. If it is not suitable for
comparison, discontinue the procedure and report accordingly.
Factors that affect the suitability include clarity, detail, degree
of inking or condition of the document.


NOTE 2—Examination of the original is preferable, and consideration
should be given to obtaining the original, if not submitted.


NOTE 3—Limited sufficiency and comparability of the impressions can
be a restrictive factor in an examination and its conclusions but does not
necessarily require the discontinuation of the examination.


7.7 If no known specimen impressions or rubber stamp(s)
were submitted, go to 7.11.


7.8 If a rubber stamp(s) is submitted, its condition should be
noted (for example, clean, dirty, inked, worn, damaged).


7.8.1 Note, when applicable, class characteristics (for ex-
ample, typeface design and size). Consideration should be
given to sampling ink from the stamp prior to taking exem-
plars.


7.8.2 Note any visible features that reproduce on the im-
pression.


7.8.3 Prepare appropriate specimens, as needed.
7.9 Determine if any of the known specimen impressions


are suitable for comparison.


7.10 If none of the known specimen impressions are suit-
able for comparison and no others are obtained, discontinue
these procedures and report accordingly.


7.11 Conduct a side-by-side comparison of the questioned
impressions, or the questioned impression to the known im-
pressions and/or to the rubber stamp(s).


7.11.1 Compare class characteristics (for example, size,
type style, text, shape). If different, discontinue and report
accordingly.


7.11.2 Compare individualizing characteristics in common
such as wear and damage defects, reproducible blemishes,
impression voids, improper and extraneous inking, or coinci-
dental peripheral printing.


7.12 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination.


7.13 Reach a conclusion and report accordingly..


8. Report


8.1 Conclusion(s), opinion(s), or findings resulting from the
procedures in this guide may be reached once sufficient
examinations have been conducted. The number and nature of
the necessary examinations is dependent on the question at
hand.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should be included in the examiner’s documen-
tation and may also appear in the report.


8.3 Identification—When the examination reveals no sig-
nificant, inexplicable differences between two or more items,
and there is agreement in all individualizing characteristics, an
identification is appropriate (that is, compared impressions or
compared impression and rubber stamp contain substantial
significant similarities; there are no differences; and no limita-
tions associated with absent characters; and any possibility of
a duplicate rubber stamp can be eliminated).


8.4 Elimination—If significant, inexplicable differences be-
tween two or more items are found at any level of the analyses,
an elimination is appropriate (that is, the impressions contain
substantial significant, inexplicable differences). There may be
similarities.


8.5 Qualified Opinions—When there are limiting factors
and the examination reveals similarities or differences of
limited significance between two or more items, the use of
qualified opinions can be appropriate (that is, the impressions
or observed features contain limited similarities or differences;
or limitations associated with absent characters, individualiz-
ing characteristics, or distorted impressions are present; or
limitations associated with the possibility of the existence of a
duplicate rubber stamp; or a combination of these). This
opinion requires explanation of the limiting factors.


8.6 No Conclusion—When there are significant limiting
factors, and the examination reveals no significant differences,
a report that no conclusion can be reached is appropriate (that
is, the impressions or observed features contain insufficient
significant similarities and insufficient differences). This opin-
ion requires explanation of the limiting factors.


9. Keywords


9.1 forensic sciences; questioned documents; rubber stamp
impressions; rubber stamps
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Designation: E 141 – 91 (Reapproved 2003) e1 An American National Standard


Standard Practice for
Acceptance of Evidence Based on the Results of Probability
Sampling 1


This standard is issued under the fixed designation E 141; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


e1 NOTE—Editorial changes were made throughout in November 2003.


1. Scope


1.1 This practice presents rules for accepting or rejecting
evidence based on a sample. Statistical evidence for this
practice is in the form of an estimate of a proportion, an
average, a total, or other numerical characteristic of a finite
population or lot. It is an estimate of the result which would
have been obtained by investigating the entire lot or population
under the same rules and with the same care as was used for the
sample.


1.2 One purpose of this practice is to describe straightfor-
ward sample selection and data calculation procedures so that
courts, commissions, etc. will be able to verify whether such
procedures have been applied. The methods may not give least
uncertainty at least cost, they should however furnish a
reasonable estimate with calculable uncertainty.


1.3 This practice is primarily intended for one-of-a-kind
studies. Repetitive surveys allow estimates of sampling uncer-
tainties to be pooled; the emphasis of this practice is on
estimation of sampling uncertainty from the sample itself. The
parameter of interest for this practice is effectively a constant.
Thus, the principal inference is a simple point estimate to be
used as if it were the unknown constant, rather than, for
example, a forecast or prediction interval or distribution
devised to match a random quantity of interest.


1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 105 Practice for Probability Sampling of Materials2


E 122 Practice for Choice of Sample Size to Estimate a
Measure of Quality for a Lot or Process2


E 178 Practice for Dealing with Outlying Observations2


E 456 Terminology for Statistical Methods2


NOTE 1—Practice E 105 provides a statement of principles for guidance
of ASTM technical committees and others in the preparation of a sampling
plan for a specific material. Practice E 122 aids in deciding on the required
sample size. Practice E 178 helps insure better behaved estimates.
Terminology E 456 provides definitions of statistical terms used in this
standard.


3. Terminology


3.1 Definitions:
3.1.1 Equal Complete Coverage Result, n—the numerical


characteristic (u) of interest calculated from observations made
by drawing randomly from the frame, all of the sampling units
covered by the frame.


3.1.1.1 Discussion—Locating the units and evaluating them
are supposed to be done in exactly the same way and at the
same time as was done for the sample. The quantity itself is
denotedu. The equal complete coverage result is never actually
calculated. Its purpose is to serve as the objectively defined
concrete goal of the investigation. The quantityu may be the
population mean,( Ȳ), total (Y), median (M), the proportion
(P), or any other such quantity.


3.1.2 frame, n—a list, compiled for sampling purposes,
which designates all of the sampling units (items or groups) of
a population or universe to be considered in a specific study.


3.1.2.1 Discussion—The list may cover a specific shipment
or lot, all households in a county, a state, or country; for
example, any population of interest. Every sampling unit in the
frame (1) has a unique serial number, which may be preas-
signed or determined by some definite rule, (2) has an
address—a complete and clear instruction (or rules for its
formulation) as to where and when to make the observation or
evaluation, (3) is based on physically concrete clerical mate-
rials such as directories, dials of clocks or of meters, ledgers,
maps, aerial photographs, etc., referred to in the addresses.


1 This practice is under the jurisdiction of ASTM Committee E11 on Quality and
Statistical Methods and is the direct responsibility of Subcommittee E11.10 on
Sampling.


Current edition approved August 15, 1991. Published November 1991. Origi-
nally published as E 141 – 59 T. Last previous edition E 141 – 69 (1975).


2 Annual Book of ASTM Standards, Vol 14.02.
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3.1.3 sample, n—a group of items, observations, test results,
or portions of material, taken from a larger collection of such
items; it provides information for decisions concerning the
larger collection.


3.1.3.1 Discussion—A particular sample is identified by the
set of serial numbers from the randomization device and by the
addresses on the frame generated by those serial numbers.


3.1.4 sampling unit, n—an item, test specimen or portion of
material that is to be subjected to evaluation as part of the
sampling plan.


3.1.4.1 Discussion—If it is not feasible to select test speci-
mens or laboratory samples individually, the sampling unit
may be a group of items, for example, a row, an entire case of
items, or a prescribed area (as in the examination of a finishing
process).


3.1.4.2 By a more expensive method of measurement (fu-
ture time, more elaborate frame) it may be possible to define a
quantity,u8, as a target parameter or ideal goal of an investi-
gation. Criticism that holdsu to be an inappropriate goal
should demonstrate that the numerical difference betweenu
andu8 is substantial. Measurements may be imprecise but so
long as measurement errors are not too biased, a large size of
the lot or population, N, insures thatu and u8 are essentially
equal.


4. Significance and Use


4.1 This practice is designed to permit users of sample
survey data to judge the trustworthiness of results from such
surveys. Section 5 gives extended definitions of the concepts
basic to survey sampling and the user should verify that such
concepts were indeed used and understood by those who
conducted the survey. What was the frame? How large (ex-
actly) was the quantity N? How was the parameteru estimated
and its standard error calculated? If replicate subsamples were
not used, why not?


4.2 Adequate answers should be given for all questions.
There are many acceptable answers to the last question. If the
sample design was relatively simple, such as simple random or
stratified, then good estimates of sampling variance are easily
available. If a more complex design was used then methods
such as discussed in [1] may be acceptable. Replicate sub-
samples is the most straightforward way to estimate sampling
variances when the survey design is complex.


4.3 Once the survey procedures that were used satisfy
Section 5, consult Section 4 to see if any increase in sample
size is needed. The calculations for making it are objectively
described in Section 4.


4.4 Refer to Section 6 to guide in the interpretation of the
uncertainty in the reported value of the parameter estimate,u,
i.e. the value of its standard error, se(u). The quantity se(u)
should be reviewed to verify that the risks it entails are
commensurate with the size of the sample.


5. Descriptive Terms and Procedures


5.1 Probability Sampling Plans—include instructions for
using either:


5.1.1 carefully prepared tables of random number,
5.1.2 computer algorithms, carefully programmed and run


on a large computer, to generate pseudo-random numbers or,


5.1.3 certifiably honest physical devices, such as coin flips,
to select the sample units so that inferences may be drawn from
the test results and decisions may be made with risks correctly
calculated by probability theory.


5.1.4 Such plans are defined and their relative advantages
discussed in [1], [2] and [6].


5.2 Replicate Subsamples—a number of disjoint samples,
each one separately drawn from the frame in accord with the
same probability sampling plan. When appropriate, separate
laboratories should each work on separate replicate subsamples
and teams of investigators should be assigned to separate
replicate subsamples. This approach insures that the calculated
standard error will not be a systematic underestimate. Such
subsamples were called interpenetrating in [5] where many of
their basic properties were described. See [2] for further theory
and applications.


5.2.1 Discussion—For some types of material a sample
selected with uniform spacing along the frame (systematic
sample) has increased precision over a selection made with
randomly varying spacings (simple random sample). Examples
include sampling mineral ore or grain from a conveyor belt or
sampling from a list of households along a street. If the
systematic sample is obtained by a single random start the plan
is then a probability sampling plan, but it does not permit
calculating the standard error as required by this practice. After
dividing the sample size by an integerk (such ask = 4 or k
= 10) and using a random start for each ofk replicate
subsamples, some of the increased precision of systematic
sampling (and a standard error onk − 1 degrees of freedom)
can be achieved.


5.2.2 Audit Subsample—a small subsample of the survey
sample (as few as 10 observations may be adequate) for review
of all procedures from use of the random numbers through
locating and measurement, to editing, coding, data entry and
tabulation. Selection of the audit subsample may be done by
putting the n sample observations in order as they are collected,
calculating the nearest integer to=n , or some other conve-
nient integer, and taking this number to be the spacing for
systematic selection of the audit subsample. The review should
uncover any gross departures from prescribed practices or any
conceptual misunderstandings in the definitions. If the audit
subsample is large enough (say 30 observations or more) the
regression of audited values on initial observations may be
used to calibrate the estimate. This technique is the method of
two-phase sampling as discussed in [1]. Helpful discussion of
an audit appears in [2].


5.2.3 Estimate—a quantity calculated on the n sample
observations in the same way as the equal complete coverage
result u would have been calculated from the entire set of N
possible observations of the population; the symbolu denotes
the estimate. (In calculatingu, replicate subsample member-
ship is ignored.)


5.2.3.1 Discussion—An estimate has a sampling distribu-
tion induced from the randomness in sample selection. The
equal complete coverage result is effectively a constant while
any estimate is only the value from one particular sample.
Thus, there is a mean value of the sampling distribution and
there is also a standard deviation of the sampling distribution.
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5.2.4 Standard Error—the quantity computed from the
observations as an estimate of the sampling standard deviation
of the estimate;se (u) denotes the standard error.


5.2.4.1 Example 1—Whenu is the population average of the
N quantities and a simple random sample of sizen was drawn,
then the sample averagey becomes the usual estimateu,
where


u 5 ȳ 5 (
i 5 1


n


yi /n. (1)


The quantitiesy1, y2, ..., yn denote the observations. The
standard error is calculated as:


se~u! 5 se~ȳ! 5Œ(
i 5 1


n


~yi 2 ȳ!2/n~n 2 1!. (2)


There aren − 1 degrees of freedom in this standard error.
When the observations are:


81.6, 78.7, 79.7, 78.3, 80.9, 79.5, 79.8, 80.3, 79.5, 80.7
theny = 79.90 andse(ȳ)= 0.32. As this example illustrates,


formula (2) is correct whenk replacesn and subsample
estimates are used in place of observations.


5.2.4.2 Example 2 on the Finite Population Correction
(fpc)—Multiplying se ( ȳ ) by =1 2 n/N is always correct
when the goal of the survey is to estimate the finite population
mean (u = Y). Using the previous data and ifN = 50, then
se(ȳ) becomesse(ȳ)= 0.28 after applying the fpc. If random
measurement error exists in the observations, thenu8 based on
a reference measurement method may be a more appropriate
survey goal thanu (see section 4.1.4.1). If so, thense(ȳ)would
be further adjusted upward by an amount somewhat less than
the downward adjustment of the fpc. Both of these adjustments
are often numerically so small that these adjustments may be
omitted—leavingse(ȳ)of (2) as a slight overestimate.


5.2.4.3 Example 3—If the quantity of interest is (a) a
proportion or (b) a total and the sample is simple random then
the above formulas are still applicable. A proportion is the
mean of zeroes and ones, while the total is a constant times the
mean. Thus:
(a) whenu is taken to be the population proportion (u = P)
then;


u 5 p 5 (yi/n 5 a/n (3)


where:
a is the number of units in the sample with the attribute, and


se~p! 5 =p~1 2 p!/~n 2 1! (4)


(b) whenu = the population total (u = Y) then


u 5 Nȳ and se~u! 5 Nse~ȳ! (5)


If a simple random sample of sizen = 200 hasa = 25 items
with the attribute then the conclusion isu = 0.125 andse
(u) = 0.023 on 199 degrees of freedom.


5.2.4.4 Example 4. If u is a parameter other than a mean or
if the sample design is complex, then replicate subsamples
should be used in the sample design. Denote thek separate
estimates asui, i = 1, 2, ...,k and denote byu the estimate based
on the whole sample. The average of theui will be close to, but
in general not equal tou. The standard error ofu is calculated
as:


se~u! 5Œ(
i 5 1


k


~ui 2 u!2/k~k 2 1! (6)


where u is the average of theui . The standard error is
based onk − 1 degrees of freedom.


The following estimates of percent “drug-in-suit” sales of
prescription drugs were based on 20 replicate subsamples; each
followed a stratified cluster sampling design. The separate
estimates were: 6.8, 7.1, 8.4, 9.5, 8.6, 4.1, 3.7, 3.2, 3.8, 5.8, 8.8,
5.0, 7.9, 8.8, 8.4, 8.1, 6.0, 6.3, 4.5, 5.8. The value ofu was
6.74 % and se(u) = 0.43 % on 19 degrees of freedom. Notice
that u = 6.58 does not equalu = 6.74. This is becauseu is a
ratio of two overall averages whileu is the average of 20
ratios. For an example withk = 2, average1⁄3 and 3⁄5 and
compare to (1 + 3)/(3 + 5).


5.2.5 Procedures—must be described in written form and
should cover the following matters; (1) parties interested in
collecting data should agree on the importance of knowingu
and its definition including measurement methods, (2) the
frame shall be carefully and explicitly constructed;N shall be
well established, (3) random numbers (or a certifiably honest
physical random device) shall dictate selection of the sample.
There will be no substitution of one sampling unit for another.
The method of sample selection shall permit calculation of a
standard error of the estimate (4) the use of replicate sub-
samples is recommended (see section 5.24.2.2); an audit
subsample should be selected and processed and any depar-
tures from prescribed measurement methods and location
instructions noted (see 5.2.2). A report should listu and its
standard error with the degrees of freedom in these ( u).


6. Adequacy of Sample Size


6.1 Deciding on Increasing Sample Size:Choice of sample
size should be made carefully in accordance with Practice
E 122 or on a comparable basis. Since procedures for setting
sample size are based on judgements of the variability to be
encountered, there is a possibility that the standard error as
calculated from the data could greatly exceed that anticipated.
It may happen that the time period of interest for the population
has passed or for some other reasons it is not possible to take
more observations and thus the following discussion should be
ignored. Otherwise, a decision may be made to increase the
number of replicate subsamples or even to carry out a census
of the universe. Such decisions must be made strictly indepen-
dent of knowledge ofu, for example, in adversarial settings one
party may feel the size ofu is inappropriate and will seek to
have it changed. Therefore experimental protocols along with
the standard error should be reviewed prior to announcement of
the estimateu. Once all parties are satisfied (methods are
sound, standard error adequate) then the estimate can be
furnished.


6.2 Increasing Sample Size by Calculating Costs and
Losses:To assume thatu = u is to make a judgement that the
cost of decreasingse (u) by increasing sample size is greater
than the risks stemming fromu not equal tou. If n is to be
increased it is necessary to understand the survey costs as well
as the costs of inaccuracies inu. Survey costs are determined
through ordinary cost accounting procedures. In judging the
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seriousness of inaccuracy inu one needs to imagine losses
entailed if u were one standard error belowu and aboveu.
Calculate these two losses and divide the average by two. This
result represents roughly the gain to be expected by quadru-
pling sample size. If the cost of increasing sample size fromn
to 4n is appreciably less than the above gain there is a basis for
increasing sample size.


6.2.1 Example 5—The estimate of percentage “drug-in-
suit” sales (see 5.2.4.4, Example 4) was to be used in
determining how much drug companies might have to pay to
the state of North Carolina. Thus losses from inaccuracy inu in
this example were relatively clear. The base sales of all
prescription drugs in North Carolina was 700 million dollars.
About 10 % of “drug-in-suit” sales could be judged as over-
pricing. An initial sample of only four replicate subsamples
was taken and these ( u) was found to be 0.7 %. Thus an
overstatement by one standard error would represent a loss to
the drug companies of 0.0073 7003 0.1 = 0.49 million dol-
lars, while an understatement of the same amount would be the
same loss to the state of North Carolina. The average is
$490,000 and half of this is $245,000. Perhaps, from the
court’s viewpoint, not all of this is loss since what one party
overpays, the other gains. Still the survey would have cost
approximately $50,000 to quadruple in size so it was decided
to take the total of 20 subsamples reported on in the above
Example 4.


7. Reporting Results


7.1 Basic Technical Report:
7.1.1 The estimate ofu should be reported as “u with a


standard error ofse (u) on n degrees of freedom.” This form
emphasizes the quantityu which is to be taken in practice to be
the value ofu. It also permits the user to rule out values ofu
as improbable under the evidence, by simple calculations based
on widely available tables of the Studentt distribution.


7.2 Upper and Lower Bounds onu:
7.2.1 Values ofu that can be ruled out because they are (a)


too large or (b) too small, can be calculated as follows:


~a! Upper boundu~U! 5 u 1 ta ~n! se~u!, or (7)


~b! Lower boundu~L! 5 u 2 ta ~n! se~u!, (8)


whereta(n) is the value from the Studentt distribution such
that 100a percent of the distribution exceeds ta(n). A hypoth-
esized value ofu equal to or larger thanu(U) would be rejected
by the sample evidence at thea level of significance. For
values oft see, for example, [3]. For the theory of bounds see
[4].


7.2.2 Example 6. For the percent drug-in-suit data a lower
bound with 5 % level of significance is found as:


u 5 6.742 1.7293 0.435 6.00, (9)


where 1.729 ist.95 from [3] with n = 19.
7.3 Confidence Limits:The quantitiesu(U) andu(L) calcu-


lated usingta/2(n) in place of ta(n), define an interval (from
u(L) to u(U)) called a 100a percent confidence interval. Again,
see [4] or [1].


7.3.1 Example 7. For the percent condition estimate a 95 %
confidence interval would be from:


79.92 2.2623 0.32 to 79.91 2.2623 0.32, or (10)


from 79.2 to 80.6, where 2.2625 t.975 from [3] with n 5 9.


7.4 Bounds on a Proportion in a Large Population When
Zero is Observed in a Sample:It can happen, after observing a
random sample of sizen, that a = 0; that is, there are no
observations showing the attribute among then. In this case an
upper bound with level of significancea is computed as:


u~U! 5 1 2 a1/n. (11)


For example, withn = 18 anda = 0.05, u(U) = 0.15. Any
values of the population proportion less than 15 % cannot be
ruled out. See Example 8 below for a more exact treatment of
the case whenN is of moderate size.


7.5 Nonnormality of theu Distribution:
7.5.1 If any one of the observations is very much smaller or


larger than the rest it should be investigated. If there is marked
asymmetry in the distribution of the observations (for example,
there are apparent outliers on one side of the average), be
cautious in trusting the realism ofa when calculating bounds
and confidence limits. If the following estimate of skewness in
u is not larger in absolute value than 0.3, then the change in
100a will likely be less than 1 % due to skewness.


g1 ~u! 5 @ (
i 5 1


n


~ui 2 u!3/~n 2 1!~n 2 2!#/[se~u!#3n. (12)


For the example of the 20 replicate subsample estimates of
proportion “drug-in-suit,”g1(u) = −0.054, which is far from
critical. The value 0.3 in the above rule is a relaxed form of that
given on page 42 of [1].


7.5.1.1 Example 8 on Bounding Proportions Near Zero in
Finite Populations. If a simple random sample of sizen = 200
hasa = 3 items with the attribute, then the conclusion (see
Example 3 above for comparison) isu = p = 0.0150 and
se(p)= 0.0086. Treating the observations as 197 zeroes and 3
ones, allows the quantityg1(u) to be computed as 0.57 which
exceeds 0.3 and warns of skewness in the distribution ofu.
Further suppose that there areN = 800 items in a lot and letA
be the unknown number of items with the attribute and that an
upper bound is needed forA. An upper bound with a 97.5 %
coefficient (a = 0.025) would be found from the formula in 4.2
as 0.0150 + 2(0.0086) = 0.0322. This suggests that
8003 .0322 = 25.8 is an upper 97.5 % bound onA, but
skewness may upset this. In fact settingA = 32 is required to
drive the chance of observinga = 3 or less to 2.3 %, while
settingA = 31 only drives it to 2.8 %. The bound itself is set at
the half-integerA(U) = 31.5 since larger values can be ruled
out at thea = 0.025 level.


7.5.1.2 These probabilities (of 0.023 and of 0.028) are
calculated from the hypergeometric distribution, see [1], which
is the sampling distribution ofa when the sample is simple
random. The full formula is


Pr ~a items with the attribute amongn in the sample! (13)


5
A!~N 2 A!!~N 2 n!! n!


a!~A 2 a!! ~n 2 a!! ~N 2 A 2 n 1 a!! N!
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7.5.1.3 In practice, a hand-held calculator may be used for
the needed probabilities to set bounds. The first step is to find
the probability for a = 0 as a sequence ofA alternating
multiplications and divisions where (from the above formula):


Pr ~a 5 0! 5
~N 2 n!~N 2 n 2 1!—~N 2 n 2 A 1 1!


N~N 2 1!—~N 2 A 1 1!
. (14)


7.5.1.4 Alternating multiplications with divisions will help
avoid rounding errors. Probabilities fora = 1, a = 2, etc. can
now be obtained recursively by at most two multiplications and
two divisions. For the case ofA = 31,n = 200 andN = 800,Pr
(a = 0) = 0.0001096913978. Multiplying by (31/570) and
(200/1) brings us toPr (a = 1); further multiplying by (30/571)
and (199/2) gets us toPr (a = 2); and, finally, multiplying by
(29/572) and (198/3) producesPr (a = 3) = 0.02087. Adding
these four (4) results gives 0.02841 which is above 0.025 and
requires us to go on to the case ofA = 32.


7.5.1.5 A lower bound onA could also be found by trial and
error after settingA = 3, A = 4, and so forth until the probabil-
ity of 3 or more, first exceedsa. When we setA = 3 the
probability ofa = 3 becomes 0.0154 so thatA = 3 can be ruled
out by the evidence at thea = 0.0154 level of significance.
However, when we setA = 4 the probability of gettinga = 3 or
a = 4 is found to b0e .0503 and soA(L) = 3.5 becomes the
lower bound.


7.5.1.6 Using the above formula forPr (a = 0), it is now
possible to furnish an upper bound on the population propor-
tion when zero proportion is observed, that takes account of the
size of the finite population. We take the example ofn = 20
with a = 0 and supposeN = 100. ForA = 14Pr (a = 0) is found
to be (80/100)(79/99)—(67/87) = 0.03413, whilePr
(a = 0) = 0.0443 forA = 13, but Pr (a = 0) = 0.0574 when
A = 12. Thus an upper 5 % bound onA is set atA(U) = 12.5
when N = 100 or the upper bound on the finite population
proportion becomes 0.125.


7.6 Extreme Security Limits:The extreme variation of an
estimate (from a probability sample) can often be placed at an
interval of three standard deviations above or below the sample
result. When the sample is of sufficient size, only 27 out of
10,000 intervals so calculated would not be expected to cover
the universe value. Table 1 shows values forta/2 where
a = 0.0027, and gives some idea of the effect of having to
estimate the standard deviation rather than using previous
knowledge of it.


7.6.1 Example 9. For the percent condition estimate, ex-
treme security limits would be set at:


79.902 ~4.093 0.32! to 79.901 ~4.093 0.32!
or from 78.59 to 81.21.


(15)


8. Review of Important Points


8.1 Probability sampling as practiced in accord with 5.2 is a
procedure by which one obtains a result from a selected set of
sampling units that will agree, within calculable limits of
variation, with the equal complete coverage result.


8.2 The equal complete coverage result may or may not be
acceptable evidence. Whether it is acceptable depends on many
considerations such as definitions, method of test, care exer-
cised in the testing, completeness of the frame, and on other
points not to be settled by statistical theory since these points
belong to the subject matter, and are the same whether one uses
sampling or not. Mistakes, whether in testing, counting, or
weighing will affect the result of a complete coverage just as
such mistakes will affect the sample result.


8.3 When the audit subsample shows that there was reason-
able conformity with prescribed procedures and when the
known instances of departures from the survey plan can be
shown to have no appreciable effect on the estimate, then the
valueu should be used.


9. Keywords


9.1 probability sampling; sampling unit; sampling frame;
equal complete coverage; replicate subsamples; audit sub-
sample; sampling distribution; estimate; standard error; popu-
lation parameter; finite population correction; sample size
adequacy; confidence limits; skewness; hypergeometric
distribution.


TABLE 1 Student t Values Required for Use with a Standard
Error on n Degrees of Freedom to Attain a = 0.0027


n ta/2(n) n ta/2(n) n ta/2(n)


1 235.78A 11 3.85 21 3.40
2 19.21 12 3.76 22 3.38
3 9.22 13 3.69 23 3.36
4 6.62 14 3.64 24 3.34
5 5.51 15 3.59 25 3.33
6 4.90 16 3.54 26 3.32
7 4.53 17 3.51 27 3.30
8 4.28 18 3.48 28 3.29
9 4.09 19 3.45 29 3.28


10 3.96 20 3.42 30 3.27
40 3.20
50 3.16
` 3.00


A Note—When used to calculate an exact three sigma interval this value is
ta/2(n) = 235.80 for an exact a/2 = 0.001349898 and n = 1.
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Designation: E 2390 – 06


Standard Guide for
Examination of Documents Produced with Toner
Technology1


This standard is issued under the fixed designation E 2390; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (Guide E 444) for examinations
of documents produced with toner technology, and related
procedures.


1.2 These procedures are applicable whether the examina-
tion is of questioned and known item(s) or of exclusively
questioned item(s).


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods used in a given case will depend
upon the nature and sufficiency of the material available for
examination.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations.


1.6 These methods are applicable to examinations involving
photocopiers, printers, facsimile devices, and multifunction
devices using toner technology.


1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners


E 1658 Terminology for Expressing Conclusions of Foren-
sic Document Examiners


E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to the Examination of Ques-


tioned Documents
E 2291 Guide for Indentation Examinations
F 221 Terminology Relating to Carbon Paper and Inked


Ribbon Products and Images Made Therefrom
F 909 Terminology Relating to Printers
F 1125 Terminology of Image Quality in Impact Printing


Systems
F 1156 Terminology Relating to Product Counterfeit Pro-


tection Systems3


F 1424 Test Method for Estimating Toner Usage in Full-
Color Copiers Utilizing Dry Mono-or-Dual-Component
Toners


F 1434 Practice for Estimating the Performance of a Fuser
Oil in an Electrostatic Copier or Printer


F 909 Terminology Relating to Printers
F 1457 Terminology Relating to Laser Printers


3. Terminology


3.1 For definitions of terms in this guide, refer to Termi-
nologies E 1658, E 1732, and E 2195.


3.2 Definitions:
3.2.1 aliasing, n—see pixilation.
3.2.2 black write, n—process in electrostatic printing in


which the photoconductive element is charged with a charge of
the same sign as that of the toner. A light beam, used like a
“stylus” is used to discharge only those areas that are to receive
toner to form the image. In the development process, the
charged background areas repel the like charged toner to the
discharged areas on the photoconductor. F 909


3.2.3 bridging, v—clumping of toner that causes a hollow
area in the toner supply that prevents the free flow of toner to
the dispenser auger. F 1457


3.2.4 corona, n—device used to place a uniform electrical
charge on the surface of a xerographic photoreceptor. F 1457


3.2.5 dielectric printing process, n—nonimpact printing
technique in which specially treated paper consisting of a
conductive base layer coated with a nonconductive thermoplas-
tic material is used to hold an electric charge usually applied
directly by a set of electrode styli. The electric charge corre-
sponds to the latent image of the original. Following the
charging step, the paper is imaged by a toner system similar to
that of electrostatic copying devices. This technique is some-
times called electrographic, and is currently used on general


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Jan. 15, 2006. Published February 2006.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website. 3 Withdrawn.
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purpose non impact printers, plotting and facsimile devices.
F 909


3.2.5.1 Discussion—Bridging is a different phenomenon
from the image quality bridging as defined in Terminology
F 1125.


3.2.6 dry toner, n—material in a dry developer system
which when deposited on a substrate by the field of an
electrostatic charge pattern, becomes the visible record.


F 1457
3.2.7 dual-component development, n—mixture of dry toner


and iron oxide developer that is used for developing electro-
static images in copiers. F 1424


3.2.8 electrophotographic printer, n—nonimpact printing
technique that is similar to the technology used in a typical
office copier, which forms a copy by attracting toner particles
to a static charge on the surface of a photoconductor, then
transferring the toner image to the surface of a sheet of paper.
In the normal office copier, the charged image (latent image) of
the original document is formed on the photoconductor simply
through exposure of the photoconductor to reflected light from
the document. In an electrophotographic printer, the image is
formed by a light source (laser, LED, LCS, laser diode, or other
controlled light source) that erases or discharges a static image
charge on the photoconductor according to information being
supplied through the input data stream. Each bit of data can be
related to a character shape in the memory of the printing
system, and in most cases characters are formed by a dot
matrix method similar in concept to that of the matrix printer.
Paper can be sheet or roll—fed or continuous form. F 909


3.2.9 full-color copiers, n—copiers that can reproduce color
originals containing gradations of color. Full-color copiers may
have up to four individual color developing units containing
four different color toners. These colors are frequently cyan,
magenta, yellow, and black. The original is scanned by means
of an analog system using a series of color filters or by means
of a digital scanning process. The full-color copier may require
up to four scans to read the original. The copier individually
applies one or more color toners to a transfer drum/belt or
photoconductor, or both, which is in turn deposited on the
paper. F 1424


3.2.10 fuser roll, n—heated roller that contacts the paper
and toner directly and is part of the fuser unit. F 1434


3.2.11 glitch, n—print defect that displaces the laser scan
line so that it appears to start and stop late. F 1457


3.2.12 gripper bar, n—metal bars used in delivery systems
to grasp individual sheets, directing them through the system in
a toner device.


3.2.13 image area, n—that portion of the page that is
printed, including the space between letters and lines. (See
percent coverage and maximum image area.) F 1457


3.2.14 image density, n—contrast between image and back-
ground as measured by densitometer. F 221


3.2.15 image, n—optical counterpart of an object produced
by means of an image producing device. F 221


3.2.16 imaging drum, n—photoreceptive drum coated with
a charge-sensitive material used in the image transfer systems
of toner devices.


3.2.17 landscape mode, adj—printer output orientation in
which printed lines run parallel to the direction of movement of
the paper. F 1457


3.2.18 laser printer, n—nonimpact printer that uses a laser
light source driven by digital signals to create images on a
photoconductor. (See electrophotographic printer.) F 909


3.2.19 liquid toner, n—toner material composed of carbon
particles or colorants suspended in a liquid carrier.


3.2.20 maximum image area, n—portion on a page that can
be printed. (See percentage coverage and image area.)


F 1457
3.2.21 maximum print position, n—rightmost point at which


the printer can mark the paper. F 1457
3.2.22 monocomponent development, n—single component


dry toner used for developing electrostatic images in copiers.
F 1424


3.2.23 nonimpact printer, n—printer in which image forma-
tion is not the result of mechanical impacts.


3.2.23.1 Discussion—Examples are thermal printers, elec-
trostatic printers, electrophotographic printers, and ink jet
printers. F 909


3.2.24 nonrecirculating system, n—fuser oil application
system in which none of the fuser oil that has been removed
from the reservoir is returned. F 1434


3.2.25 overtoning, n—any of the conditions occurring in the
developing unit when the toner concentration is too high.


F 1457
3.2.26 percent coverage, n—ratio of the area actually cov-


ered by the ink (or print material) to the area of the page times
one hundred. (See image area and maximum image area.)


F 1457
3.2.27 picker bar, n—metal bars used in the delivery system


to remove individual sheets of paper from the photoconductive
drum in a toner device.


3.2.28 pitting, n—small defects in the surface of the photo-
receptor that produce spots or voids on the printout. F 1457


3.2.29 pixelation, n—stair stepped or jagged effect resulting
from analog to digital conversion.


3.2.30 platen, n—flat plate or roller used as a support for
printing or copying a document. F 1156


3.2.31 portrait mode, adj—printer output orientation in
which print lines run perpendicular to the direction of move-
ment of the paper. F 1457


3.2.32 printer output area, n—maximum area on the page to
which the printer will print. F 1457


3.2.33 printer, n—output unit that produces durable hard-
copy record of data in the form of a sequence of discrete
graphic characters belonging to a predetermined character set.


F 909
3.2.34 printing module, n—those components in the laser


printer that together drive the laser scanner, create the image on
the page, deliver the page to the stacker. F 1457


3.2.35 raster output scanner, n—output peripheral, either
stand alone or within a printer, that converts computer data into
a bit mapped image, which is sent to the host for storage or a
printer for output. F 1457
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3.2.36 slit glass, n—alternate scanning surface found in
some digital photocopiers used in conjunction with an auto-
matic document feeder.


3.2.37 smudge, n—tendency of an image to smear or streak
onto an adjacent area when rubbed; involves the redeposition
of abraded material. F 221


3.2.38 white write, n—process in electrostatic printing
where the photoconductive element is charged with a charge of
the opposite sign as that of the toner. A light beam, acting like
a “charge eraser” is used to discharge all areas of the
photoconductor that are not to receive toner to form the image.
The toner is attracted to the remaining charged areas of the
photoconductor when the latent electrostatic image is devel-
oped. F 909


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether two or more documents pro-
duced with toner technology are from the same device, whether
a particular device created the document, or the determination
of the make or model of a device.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded. Limitations can be
due to the generation of the document(s) limited quantity or
comparability, or condition of the items submitted for exami-
nation. Such features are taken into account in this guide.


5.2 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
The effects can include, but are not limited to, partial destruc-
tion of the paper, stains, and deterioration of the toner.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations. Consideration should be given to the possibility
that various forms of manipulation and duplication of toner-
produced items can be generated by computer or other means.
Some toner supply units are interchangeable between different
brands or models of machines. Some toner units are refillable
and toner from suppliers other than the original manufacturer
may be used.


5.3 Some multifunction devices using toner technology can
operate in either printing or copying mode, at different resolu-
tions and can produce both multi-color (for example, CYMK)
black or monochrome (for example, one color black). These
various outputs from one machine have many significant
differences among them.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber


optic lighting systems are generally used. Transmitted illumination, side
lighting, and vertical incident lighting may be useful in a variety of
situations.


6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Rulers in S.I., U.S. Customary Units, printers’ measure,
and desktop publishing units.


6.4 Other apparatus as appropriate (for example, measuring
grids and magnetic detectors).


6.5 Imaging or other equipment for recording observations
as required.


6.6 Reference materials that aid in the determination of a
manufacturer.


6.7 Sufficient time and facilities to complete all applicable
procedures.


7. Procedures


7.1 All applicable procedures shall be performed and noted
when appropriate. These procedures need not be performed in
the order given. Examinations performed, relevant observa-
tions, and results shall be documented.


7.2 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.3 Determine whether the submitted questioned docu-
ment(s) was produced with toner technology. If not, discon-
tinue examination and report accordingly.


7.4 Determine whether the examination is a comparison of
a questioned document(s) to a known document(s), a compari-
son of a questioned document(s) to a questioned document(s),
or is another type of examination of a questioned document(s)
(for example, to determine date limitations or class of ma-
chine).


7.5 Determine whether the questioned document(s) is suit-
able for examination, or comparison, or both. If it is not
suitable, discontinue the procedure and report accordingly.
Factors that affect the suitability include clarity, detail, or
condition of the document.


7.6 If no known document(s) or device(s) was submitted, go
to 7.11.


7.7 If a known document(s) is submitted, determine whether
the known document(s) is suitable for examination, or com-
parison, or both. If it is not suitable, discontinue the procedure
and report accordingly. Factors that affect the suitability
include clarity, detail, or condition of the document.


7.8 If the original is not submitted, evaluate the quality of
the best available reproduction to determine whether signifi-
cant details have been reproduced with sufficient clarity for
comparison purposes and proceed to the extent possible. If the
reproduction is not of sufficient clarity for comparison pur-
poses, discontinue these procedures and report accordingly.


7.9 If a device is examined, its condition should be noted.
Service records should be requested and pertinent information
noted and recorded.
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7.9.1 Discussion—Consultation with a qualified technician
may be advantageous or necessary.


7.9.2 Note the capabilities, features, and settings of any
variable features on each device examined. If the device has
internal memory, retain or recover any stored information.


7.9.3 Note visible external components of the device such as
the platen, slit glass, collators and cover/automatic document
feeder that may contain physical evidence, obstructions, debris,
correction fluid, marks, or scratches.


NOTE 2—Before taking exemplars, consideration must be given to the
possible destruction or loss of physical evidence within the device (for
example, fragments torn from the questioned document).


7.10 Prepare appropriate exemplars, taking into consider-
ation the features of the device and possible chemical toner
examinations.


7.10.1 Note damage to easily accessible internal compo-
nents of the device such as the fuser rollers or imaging drum.


7.10.2 If applicable, take additional exemplars.
7.10.3 If none of the exemplars are suitable for comparison


and no others are obtained, discontinue these procedures and
report accordingly.


7.11 Examine the questioned item(s), or the questioned and
known item(s).


7.11.1 Examination(s) for indentations (Guide E 2291) may
be performed for the purpose of visualizing indented writing or
physical characteristics such as marks from the paper transport
mechanism.


7.11.2 Various illumination techniques (color filtered, infra-
red, or ultraviolet) may be used to provide additional informa-
tion, such as security features or stains.


7.11.3 Examination(s) for alterations may be performed.
7.11.4 Identification of the typestyle(s) may provide useful


information (for example, dating information).
7.11.5 Compare class characteristics (for example, paper


type, paper supply system, toner type, marks caused by
mechanics, color capability). If significant unexplainable dif-
ferences exist, discontinue and report accordingly.


NOTE 3—Some toner supply units are interchangeable among different
brands or models of machines and some units are refillable.


7.11.5.1 If possible, classify the device used to produce a
questioned document(s). When identifying a manufacturer of a
questioned item(s), refer to laboratory and published industry
resources. If necessary, contact the device manufacturer or
distributor for further information.


7.11.6 Compare individualizing characteristics such as se-
curity features, wear and damage defects, misalignments,


reproducible marks, voids, and improper or extraneous toner
transfer. Perform and note critical measurements, where
needed.


7.11.6.1 Discussion—Marks may not appear on every suc-
cessive page but will often appear in the same position relative
to one or more edges of the sheet (assuming the same paper
orientation). Two or more marks with a similar cause usually
maintain a fixed spatial relation to each other and/or to the
image area of the copy.


NOTE 4—Successive copying on the same machine can make marks
slightly out of register. Doubling or tripling of a pattern of dots or marks
indicates, respectively, two or three generations of copies on the same
machine. Copies from more than one device will usually bear the
distinctive marks of each machine.


7.12 Evaluate similarities, differences, and limitations. De-
termine their significance individually and in combination.


7.13 Reach a conclusion according to the criteria set forth in
Section 8.


8. Report


8.1 Conclusion(s), opinion(s), or findings resulting from the
procedures in this guide may be reached once sufficient
examinations have been conducted. The number and nature of
the necessary examinations is dependent on the question at
hand.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or findings should be included in the examiner’s documenta-
tion and may also be included in the report.


8.3 Identification—If there are no significant differences
between two or more items and there is agreement in signifi-
cant individualizing characteristics, identification is appropri-
ate. There may be limitations.


8.4 Elimination—If significant differences between two or
more items are found at any level of the analyses, an elimina-
tion may be appropriate. There may be limitations. There may
be similarities.


8.5 Qualified Opinions—When there are limiting factors
and the examination reveals similarities or differences of
limited significance between two or more items, the use of
qualified opinions can be appropriate. This opinion requires
explanation of the limiting factors.


8.6 No Conclusion—When there are significant limiting
factors, a report that no conclusion can be reached is appro-
priate. This opinion requires explanation of the limiting factors.


9. Keywords


9.1 facsimile devices; forensic sciences; photocopiers; ques-
tioned documents; toner
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Designation: E 2288 – 03


Standard Guide for
Physical Match of Paper Cuts, Tears, and Perforations in
Forensic Document Examinations 1


This standard is issued under the fixed designation E 2288; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides procedures that should be used by
forensic document examiners (E 444) for examinations and
comparisons to determine whether or not two or more paper
fragments were at one time joined to form a single piece of
paper.


1.2 These procedures are applicable whether the examina-
tion(s) and comparison(s) is of questioned and known items or
of exclusively questioned items.


1.3 These procedures include evaluation of the sufficiency
of the material available for examination.


1.4 The particular methods employed in a given case will
depend upon the nature sufficiency of the material available for
examination.


1.5 This guide may not cover all aspects of unusual or
uncommon examinations.


1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use.


2. Referenced Documents


2.1 ASTM Standards:
E 444 Guide for Descriptions of Scopes of Work Relating to


Forensic Document Examiners2


E 1732 Terminology Relating to Forensic Science2


E 2195 Terminology Relating to the Examination of Ques-
tioned Documents2


3. Terminology


3.1 Definitions—For definitions of terms in this guide, refer
to Terminology E 1732 and Terminology E 2195.


4. Significance and Use


4.1 This guide is intended for, but may not be limited to,
physical match examinations of paper items. The physical
matching or realignment of items of evidence may occur in two
or three dimensions.


4.2 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these
procedures, a forensic document examiner can reliably reach
an opinion concerning whether or not two or more paper
fragments were at one time parts of a single piece of paper.


5. Interferences


5.1 Items submitted for examination may have inherent
limitations that can interfere with the procedures in this guide.
Limitations should be noted and recorded.


5.2 Limitations can be due to limited quantity, or compara-
bility, or condition of the items submitted for examination. The
condition of a paper sample may make it unsuitable for some
types of examinations (for example, items that are water
soaked, stained, soiled, charred, or finely shredded paper).Such
features are taken into account in this guide.


5.3 The results of prior storage, handling, testing, or chemi-
cal processing (for example, for latent prints) may interfere
with the ability of the examiner to see certain characteristics.
Whenever possible, document examinations should be con-
ducted prior to any chemical processing. Items should be
handled appropriately to avoid compromising subsequent ex-
aminations (for example, with clean gloves).


5.4 In the absence of individual characteristics, it may only
be possible to demonstrate an association between two or more
items through the commonality of class characteristics.


6. Equipment and Requirements


6.1 Appropriate light source(s) of sufficient intensity to
allow fine detail to be distinguished.


NOTE 1—Natural light, incandescent or fluorescent sources, or fiber
optic lighting systems are generally utilized. Transmitted lighting, side
lighting, and vertical incident lighting have been found useful.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved March 10, 2003. Published April 2003.
2 Annual Book of ASTM Standards, Vol 14.02.
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6.2 Magnification sufficient to allow fine detail to be distin-
guished.


6.3 Other apparatus as appropriate. Aids in the examination
process can include clamps, clips, temporary adhesives, and
other materials that will not adversely affect the specimen(s).


6.4 Imaging or other equipment for recording observations
as required.


6.5 Sufficient time and facilities to complete all applicable
procedures.


7. Procedure


7.1 All procedures shall be performed when applicable and
noted when appropriate. These procedures need not be per-
formed in the order given.


7.2 Examinations performed, relevant observations, and
results shall be documented.


7.3 At various points in these procedures, a determination
that a particular feature is not present or that an item is lacking
in quality or comparability may indicate that the examiner
should discontinue or limit the procedure(s). It is at the
discretion of the examiner to discontinue the procedure at that
point and report accordingly or to continue with the applicable
procedures to the extent possible. The reasons for such a
decision shall be documented.


7.4 Determine whether or not the specimens are broken or
separated.


7.5 Determine whether or not the specimens are suitable to
be physically realigned.


7.6 Evaluate the specimens for individualizing characteris-
tics.


7.7 Conduct a side-by-side comparison of the specimens
using the following steps:


7.7.1 Visual inspection.
7.7.2 Manual alignment.
7.7.3 Edge-to-edge realignment.
7.7.4 Surface markings.


7.7.5 Measurements and pattern count.


NOTE 2—Consideration should be given to repackaging the items in a
manner that preserves fragile match areas, facilitates recovery, and permits
demonstration.


7.8 Evaluate similarities, differences, and limitations. Deter-
mine their significance individually and in combination.


7.9 Reach a conclusion and report accordingly


8. Report


8.1 Conclusion(s), or opinion(s), or other finding(s) result-
ing from the procedures in this guide may be reached once
sufficient examinations have been conducted.


8.2 The bases and reasons for the conclusion(s), opinion(s),
or finding(s) should be included in the examiner’s documen-
tation and may also be included in the report.


8.3 Once examinations and comparisons have been com-
pleted, reports may include, but are not limited to, the
following types of conclusions and other findings.


8.3.1 The paper fragments were at one time joined to form
a single piece of paper.


8.3.2 Although class similarities were observed, there were
insufficient individual features to determine whether or not the
paper fragments were at one time joined to form a single piece
of paper.


8.3.3 The paper samples did not originate from a single
piece of paper.


NOTE 3—As a result of the reconstruction of the paper fragments,
additional examinations (for example, latent prints or indentations) may
be appropriate. The report may also include information such as the visible
text, indentations, and contaminants observed following reconstruction.


9. Keywords


9.1 cut paper; forensic sciences; fracture fit; fracture match;
paper fragments; perforations; physical match; questioned
documents; torn paper
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Designation: E 2388 – 05


Standard Guide for
Minimum Training Requirements for Forensic Document
Examiners1


This standard is issued under the fixed designation E 2388; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide provides minimum requirements and proce-
dures that should be used for the fundamental training of
forensic document examiners (E 444).


1.2 This guide may not cover all aspects of training for the
topics addressed or for unusual or uncommon examinations.


1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Standard Descriptions of Scope of Work Relating to
Forensic Document Examiners


E 1732 Terminology Relating to Forensic Science
E 2195 Terminology Relating to Forensic Document Ex-


amination


3. Terminology


3.1 Definitions:
3.1.1 technical visit, n—travel for the purpose of obtaining


information, knowledge, or training, including interaction with
or demonstration by pertinent manufacturers, businesses, and
laboratories.


3.1.2 For definitions of terms in this guide, refer to Termi-
nologies E 1732 and E 2195.


4. Significance and Use


4.1 The procedures outlined here are grounded in the
generally accepted body of knowledge and experience in the
field of forensic document examination. By following these


requirements and procedures, an appropriate trainee (see 5.2)
can acquire the scientific, technical, and other specialized
knowledge, skill, and experience required to reliably perform
the work of a forensic document examiner (E 444).


5. Equipment and Personnel


5.1 Training Materials and Equipment:
5.1.1 Access to texts, periodicals, papers, and other profes-


sional literature.
5.1.2 Access to equipment appropriate to each area of


instruction.
5.2 Requirements for the Trainee Candidate:
5.2.1 An earned baccalaureate degree or equivalent from an


accredited college or university.
5.2.2 Documented successful completion of a form dis-


crimination test.
5.2.3 Documented successful completion of a color percep-


tion test.
5.2.4 Documented successful completion of near and distant


visual acuity tests with best corrected vision within six months
prior to commencement of training.


5.3 Requirements for the Trainer(s):
5.3.1 Requirements for the principal trainer:
5.3.1.1 The principal trainer shall be a forensic document


examiner;
5.3.1.2 Have successfully completed the equivalent of a


minimum of 24 months full-time supervised training;
5.3.1.3 Have been trained in the topics of instruction in this


guide (Section 7); and
5.3.1.4 Have at least five years of full-time post-training


experience as a forensic document examiner.
5.3.1.5 All of the above should be documented.
5.3.1.6 The principal trainer should have successfully com-


pleted a course or seminar in instructor development.
5.3.2 The qualifications of any other trainers shall be


approved by the principal trainer.


6. Procedure


6.1 The training program shall be the equivalent of a
minimum of 24 months full-time training under the supervision
of a principal trainer.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Sept. 15, 2005. Published October 2005.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or


contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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6.1.1 The training program shall be successfully completed
in a period not to exceed four years.


6.1.2 Each area of instruction will have an objective(s)
established by the principal trainer. Examination(s) (for ex-
ample, written test, oral test, practical exercise) will be
administered in order to measure the trainee’s knowledge.


NOTE 1—Although attending meetings and presentations is useful as
supplemental training, it does not replace the training outlined in Section
7 of this guide. However, the principal trainer may grant credit to the
trainee for knowledge (as per Section 7) acquired at such meetings and
presentations.


6.1.3 The principal trainer may grant credit for prior training
or experience in Section 7 subject areas when the trainee can
demonstrate and document such training or experience.


6.1.4 A training record for each trainee will be maintained
and will document the following:


6.1.4.1 Instruction in each topic area.
6.1.4.2 A bibliography of relevant literature studied.
6.1.4.3 Examination(s) (for example, written test, oral test,


practical exercise).
6.1.4.4 Case statistics (for example, number, type, items,


reports).
6.1.4.5 Outside training, technical visits, courses, confer-


ences, or workshops attended.
6.1.4.6 Research conducted.


7. Syllabus


7.1 A formal written training program will include specific
topics of instruction. The order in which they are administered
is discretionary; however, the amount of time must be adequate
to ensure competency in all topic areas. The minimum specific
topics are:


7.2 Introduction and History of Forensic Document Exami-
nation:


7.2.1 Ethical responsibilities.
7.2.2 Literature of the field.
7.2.3 Evolution of the field.
7.2.4 Historical cases.
7.2.5 Scientific method.
7.2.6 Research methodology.
7.3 Evidence Handling Procedures:
7.3.1 Procedures and protocols.
7.3.2 Relationship of forensic document examination to


other forensic disciplines.
7.3.3 Collection and preservation.
7.3.4 Marking and documentation.
7.3.5 Chain of custody.
7.4 Examination Procedures:
7.4.1 Procedures and protocols.
7.4.2 Theory of individualization.
7.4.3 Case organization.
7.4.4 Note taking.
7.4.5 Conclusions and findings.
7.4.6 Report writing.
7.5 Laboratory Instrumentation and Equipment:
7.5.1 Procedures and protocols.
7.5.2 Physics of light pertinent to forensic document exami-


nation procedures.


7.5.3 Microscopy.
7.5.4 Measuring systems and devices.
7.5.5 Light sources.
7.5.6 Electrostatic detection devices.
7.5.7 Typewriter examination devices.
7.5.8 Computers and peripherals.
7.5.9 Other relevant laboratory equipment.
7.6 Paper:
7.6.1 Procedures and protocols.
7.6.2 History of paper.
7.6.3 Manufacturing processes.
7.6.4 Physical properties (for example, light-reactive, wa-


termarks, dimensions, security features).
7.6.5 Physical matches (for example, fibers, tears, edge


striations).
7.6.6 Tapes and adhesives.
7.6.7 Indentations.
7.7 Writing Instruments and Inks:
7.7.1 Procedures and protocols.
7.7.2 History of writing instruments and inks.
7.7.3 Properties of inks.
7.7.4 Destructive and nondestructive analyses of inks.
7.7.5 Writing instrument characteristics.
7.7.6 Sequence, direction, and pressure of strokes.
7.8 Handwriting (including Cursive or Script Style Writing,


Hand Printing, Signatures, Numerals, and Other Written
Marks or Signs):


7.8.1 Procedures and protocols.
7.8.2 History and theory.
7.8.3 Physiology of handwriting and motor control.
7.8.4 Handwriting systems.
7.8.5 Handwriting comparison process.
7.8.6 Individualizing characteristics (individual and class).
7.8.7 Features of handwriting (for example, variation, line


quality, skill level).
7.8.8 Distorted handwriting.
7.8.9 Factors affecting handwriting (internal and external).
7.8.10 Tracings and simulations.
7.8.11 Other handwriting problems.
7.9 Alterations, Obliterations, and Erasures:
7.9.1 Procedures and Protocols.
7.9.2 Types of alterations (for example, page substitution,


insertion).
7.9.3 Types of obliterations (for example, opaquing fluid,


over-writing, chemical).
7.9.4 Types of erasures (physical and chemical).
7.9.5 Detection and decipherment techniques.
7.10 Typewriters:
7.10.1 Procedures and protocols.
7.10.2 History of typewriters.
7.10.3 Fundamentals of typewriter examination (individual-


ization and comparison).
7.10.4 Typestyle classification.
7.10.5 Typing and correction ribbon examinations.
7.10.6 Paper fiber transfer.
7.11 Computer Printers:
7.11.1 Procedures and protocols.
7.11.2 History of computer printers.
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7.11.3 Fundamentals of computer printer examinations (in-
dividualization and comparison).


7.11.4 Computer printing processes (impact and nonim-
pact).


7.11.5 Font classification.
7.12 Photocopiers:
7.12.1 Procedures and protocols.
7.12.2 History of photocopiers.
7.12.3 Electrostatic and other imaging processes.
7.12.4 Fundamentals of examination (individualization and


comparison).
7.12.5 Alteration and manipulation techniques.
7.13 Facsimiles:
7.13.1 Procedures and protocols.
7.13.2 History of facsimile machines.
7.13.3 Imaging processes.
7.13.4 Fundamentals of examination (individualization and


comparison).
7.13.5 Alteration and manipulation techniques.
7.14 Printing Processes:
7.14.1 Procedures and protocols.
7.14.2 History of printing.
7.14.3 Typography.
7.14.4 Characteristics of printing processes.
7.14.5 Fundamentals of examination (individualization and


comparison).
7.14.6 Security features.
7.15 Mechanical Impressions:
7.15.1 Procedures and protocols.
7.15.2 History of devices (for example, check writers,


rubber and polymer stamps, paper binders, staples, embossing
devices, seals and stamped impressions, fasteners, hole punch-
ers).


7.15.3 Fundamentals of examination (individualization and
comparison).


7.16 Charred and Soaked Documents:


7.16.1 Procedures and protocols.
7.16.2 Care and preservation.
7.16.3 Examination and decipherment.
7.17 Photography and Digital Imaging:
7.17.1 Procedures and protocols.
7.17.2 General photography.
7.17.3 Document photography.
7.17.4 Digital photography.
7.17.5 Digital imaging techniques.
7.17.6 Alteration and manipulation techniques.
7.17.7 Image editing software.
7.18 Miscellaneous Examinations:
7.18.1 Dependent upon the capabilities or requirements of


the laboratory.
7.19 Expert Witness and Legal Proceedings:
7.19.1 Procedures and protocols.
7.19.2 Terminology.
7.19.3 Relevant law.
7.19.4 Adjudication systems.
7.19.5 Effective communication.
7.19.6 Courtroom demeanor.
7.19.7 Preparation and use of demonstrative exhibits.
7.19.8 Observation of pre-trial conferences and testimony


of experts, actual or mock.
7.19.9 Participation as an expert witness in mock trials.
7.20 Practical Experience:
7.20.1 Supervised casework.
7.20.2 Training or observation at other forensic document


laboratories is recommended.
7.20.3 Supplemental education (for example, courses, semi-


nars, technical visits, workshops).


8. Keywords


8.1 forensic document examination; forensic document ex-
aminer; forensic sciences; questioned documents; training
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Designation: E 1422 – 05


Standard Guide for
Test Methods for Forensic Writing Ink Comparison1


This standard is issued under the fixed designation E 1422; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


INTRODUCTION


This guide is intended to be a general guide for forensic ink examinations, both for the experienced
document examiner (E 444) and for forensic ink comparison specialists. The aim is to include those
techniques that will provide the most information about an ink with the least damage to the document.
Therefore, this guide refers to well-reported and thoroughly tested techniques currently in use by
document examiners in general practice and dedicated forensic ink comparison facilities.


By following the procedures outlined here, an examiner can accurately discriminate ink formulas
and reduce the possibility of false matches of ink samples from different sources or incorrect
differentiation of ink samples with a common origin.


1. Scope


1.1 This Guide is intended to assist forensic examiners
comparing writing or marking inks. Included in this analysis
scheme are the necessary tools and techniques available to
reach conclusions as to the common or different origin of two
samples of ink.


1.2 Identifying ink formulas as to their manufacturer or time
of manufacture as well as performing ink dating examinations
are beyond the scope of this guide.


1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


D 1535 Practice for Specifying Color by the Munsell Sys-
tem
E 131 Terminology Relating to Molecular Spectroscopy
E 284 Terminology of Appearance
E 444 Descriptions of Scope of Work Relating to Forensic
Document Examiners
2.2 NIST Standards:


NBS Standard Sample No. 2106 ISCC-NBS Centroid Color
Charts3


NBS Special Pub. 440 Color: Universal Language and
Dictionary of Names3


3. Terminology


3.1 Definitions:
3.1.1 batch to batch variation—within an ink formulation,


difference in the concentration of a component of an ink
formula due to deviations during production that are within the
manufacturer’s tolerance limit.


3.1.2 chromatography—a method of separating substances
that is widely used in analytical and preparative chemistry. It
involves the flow of a liquid or gas mobile phase over a solid
or liquid stationary phase. As the mobile phase flows past the
stationary phase, a solute will undergo repeated adsorption and
desorption and move along at a rate depending, among other
factors, on its ratio of distribution between two phases. If their
distribution ratios are sufficiently different, components of a
mixture will migrate at different rates and produce a charac-
teristic pattern (chromatogram).


3.1.3 fluorescence—a process by which radiant flux of
certain wavelengths is absorbed and reradiated nonthermally at
other, usually longer, wavelengths. (E 284)


3.1.4 infrared (IR)—referring to radiant flux having wave-
lengths longer than the wavelengths of light, usually wave-
lengths from about 760 nm to about 3 mm. (E 284)


3.1.5 light—electromagnetic radiant energy that is visually
detectable by the normal human observer, radiant energy
having wavelengths from about 380 nm to about 780 nm.


1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Dec. 1, 2005 Published January 2006. Originally
approved in 1991. Last previous edition approved in 2001 as E 1422 – 01.


2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.


3 Available from U.S. Department of Commerce, National Bureau of Standard
Reference Materials, R. B311, Chemistry Building, Gaithersburg, MD 20899.
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(E 284)
3.1.6 luminescence—the emission of radiant energy during


a transition from an excited electronic state of an atom,
molecule or ion to a lower electronic state. (E 131)


3.1.7 metamers—specimens differing in spectral reflectance
but having colors that match in light of one spectral composi-
tion, when viewed by one observer, but may not match in light
of other spectral compositions, or when viewed by another
observer. (E 284)


3.1.8 spectroscopy—in the most general sense spectroscopy
is the study of the absorption or emission of electromagnetic
energy by a chemical species as a function of the energy
incident upon that species.


3.1.9 source—an object that produces light or other radiant
flux. (E 284)


3.1.10 ultraviolet (UV)—referring to radiant flux having
wavelengths shorter than the wavelengths of light, usually
wavelengths from about 10 nm to 380 nm.


3.1.10.1 Discussion—Long-wave UV usually refers to the
spectral range of UV-A, with wavelengths from about 315 nm
to 380 nm. Short wave UV usually refers to the spectral range
of UV-C, with wavelengths from about 100 nm to 280 nm.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 ballpoint pen ink—writing or marking media intended


for use in a ball point pen. Typically, a thick, high viscosity ink
with an oil, glycol or rubber base.


3.2.2 dichroic filter—a filter with two transmission bands.
These bands are usually widely separated, and can be of
significantly different size.


3.2.3 gel pen ink—writing or marking media intended for
use in a “gel-type” roller pen. Gel pen inks constitute a unique
class of non-ballpoint pen inks. Typically, gel pen ink is an
aqueous ink of high viscosity, capable of maintaining a stable
dispersed or dissolved state of the coloring material even after
a prolonged period and exhibiting high fluidity under a
shearing force. The ink contains a coloring material (pigment
or dyes), acid-modified heteropolysaccharide and aqueous
medium (water and water-soluble organic solvent), in which
water constitutes at least 50 % by weight. Due to the incorpo-
ration of pigments into these formulations, the procedures
outlined in this guide for TLC evaluations will be of limited
value.


3.2.4 infrared luminescence (IRL)—the emission of radiant
energy during a transition from an excited electronic state of an
atom, molecule or ion to a lower electronic state (fluorescence
or phosphorescence, or both), where the spectrum of the
excitation source is in the ultraviolet (UV) or visible region of
the electromagnetic spectrum, or both, and the spectrum of the
emitted energy is in the far red or infrared (IR) region of the
electromagnetic spectrum.


3.2.5 ink formula—a precise recipe or set of ingredients and
their quantities that the manufacturer specifies for the final ink
product. These ingredients are colorants (dyes and pigments)
and vehicle components (volatile solvents, resins, etc.).


3.2.6 match between ink samples—the inability to distin-
guish between ink samples at a given level of analysis.


3.2.7 non-ballpoint pen ink—writing or marking media
intended for use in a writing or marking instrument other than


a ballpoint pen, including a dip or fountain pen, porous point
pen, roller pen, marking instrument, etc. Typically, a thin, low
viscosity ink with a water or solvent base.


4. Significance and Use


4.1 Ink comparisons are usually performed to answer four
basic categories of question: (1) whether an ink is the same (in
formula) as that on other parts of the same document or on
other documents; (2) whether two writings with similar ink
have a common origin, that is, the same writing instrument or
ink well; (3) whether the ink of entries dated over a period of
time is consistent with that dating or indicates preparation at
one time; (4) whether ink is as old as it purports to be (1).4


4.2 The procedures set forth in this guide are directly
applicable to giving a full answer to only the first of these four
questions.


4.3 With regard to the second question, differentiation of
formula (question one) would indicate a negative answer to this
question, as would differentiation with any of the additional
methods listed in Section 3. When dealing with contemporary
inks, however, a match of ink samples involving agreement in
all observable aspects of all the techniques considered in this
guide, while consistent with common origin, would not be
sufficient to support a definite opinion of common origin (2).
Contemporary ink rarely has sufficient individuality to support
a determination of common origin at less than the manufac-
turing batch level.


NOTE 1—Contemporary mass-produced inks are usually distributed as
a component in a complete writing instrument or in a cartridge. With such
packaging the ink is not subject to the mixing of inks and exposure to
environmental contamination that could individualize ink from a given ink
well at a specific point in time (1, 3). This sort of analysis, potentially
useful in the examination of older documents or those prepared under
certain circumstances, is beyond the scope of this guide, as is examination
of the ink line to individualize the writing instrument that produced it
based on its performance characteristics.


4.4 As to the third and fourth questions involving the age of
ink, dating techniques for determining either the relative age of
ink samples (from the same or different documents) or the
absolute amount of time since the writing of an ink line are also
beyond the scope of this guide.


4.5 However, regarding question three, it may be of great
importance in a forensic situation involving writing dated over
a period of time to determine that one or more than one ink
formula is present, that the use of various ink formulas fits a
pattern, that a particular ink formula matches samples of a
known date, etc.


4.6 As to the last question, a limit as to the possible age of
an ink entry can be inferred by establishing the date of first
production of the ink formula. Although beyond the scope of
this guide, identifying ink formulas as to their manufacturer or
time of manufacture utilizes many of the analytical procedures
described here. Specialized knowledge and experience on the
part of the examiner, as well as access to a collection or library
of ink reference samples is also required.


4 The boldface numbers in parenthesis refer to the list of references at the end of
this guide.
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4.6.1 Such an ink library consists of samples of ink formulas
from known sources, usually manufacturers of ink, or writing
or marking instruments, or a combination thereof. The ink
reference samples are usually cataloged, analyzed, and stored
according to the methods described in Refs (2, 4, 5 and 6).
Even with access to a comprehensive collection, association of
an unknown ink sample with a single known formula is not
always possible. This is because some ink formulas are not
distinguishable, however, in most cases the analytical proce-
dures outlined here are sufficiently discriminating that formulas
are distinguishable.


4.7 Comparison of ink samples by analysts without an ink
library can still provide valuable information. However, added
significance can be given to the meaning of a match if the
relative rarity or commonness of the ink formula is known.
Familiarity with or access to a comprehensive reference
collection of inks is useful for this purpose.


4.8 In expressing conclusions it should be remembered that
a match indicates that the ink samples are of the same formula
or of two similar formulas with the same nonvolatile compo-
nents. The possibility that other analytical techniques might be
able to differentiate them should always be considered (2).


4.8.1 Therefore, conclusions in this situation should never
indicate that two ink samples are “identical” or “the same ink,”
but must be limited to statements indicating “inability to
distinguish the ink samples at this level of analysis” or
“exhaustive chemical and physical testing failed to detect any
differences between the ink samples” (2).


5. Interferences


5.1 Most interferences with ink examinations come from
variables that interact with the ink. These can be part of the
writing process, such as blotting wet ink (1, 2), or variations in
the paper (7), or various forms of contamination on the
document (7, 8), or a combination thereof. Simple precautions
can usually avoid problems.


5.2 Note and record any differences in the substrate, such as
the use of different paper for different documents or pages of a
multipage document. Also note and record variations in the
document, such as a signature written over a photograph on an
identity document, multicolored paper with different dyes or
colors of underprinting, intersections with printed or typed
material, etc. (7, 8).


5.3 The results of prior handling or testing should also be
noted and recorded. These effects can include discoloration or
fading from ageing, exposure to light or heat, as well as stains
from food or drink, dirt or grease, cellophane or other tape,
adhesives, perspiration or finger smudges, water, or chemicals,
including ninhydrin or other reagents for visualizing latent
friction ridge impressions, etc. (7, 8, 9).


5.4 In optical examinations care should be taken to consider
the potential effects of these variables (7, 8). In chemical
analyses paper blanks should be run as controls for these
variables (4, 5).


6. Reagents and Equipment


NOTE 2—It is important that all reagents are uncontaminated.


6.1 Purity of Reagents—Reagent Grade.


6.2 Purity of Water—Distilled or equivalent.
6.3 Reagents for Spot Testing, Solubility Testing, and TLC


Extraction Solvents:
6.3.1 Pyridine.
6.3.2 Ethanol.
6.3.3 Water.
6.3.4 Other reagents as required by Refs (1, 3, and23).
6.4 Reagents for Thin Layer Chromatography (TLC) Devel-


oping Solvents:
6.4.1 Solvent System I—Ethyl acetate, ethanol, water


(70 + 35 + 30).
6.4.2 Solvent System II—N-butanol, ethanol, water


(50 + 10 + 15).
6.5 Other ink extracting solvents and developing solvents in


accordance with Refs (5, 6, and 10).
6.6 Equipment for Optical Examinations:
6.6.1 Stereomicroscope:


NOTE 3—Five to one hundred power total magnification is a range that
has been found useful.


6.6.2 UV Lamps or View Box, with both long-wave UV and
short-wave UV lamps.


6.6.3 Colored Filters, (gelatin, colored glass, interference
filters) as needed for visual and photographic differentiation of
inks.


6.6.4 Dichroic Filters, See Ref (11).
6.6.5 Photographic or other imaging equipment with appro-


priate film or other sensor, lighting, and filters for differentia-
tion of ink samples.


6.6.6 Photographic or other imaging equipment with appro-
priate film or other sensor, lighting, and filters for recording
reflected infrared (RIR) and infrared luminescence (IRL).


6.6.7 IR image conversion device or system with appropri-
ate light sources and filters for use in RIR and IRL modes as
well as appropriate photographic or other imaging equipment,
computer hardware and software for image acquisition or
processing, or both.


6.6.8 Barrier Filters for RIR and IRL—Long pass filters,
preferably sharp cut, that block visible flux. Suitable gelatin,
colored glass, and interference filters are commercially avail-
able (12, 13, 14).


NOTE 4—Since ink reactions can vary, it is advisable to use a series of
filters with cut on wavelengths from the red through the IR range of the
film or detector.


6.6.9 Excitation Source for IRL—Sources include: a con-
tinuous spectrum lamp with a filter to eliminate flux in the IR
and far red region of the spectrum, for example, a 10 % to 15 %
solution of copper sulfate in a cell with a 1 cm to 3 cm light
path, or appropriate colored glass or interference filters; or
lasers or other monochromatic sources.


NOTE 5—A variety of sources with different spectral distributions or a
variety of filters on a continuous spectrum source may be helpful in
discriminating ink samples.


When using a filtered source it is advisable to use a heat absorbing filter
between the source and the filter. This both protects the filter (15) and
eliminates a significant portion of the undesirable IR flux.


6.6.10 Photographic or other imaging equipment for record-
ing observations as required.
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6.7 Equipment for Spot Testing, Solubility Testing, and
TLC—It is important that all equipment is uncontaminated.


6.7.1 Stereomicroscope (See Note 2).
6.7.2 Hypodermic Needle, with an approximately 20 gage


hollow boring point or blunted point, scalpel or similar
sampling device.


6.7.3 Disposable Vial or Transparent Sample Container—1
dram or smaller suggested.


6.7.4 Disposable Micropipettes—10 µL or smaller sug-
gested.


6.7.5 Precoated Plastic or Glass Sheets/Plates of Silica Gel,
without fluorescent indicator (60 Å pore size5 ).


NOTE 6—It is recommended that the TLC sheets/plates be kept in a
desiccator.


6.7.6 Glass Developing Tank with Air Tight Cover—This
tank should be the appropriate size for the sheet/plate being
developed.


6.7.7 UV Lamps or View Box, with both long-wave UV and
short-wave UV lamps.


6.8 Appropriate equipment for the additional methods listed
in Section 8.


6.9 All equipment and apparatus shall be properly main-
tained and calibrated.


7. Procedure


NONDESTRUCTIVE OPTICAL EXAMINATIONS


7.1 Light Examination:
7.1.1 Determine the Class of Ink—Under ambient lighting


conditions (natural or artificial), with or without the aid of
magnification as required, determine whether the class of the
ink is ballpoint pen or non-ballpoint pen (6). Observe the
overall appearance of the writing. Note and record anything
that might provide information about the kind of writing or
marking instrument used. For example, if there is an indenta-
tion down a central track, then the writing instrument may be
a ballpoint pen or rolling ball marker. Double indentations may
indicate a bifurcated nib dip pen or fountain pen. This step may
be performed with the use of reference standards prepared with
various classes of writing instruments on different substrata.


7.1.2 Determine the Condition of the Ink and the Overall
Appearance of the Writing—Note and record the presence of
anything that might have induced a change in the ink as
described in Section 2; for example, stains, burns, aging,
blotting, fading, attempts at mechanical erasure or chemical
eradication, discolorations, etc.


7.1.3 Determine the Color of the Ink—Inks that are metam-
ers can sometimes be differentiated by the use of illuminants
with varying color temperatures or spectral characteristics, as
well as by narrow band or laser illumination. Various filters can
also be used for direct viewing, photography, or electronic
viewing, including wide and narrow band, short and long pass,
and dichroic filters (1, 6, 11, 16) .


NOTE 7—The use of standard color notation may be helpful in


recording these observations. (NBS Standard Sample No. 2106, NBS
Special Pub. 440)


7.1.4 Microspectrophotometry (17) can be useful in differ-
entiating inks by measuring their wavelengths of maximum
transmission or reflectance spectra, or both.


7.2 Ultraviolet (UV) Examination:
7.2.1 Observe the ink sample under both long-wave UV and


short-wave UV sources. Note and record the fluorescence
characteristics of the ink as well as the emission of any
fluorescence (18). (See Note 7.)


NOTE 8—Except for some red formulas, few inks fluoresce in their
dried state on paper. A fluorescent halo is occasionally observed around an
ink line; capillary migration of a vehicle component into the substrate is
a known cause.


7.2.2 Note and record any effect of the substrate. Strong
fluorescence of the paper may affect the observer’s perception
of the ink.


7.2.3 UV examination may reveal indications that the docu-
ment has been stained by chemicals or other material that may
affect the ink comparison as discussed in Section 5 (7, 8, 9).
These can include the detection of the use of chemical ink
eradicators, liquid or dry opaquing material, cellophane or
other tape, adhesives, etc., that may have significance beyond
the ink comparison. These should be noted and recorded.


7.3 Infrared (IR) Examination:
7.3.1 Determine the Reflected Infrared (RIR) and Infrared


Luminescence (IRL) characteristics of the ink: As these effects
are beyond the range of human vision, some technological
extension of the eye is required.


7.3.1.1 These characteristics may be photographed with IR
sensitive film or observed directly with an IR image conversion
device (7, 8, 11, 15, 16, 19, 20, 21). With either system, a
suitable barrier filter is required in front of the lens to block
visible flux (see 6.6.8 and Note 4). For IRL a suitable excitation
source will also be required (see 6.6.9 and Note 5).


NOTE 9—Both photographic and electronic systems work well; each
has its advantages and drawbacks.


Photography provides a permanent, high resolution record of results
and long exposures can capture faint luminescence. However, exposures
can be long (up to 20 min. for faint luminescence), and considerable
experience is required before dispensing with time consuming bracketing
in a series of exposures using different filters (19, 20). The amount of time
required for processing and printing may also be a problem.


Electronic systems, including units with image conversion tubes and
closed circuit television systems, have the advantage of real time results,
facilitating optimization of filter combinations, focus, exposure, etc. (21).
These systems are well suited to screening batches of documents (such as
passports) for alterations. However, resolution is limited, some faint
luminescence may not be easy to detect, and separate photographic or
electronic imaging equipment is required to record results. Modern
integrating infrared video cameras are able to detect faint IR information
that cannot be seen otherwise.


7.3.2 Reflected Infrared (RIR):
7.3.2.1 Record the characteristics as opaque or transparent,


indicating the degree of opacity. The more opaque the ink (the
more it absorbs), the darker it will appear; the less opaque, the
lighter it will appear, until it seems to be transparent or to drop
out. An arbitrary four point scale of −3 to 0 (opaque to
transparent) may assist in recording these observations.


7.3.3 Infrared Luminescence (IRL):
5 Merck Silica Gel, Whatman PE SIL G, and Merck HPTLC Silica Gel 60 have


been found satisfactory.
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7.3.3.1 Record the IRL characteristics of the ink relative to
the substrate as darker, similar, or lighter, indicating degree as
appropriate. Ink that luminesces more brightly than the sub-
strate will appear lighter than the substrate; strongly lumines-
cent ink may appear to glow brightly. If ink does not luminesce
or does not luminesce as brightly as the substrate, the ink will
appear darker than the substrate (this is sometimes referred to
as black luminescence or negative luminescence). Ink that
luminesces at an intensity similar to that of the substrate
appears invisible, and is said to drop out. An arbitrary seven
point scale of −3 to 0 to +3 (black to indistinguishable to very
bright) may assist in recording these observations.


NOTE 10—Depending on the characteristics of the substrate and the
combination of source or filters, or both, the appearance of ink samples
with the same formula can vary from nonluminescing to strongly
luminescent. The appearance of ink luminescence can be affected by the
amount of ink and the substrate.


7.3.3.2 A luminescent halo is occasionally observed around
an ink line; capillary migration of a vehicle component into the
substrate is a known cause.


7.3.3.3 Inks that luminesce with similar but not identical
intensity can sometimes be differentiated by placing a nonlu-
minescing or brightly luminescing object behind the substrate
(22).


7.4 When recording UV fluorescence, IR absorption, and
IRL characteristics of an ink sample, it is important to note and
record any influence imparted by the substrate. It is also
important to be aware of factors (such as those discussed in
Section 2) that may affect the results of this portion of the
examination (7, 8, 9).


7.5 The reaction of an ink sample can vary at different
wavelengths. Therefore, in differentiation of ink samples it is
useful to use a range of different light sources, filters, filter
combinations, etc. (16) (See Note 4 and Note 5). In noting and
recording the reaction of the ink sample, also record the source,
filters, etc.


CHEMICAL EXAMINATIONS


7.6 Spot Testing and Solubility Testing:
7.6.1 Spot testing of an ink sample can be done directly on


the substrate. Minimal damage to the document is possible if
the solvents are applied in small amounts to the ink line and the
resulting changes are observed under magnification. Spot
testing of an ink sample can be done on a removed sample, if
performing the test in situ is not indicated. These tests can be
used to differentiate ballpoint and non-ballpoint ink based on
the solvent that solubilizes the vehicle, to determine the proper
extraction solvent for subsequent analysis, or to provide
presumptive information on the colorants used in the ink
formula.


NOTE 11—These tests may consume a great deal of material relative to
the amount of information provided.


7.6.2 Spot tests to determine the solubility or color reaction
of an ink sample to various reagents were once widely used to
differentiate ink formulas and to presumptively identify the
constituents of an ink formula. Information on older ink
formula can be found in Osborn (1) and Mitchell (3). A study


of more modern blue ballpoint inks has been conducted, and an
analytical scheme published (23).


7.6.3 At present spot tests are most often used to differen-
tiate ballpoint and non-ballpoint ink based on the solvent that
solubilizes the vehicle. Ballpoint inks are either oil based or
glycol based. Oil based ballpoint inks were used in the earliest
ballpoint pens. Generally, glycol based ballpoint inks (widely
used since around 1950) are very soluble in pyridine. Inks
formulated for fountain pens, porous point pens, and roller
pens are generally water or alcohol based and compositions
that are readily soluble in ethanol and water (1 + 1) (2).
Indelible markers are solvent based and would generally be
soluble in pyridine. Note and record the results. If TLC is
planned, these results can be used for selecting the appropriate
extracting solvent.


7.6.4 These tests, performed in situ or on a removed sample
with various solvents, can be sufficient to determine that two or
more ink samples are not of the same ink formula. In many
situations, once such a determination is made, further testing
may be unnecessary.


7.7 Chromatography—Thin Layer Chromatography
(TLC)—Many forms of chromatography have been used suc-
cessfully to differentiate writing inks, including paper chroma-
tography, high pressure liquid chromatography (HPLC), gas
chromatography (GC), and thin layer chromatography (TLC).
Except for substrate specific items, the procedure for paper
chromatography is similar to TLC (2, 5).


7.7.1 TLC Sheet/Plate Activation—Activate a TLC sheet/
plate in a pre-heated oven (approximately 100°C for 10 to 15
minutes) immediately prior to spotting. Allow sheet/plate to
cool.


NOTE 12—Heating the sheet/plate merely drives off plate moisture. If
the sheet/plate were stored under ideal desiccate conditions, activation
would theoretically be unnecessary; however, it would still be advisable to
heat the sheet/plate as a precaution.


7.7.2 Sampling for TLC:
7.7.2.1 Using a blunted or hollow boring hypodermic


needle, or similar device, remove a sufficient number of plugs
(usually 7 to 10 plugs of ink from a line are sufficient). If a
scalpel is used, remove about 1 cm of the line. The number of
plugs (or length of line) required depends on the concentration
and solubility of the ink.


7.7.2.2 Avoid sampling areas on a document that may be
contaminated by writing on the reverse, or by stains or other
contaminants on either side. (See Section 2)


7.7.2.3 Place the plugs of ink in a vial.
7.7.2.4 Place the same number of plugs of paper (or the


same size piece of paper) from a control area of the substrate
in another vial.


7.7.2.5 If the writing is limited, microsampling techniques
using a single plug may be necessary (24).


7.7.3 Extracting the Ink:
7.7.3.1 Add approximately 3 to 5 µL of solvent (pyridine for


ballpoint inks or ethanol and water (1 + 1) for non-ballpoint
inks) to the vials. (Other solvents may be used based on the
ease of extraction. The comparison standard inks must have
been extracted using the same solvent.) The amount may vary
depending on the absorptivity of the substrate and the type and
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age of the ink line. Adjust the amount of extracting solvent as
needed. If both ballpoint and non-ballpoint ink from the same
sheet of paper (or other substrate) are being analyzed, two
paper control samples will be necessary since the ink extrac-
tions will require two solvents and each solvent may extract
different components from the substrate.


7.7.3.2 Gently agitate the plugs and solvent for approxi-
mately 1 min or until sufficient extraction has occurred. Note
and record the color of extract in the vial. The use of standard
color notation may be helpful in recording these observations.
(Test Method D 1535, NBS Standard Sample No. 2106, NBS
Special Pub. 440)


7.7.4 Spotting the Ink:
7.7.4.1 Spot the extract on the activated TLC sheet/plate


approximately 15 mm from the designated bottom of the plate.
It is important to maintain uniformity in the intensity and size
of the spot (a spot size of approximately 2 to 3 mm works
well). Spots should be placed no closer than 1 cm from either
the left or right side of the plate and should be adequately
separated so they will not interfere with each other during the
migration of the components of the sample. The boundaries
(left and right) of each area to be spotted may be scribed with
a stylus or pencil. Do not place these boundary marks closer
than 1 to 2 mm from the area of the plate to be spotted. This is
so there will be no interference for the solvent system traveling
up the plate. If a pencil is used, do not spot the extract directly
on the pencil mark or in the same lane since many inks contain
carbon or graphite, as do pencils.


7.7.4.2 Numerous ink samples can be analyzed simulta-
neously by spotting each ink sample and paper blank on the
same chromatographic sheet/plate with sufficient separation to
avoid interference or cross contamination, or both. These spots
should be equal in intensity and size. This is attainable through
manipulation of the number of ink plugs (or length of ink line)
and the amount of extracting solvent. If the maximum number
of samples are to be compared on a sheet/plate, do not spot the
extract closer than 1 cm from either side of the plate.
Extraction spots placed closer to the edge of a plate can cause
a skewed separation that may affect the comparative value of
the chromatogram.


7.7.4.3 Allow the sheet/plate to air dry to remove any
residual solvent. The amount of time will vary depending on
the laboratory conditions and the solvent(s) utilized. Do not
expose the sheet/plate to extreme heat or light during the
spotting procedure. This has been shown to induce changes in
the resultant chromatograms of some ink formulas (5, 9).


7.7.4.4 If the intensity of the spot is weak, it may be
necessary to respot. This is done by carefully applying addi-
tional extract directly over the original spot and air drying
again.


NOTE 13—This technique requires experience. It is important to keep
the spot size consistent when respotting (for example, do not spot a 1 mm
spot over an existing 2 mm spot). Otherwise you may create rings that can
skew the appearance of the resulting separation. Respotting can be
accomplished through the careful adjustment of the amount of extract to
be spotted.


7.7.4.5 Use of a suitable calibration standard is recom-
mended. It should be spotted onto the plate in the same manner.


7.7.5 Developing the TLC Sheet/Plate:
7.7.5.1 Place the sheet/plate in a developing tank previously


equilibrated for approximately 15 min with Solvent System I.
The level of solvent in the tank should be between 5 and 10
mm and should not touch the ink extraction spots when initially
submerged. Let the chromatogram develop until the compo-
nents exhibit sufficient separation to allow comparison or for
approximately 15 min.


7.7.6 Evaluating:
7.7.6.1 Remove the chromatogram from the developing


tank and immediately evaluate the fluorescent characteristics
using long-wave UV and short-wave UV sources. Note and
record the color, the fluorescent characteristics, the retardation
factor (R value), and the relative concentration of all fluores-
cent bands present for each ink sample.


7.7.6.2 Follow the same procedure for the corresponding
paper (or other substrate) control (blank), to determine if there
is any contribution from the substrate, for example, from
tinting materials or optical brighteners (5).


7.7.6.3 Allow the sheet/plate to air dry and promptly evalu-
ate it again following the same procedures. Note and record
any change.


NOTE 14—The appearance of certain fluorescent components can
change in the time between these two observations.


7.7.6.4 Under ambient light note and record the color, the Rf
value, and the relative concentration of all bands present for
each ink sample and control.


7.7.6.5 The completed plate should be stored away from
light, heat, and air, since, in their separated form, ink dyes are
very susceptible to fading or change of color. Results may be
preserved by color photography.


7.7.7 Interpretation:
7.7.7.1 Samples of ink with qualitatively different colorant


compositions can be easily distinguished by comparison of the
characteristics observed in 7.7.6.


8. Additional Methods


8.1 If more information is needed to distinguish similar
inks, some of the following techniques may be tried.


8.1.1 Additional Thin Layer Chromatography (TLC) Tech-
niques:


8.1.2 Solvent System II allows development in a solvent
system of a different polarity that may affect a different
separation of the components (2, 4).


8.1.3 It may be advisable to use a different TLC sheet/plate
along with the additional solvent systems. This may give a
different separation and allow another means of comparison (2,
4, 10).


8.1.4 The chromatograms can be evaluated with the aid of
laser or other monochromatic illumination, RIR and IRL, or
other techniques described in 7.1.3.


8.1.5 The chromatograms can be imaged and the densities
evaluated using appropriate instrumentation. This can give an
accurate quantitative comparison of the relative concentrations
of components (5).


8.2 Other Analytical Techniques:
8.2.1 These techniques may provide valuable information


concerning components found in inks, including solvents,
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surfactants, humectants, and resins. They may be of use in
certain situations, but are not generally necessary in perform-
ing routine ink comparisons.


8.2.1.1 Batch-to batch variation within an ink formula may
be detectable utilizing analytical methods, such as chromatog-
raphy, electrophoresis, spectrometry, spectrophotometry, or a
combination.


8.2.2 Fourier Transform Infrared Spectroscopy (FTIR) can
be useful when detailed information is necessary about an ink’s
organic composition (4, 25).


8.2.3 Gas Chromatography (GC), Gas Chromatography/
Mass Spectrometry (GC/MS) can provide information on
organic components (4). GC/MS operating in the selected ion
monitoring mode permits reliable detection and identification
of the ink’s primary vehicle solvents (28).


8.2.4 High Pressure Liquid Chromatography (HPLC) has
been used to gather information on batch-to-batch variation or
when detailed information is necessary about an ink’s organic
composition (26).


8.2.5 Microspectrophotometry can be used to obtain the
ink’s spectral transmittance curve or reflectance curve, or both
(17).


8.2.6 Spectrofluorometry has been used when an emission
spectra is desired (27).


8.2.7 X-Ray Fluorescence Spectroscopy (XRF) can provide
detailed information on the inorganic components of an ink (5).


8.2.8 Capillary Electrophoresis has been used to provide
detailed organic comparisons of two or more inks (29).


9. Reporting Conclusions


9.1 Conclusions resulting from the comparison of two ink
samples may be reached once sufficient examinations have
been conducted. In reporting conclusions, the tests performed
shall be listed. The number of necessary tests is dependent on
the inks involved.


9.2 Differentiation:
9.2.1 If significant, reproducible, inexplicable differences


between ink samples are found at any level of the optical or
chemical analyses, it may be concluded that the inks do not
have a common origin.


9.2.2 However, when inks give differing test results, the
possibility of batch-to-batch variation within an ink formula
must be considered: this kind of variation may be detectable
utilizing analytical methods, such as chromatography, electro-
phoresis, spectrometry, spectrophotometry, or a combination.
The potential influences of interfering factors that can alter the
composition of an ink sample must also be considered (see
Section 5).


9.3 Matches:
9.3.1 When the comparison of two or more ink samples by


optical or chemical analyses, or both reveals no significant,
reproducible, inexplicable differences and there is significant
agreement in all observable aspects of the results, it may be
concluded that the ink samples match at that level of analysis
and that the results of the examination indicate that the ink
samples are of the same formula or of two similar formulas
with the same nonvolatile components (2). The possibility that
other analytical techniques might be able to differentiate the
samples should be considered.


9.3.2 This conclusion does not eliminate the possibility that
the ink samples being compared are from different manufac-
turing batches or from different writing or marking instruments
(2).


9.3.3 Reports of conclusions should never state that two ink
samples are identical or the same ink. Statements must be
within the limits of 9.3.1.


10. Keywords


10.1 forensic sciences; ink comparison; questioned
documents
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Designation: E 1789 – 04


Standard Guide for
Writing Ink Identification1


This standard is issued under the fixed designation E 1789; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


INTRODUCTION


This guide is intended as a general outline for use in forensic ink examinations, where the intention
is to identify an ink formula or type. It is designed both for the experienced document examiner (see
Guide E 444) and for those unfamiliar with previously reported procedures. The aim is to describe
those techniques that will provide the most information about an ink with the least damage to the
document. This guide refers to well-reported and thoroughly tested techniques currently in use by
forensic document examiners, chemists, and other scientists.


Following the procedures as outlined, an examiner can accurately discriminate between ink
formulas; as well as significantly reducing the possibility of reporting false matches of ink samples
from different sources or incorrectly differentiating ink samples from a common source.


Identifications of ink formulas may be accomplished through the use of an adequate collection of
standards. The necessary completeness of a comparison collection and limitations of conclusions will
be addressed in the guide.


1. Scope


1.1 This guide covers assisting forensic examiners in iden-
tifying writing inks. Included in this analysis scheme are the
necessary tools and techniques which have been successfully
utilized to reach conclusions as to the common or different
origin of two samples of ink.


1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


E 444 Guide to Descriptions of Scopes of Work Relating to
Forensic Sciences for Questioned Document Area


E 1422 Guide for Test Methods for Forensic Writing Ink
Comparison


2.2 NIST Standards:


NBS Standard Sample No. 2106 ISCC-NBS Centroid Color
Charts3


NBS Special Pub. 440 Color: Universal Language and
Dictionary of Names3


3. Terminology


3.1 Definitions—Terminology has been defined in Guide
E 1422, with the following addition:


3.1.1 ink library—an organized collection of reference
samples of inks and related materials.


3.1.1.1 Discussion—For maximum effectiveness in identi-
fication of questioned ink, an ink library should at minimum
include the following elements: reference samples of ink in
unused form, either in bulk samples from the manufacturer or
in distribution form such as bottles, pens, or cartridges; dried
ink specimens of each reference sample of ink placed on paper
(scribble sheets); analysis results of each reference sample of
ink, for example, TLC sheets/plates; and an ink information file
for each reference sample of ink containing available relevant
data. All elements of the collection should be as complete,
comprehensive, and up-to-date as possible, although this will
vary between ink libraries.1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic


Sciences and is the direct responsibility of Subcommittee E30.02 on Questioned
Documents.


Current edition approved Dec. 1, 2004. Published January 2005. Originally
approved in 1996. Last previous editon approved in 1996 as E 1789–96.


2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.


3 Available from U.S. Department of Commerce, National Bureau of Standards,
Office of Standard Reference Materials, R. B311, Chemistry Building, Gaithersburg,
MD 20899.


1
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4. Significance and Use


4.1 The reasons for identifying writing inks are to obtain
information about: the origin; relative availability; distribution;
and first and last (if applicable) production dates. It is this
valuable information available from the manufacturer and
through the use of a collection of standards that differentiates
this guide from Guide E 1422.


4.1.1 The procedure set forth in this guide are applicable in
determining the significance of a match obtained by perform-
ing the examinations set out in Guide E 1422 (by showing how
rare or common an ink formula may be), or in determining the
source of an ink. The identification of a specific ink formula
can facilitate the determination of the first date of production
and the discontinuance date of that ink.4


4.1.2 In addition to proficiency in the use of the necessary
analytical procedures, specialized knowledge and experience
on the part of the examiner are required.5 Also required is a
comprehensive collection of reference samples of ink and
related materials (ink library). The ink reference standards are
cataloged, analyzed, and stored according to the procedures
described in Section 7.


4.2 Even with access to a comprehensive ink library, it is not
always possible to positively identify a questioned ink sample.
This is because some ink formulations are very similar; usually
only non-volatile ingredients such as dyes and pigments are
compared; and no matter how comprehensive the ink library is,
the collection will never be complete.6


4.2.1 Some ink formulas are not distinguishable; they be-
have in the same manner under various examinations because
they have similar formulas with the same nonvolatile compo-
nents. Thus, it is not always possible to find a single reference
ink sample in the ink library that matches a questioned ink.
Even if one is found, it may not provide an identification unless
the ink formula is shown to be unique because it contains a
specific component. For these reasons, it will not be possible to
identify every questioned ink. There is not always a forensic
answer to a question at hand.


4.2.2 It must also be understood that it is not possible to
create an all inclusive ink library, just as it would not be
possible to obtain every fingerprint, or every paint, soil, or
glass sample. Conclusions as to the identity of an ink are
dependent on the completeness of the ink library used. Thus, it
is possible that there are one or more inks not in the ink library
that would be indistinguishable from the questioned ink.


4.3 In spite of these limitations, questioned inks can be
associated with reference ink samples with a high degree of
confidence using the systematic approach in this guide. The
analytical procedures given here, such as TLC and TLC
Densitometry, are sufficient to distinguish most inks, and


therefore to match most questioned ink samples to a reference
sample of ink or a relatively limited group of reference samples
in an ink library.


4.3.1 Just as with other forensic tools, for example, FTIR,
GC, HPLC, etc., pattern profile matching with reference
samples is often sufficient to yield an identification. Individual
component identification through an internal standard ap-
proach may be used, but is not usually necessary.4


5. Interferences


5.1 Most interferences with ink examinations and subse-
quent identifications are a result of variables interacting with
the ink. These variables can usually be attributed to the writing
process or storage conditions, or a combination thereof, and are
discussed in Guide E 1422. Evaluation of these variables can
avoid problems examinations.


5.2 Other interferences can be caused by changes to the
TLC diffusion of fluorescent components, differences in the
paper controls, differences in color due to fading either of the
inks or of the components on the TLC sheet/plate, solvent
depletion, or a combination of these and other factors. Evalu-
ation of these variables, use of paper blanks, and proper storage
and maintenance of the reference samples and related material
in the ink library can avoid problems in examinations.


5.3 Large batch-to-batch variations in the manufacturing
process can also lead to problems in evaluating a match.


6. Reagents and Equipment


6.1 Appropriate reagents and equipment for the required
techniques have been listed in Guide E 1422, with the follow-
ing additions:


6.1.1 Low Resolution Precoated Plastic or Glass Sheets/
Plates of Silica Gel, without fluorescent indicator (60 angstrom
pore size).


NOTE 1—Low resolution sheets/plates are generally not as sensitive to
external effects, for example, temperature, humidity, and development
conditions. They have the quality of exhibiting excellent reproducibility
and as such are an appropriate choice for storage media of the ink library
TLC plates.


6.1.2 High Resolution Precoated Plastic or Glass Sheets/
Plates of Silica Gel, without fluorescent indicator (60 angstrom
pore size).


NOTE 2—It is recommended that the TLC sheets/plates be kept in a
desiccator.


7. Procedure


7.1 Collection, Preparation, and Analysis of Reference Ma-
terials for the Ink Library:


7.1.1 Reference Samples of Ink:
7.1.1.1 The core of the ink library consists of reference


samples of ink formulas, usually obtained from ink manufac-
turers. Additionally, ink and pens should be purchased at
retailers on a regular basis (at least once a year), because it is
not always possible to obtain samples directly from all manu-
facturers of ink. Because of international trade and travel
patterns, reference samples of ink should be obtained on a
world-wide basis.


7.1.1.2 Accession information for each reference sample of
ink should be recorded, such as date of acquisition, source, etc.


4 Brunelle, R. L. and Pro, M. J., “A Systematic Approach to Ink Identification,”
Journal of Offıcial Analytical Chemistry, Vol 55, 1972, pp. 823–826.


5 Brunelle, R. L. and Cantu, A. A., “Training Requirements and Ethical
Responsibilities of Forensic Scientists Performing Ink Dating Examinations,” Letter
to the Editor, Journal of Forensic Sciences, November, 1987.


6 Crown, D. A., Brunelle, R. L., and Cantu, A. A., “Parameters of Ballpoint Ink
Examination,” Journal of Forensic Sciences, Vol 21, 1976, pp. 917–922.
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For an assembly of reference samples of ink to be considered
a collection rather than an accumulation, it must be organized
and cataloged. If a computerized database is used, searching
can be on any criteria; if not, the features noted in a light
examination performed in accordance with Guide E 1422 can
be used to organize the collection.


7.1.1.3 Reference samples of ink should be stored under
optimal laboratory conditions (sealed containers, darkness,
temperature and humidity controlled) to retard drying, oxida-
tion, and other changes related to aging.


7.1.2 Dried Ink Specimens:
7.1.2.1 Prepare a specimen by making lines or marks on a


sheet of paper (scribble sheet). Record the date of preparation.
Allow the ink to dry for up to 1 h under ambient conditions
before storing.


NOTE 3—Dried ink specimens can be effectively stored on filter type
paper that does not contain optical brightener additives. A sample of any
paper being considered for a library storage media should be analyzed
following the laboratory procedures as indicated in this standard. This will
determine if the paper will interfere with the examination procedure.


7.1.2.2 Dried ink specimens should be stored under optimal
laboratory conditions (darkness, temperature and humidity
controlled) to retard fading and other changes.


7.1.3 Results of Analysis of Reference Samples—Because
questioned ink samples will be analyzed in accordance with
Guide E 1422 for comparison with the ink library (see 7.2), the
reference samples in the library should undergo the same
analyses with results preserved for future searching.


7.1.3.1 Perform the light, ultraviolet (UV), and infrared (IR)
examinations in accordance with Guide E 1422.


7.1.3.2 Perform the spot testing and solubility testing in
accordance with Guide E 1422.


7.1.3.3 Perform the thin layer chromatography TLC exami-
nation in accordance with Guide E 1422.


7.1.3.3.1 Note and record the extraction solvent used.
Where appropriate, prepare duplicate extractions using all the
different solvents likely to be employed in extraction from
various substrata. Prepare a TLC of each extract, recording the
solvent used. Appropriate TLC sheets/plates will then be
available for comparison with questioned samples.


7.1.3.3.2 The TLC analysis should be conducted on low
resolution type sheets/plates. Low resolution sheets/plates are
generally not as sensitive to external effects, for example,
temperature, humidity, or development conditions. They have
the quality of exhibiting excellent reproducibility and as such
are an appropriate choice for storage media of the ink library
TLC sheets/plates.


NOTE 4—Plastic backed 60 angstrom size silica gel without fluorescent
indicator sheets/plates has been found to be satisfactory.


7.1.3.3.3 Ink library TLC sheets/plates should be stored
under optimal laboratory conditions (darkness, temperature
and humidity controlled) to extend the useful life of the
sheets/plates. TLC sheets/plates have a limited useful life: the
sheets/plates themselves will degrade after 10 to 20 years, and
the band colors and fluorescence characteristics may fade or
undergo other changes sooner. Deteriorating TLC sheets/plates
should be replaced as needed.


7.1.4 Ink Information Files:


7.1.4.1 All available relevant data on each reference ink
sample should be collected and maintained. This can include
information on the manufacturer; ink formula; manufacturer’s
designation(s) and marketing name(s); other user’s (for ex-
ample, pen manufacturers) and their designation(s) and mar-
keting name(s); volume of ink manufactured; area(s) of distri-
bution; first production date; date first released to the public;
last production date; etc.


NOTE 5—Some information may be considered proprietary by the ink
manufacturer or other source. Such information should be treated with the
appropriate confidentiality.


7.1.4.2 Analytical results and other data from 7.1.3 should
be maintained. Efficient organization of this information can
facilitate searches of the ink library.


7.2 Ink Identification—Ink identification is a two step pro-
cess. The first step involves comparative analysis techniques
described in Guide E 1422. The second step includes compari-
son of any resulting TLC plate from the initial analysis to an
ink library.


7.2.1 Perform the light, ultraviolet (UV), and infrared (IR)
examinations and record results in accordance with Guide
E 1422.


7.2.2 Perform the spot testing and solubility testing and
record results in accordance with Guide E 1422.


7.2.3 Perform the thin layer chromatography TLC examina-
tion in accordance with Guide E 1422.


7.2.3.1 The comparison reference inks in the ink library
must have been extracted using the same solvent. If there is no
TLC plate in the ink library that meets this requirement,
prepare one in accordance with Guide E 1422 using the
appropriate solvent before proceeding.


7.2.4 First TLC Interpretation:
7.2.4.1 Samples of ink with qualitatively different colorant


compositions can be easily distinguished by comparison of the
characteristics described in Guide E 1422.


7.2.5 Comparison Against a Library of Standards:
7.2.5.1 Where comparison against a library of standards is


desired, the initial TLC analysis should be conducted on low
resolution type sheets/plates of the same type used to prepare
the TLC sheets/plates in the ink library.


7.2.5.2 Using the results of the light, ultraviolet (UV), and
infrared (IR) examinations (see 7.2.1) search the library for
samples known to produce these results. Physically compare
the questioned ink sample in situ with the dried ink samples
from the ink library. Note and record all ink library reference
samples that are consistent with the questioned ink at this
stage.


7.2.5.3 Physically compare the chromatogram of the ques-
tioned ink with the chromatograms of all the reference samples
in the ink library that were not eliminated in 7.2.5.2. Observe
the band colors, Rf separations, and fluorescence characteris-
tics. Note and record all ink library reference samples that are
consistent with the questioned ink at this stage.


7.2.5.4 Those reference samples that match at every level of
the examination are selected as possible matches in preparation
for the second TLC comparative examination.
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7.2.5.4.1 Reference samples from the ink library having
explicable differences should also be selected as possible
matches. Such over-selection of standard inks reduces the
possibility that a true match is not eliminated from consider-
ation. Explicable differences include characteristics arising
from diffusion of fluorescent components, differences in the
paper controls, differences in color due to fading either of the
inks or of the components on the TLC sheet/plate, solvent
depletion, or a combination of these and other factors.


7.2.6 Second TLC Analysis:
7.2.6.1 Begin a second TLC comparison between the ques-


tioned ink and the potential matches from the ink library. This
examination may further reduce the number of standard library
inks that could match the questioned ink.


NOTE 6—The TLC sheets/plates used at this stage should be very high
resolution. TLC sheets/plates that are high resolution are generally very
sensitive both to their surroundings and to development conditions. The
reproducibility within a plate is extremely good; however, plates should
not be inter-compared due to potential variations.


7.2.6.2 Remove a suitable amount of sample from each of
the reference ink samples in the ink library whose physical and
chemical TLC results are consistent with the questioned ink’s.
There may be many potential library matches at this stage of
the examination. Every potential match should be sampled.


7.2.6.3 Perform a TLC analysis in accordance with Guide
E 1422.


NOTE 7—Glass backed 60 angstrom size silica gel without fluorescent
indicator plates has been found to be satisfactory. Variations within plates
of the same type and manufacturer have been noted.


NOTE 8—Spot all inks and the paper control samples (blanks) on the
same plate. This is necessary based on the sensitivity of the high resolution
TLC plates. If more than one plate is needed (one 20 by 20 cm plate can
accept approximately 18 spots 2 to 3 mm wide) respot the questioned
ink(s) and paper control(s) on each additional plate.


7.2.7 Second TLC Interpretation:
7.2.7.1 Physically compare the chromatograms of the ques-


tioned and selected standard ink(s). Note and record the
consistencies in band colors, Rf values, and any fluorescence
characteristics. Also note and record any inconsistencies.


7.2.7.2 These comparative examinations between the ques-
tioned and standard inks provide the necessary information to
eliminate non-matching inks and to locate one or more
matching reference ink samples in the ink library (if any
matches are present).


8. Additional Analyses


8.1 To date, most forensic analyses of writing inks involve
thin layer chromatography. TLC provides a reproducible
method that allows for storage of standards and for subsequent
comparisons with unknowns. Sometimes, optical techniques
along with TLC are insufficient to narrow the field of possible
matches to a single reference sample in the ink library. The
previously described analysis methods are not by any means
the only techniques that can be used, nor are they represented
to be the best of all possible methods. Each examination should
be considered as an individual matter involving decisions
regarding the best method(s) of analysis. The analyst must use
the best analytical techniques available, be aware of advan-
tages and shortcomings and determine as many identification


criteria as necessary. If more information is needed regarding a
particular ink, the additional techniques listed in Guide E 1422
can be tried.


9. Reporting Conclusions


9.1 In reporting conclusions of comparative examinations
with an ink library, three necessary elements should be
included: (1) a listing of the examinations performed; (2) the
matches found; and (3) the conclusions drawn.


9.2 Examinations Performed—The report should include a
listing of the laboratory examinations conducted. This section
should discuss, but does not need to be limited to, the
techniques found in Sections 7 and 8.


9.2.1 Examples—“Optical (physical) and chemical exami-
nations were performed on the questioned ink from exhibit
(give exhibit designation) and the results were compared with
those from inks in our ink library. The examinations conducted
include (list examinations performed).”


NOTE 9—If the exhibit bears several questioned inks, the report should
state their location on the document and that the results of their individual
examination were compared with each other. The report should identify
questioned inks that are different from each other by sorting the ques-
tioned inks into distinct groups consisting of inks that match each other.


9.3 The Matching Standard Ink(s)—The cumulative set of
comparative examinations (see Sections 7 and 8) will deter-
mine the number of reference ink samples (if any) that match
a questioned ink. Depending on the level of analysis, a
questioned ink can be said to match one or more reference
samples in the ink library.


9.3.1 Differentiation:
9.3.1.1 If significant, reproducible, inexplicable differences


between the questioned ink sample and a reference sample are
found at any level of the physical, or chemical analyses, or
both, it may be concluded that the inks do not have a common
origin.


9.3.1.2 However, when inks give differing test results, the
possibility of batch-to-batch variation within an ink formula
must be considered; this kind of slight variation may be
detectable utilizing sophisticated instrumentation, generally
limited to FTIR, GC/MS, HPLC and/or XRF. The potential
influences of interfering factors that can alter the composition
of an ink sample must also be considered (see Section 5).


9.3.2 Matches—When the comparison of the questioned ink
sample and a reference sample by optical and chemical
analyses reveal no significant, reproducible, inexplicable dif-
ferences and there is significant agreement in all observable
aspects of the results, it may be concluded that the ink samples
match at that level of analysis and that the results of the
examination indicate that the ink samples are of the same
formula or of two similar formulas with the same
components.6The possibility that other analytical techniques
might be able to differentiate the samples should be considered.


NOTE 10—Each comparative examination has its own criteria for
determining if a match exists. These are determined by the examiner,
based on the examiner’s training and experience. Matching criteria should
not include inexplicable differences that are too vague (since this may
unnecessarily increase the number of matching possibilities) or too
specific (since this may eliminate an actual match).


NOTE 11—When a comparative examination yields no inexplicable
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differences, the items compared may be said to match or to be indistin-
guishable at that level of analysis. These terms are not synonymous with
the term similar, a term sometimes used for near matches where the results
are close but do not meet all the necessary criteria.


9.3.3 An important concern when reaching a conclusion
regarding ink matches is whether the matching inks are the
same to the exclusion of all other inks. The possibility that the
questioned ink matches an ink formula not in the ink library
must be assessed based on the experience of the examiner, who
evaluates the characteristics of the questioned ink, the exami-
nations performed, the comprehensiveness of the ink library,
and information from the ink manufacturer. Based on the above
cited factors, this possibility can range from highly probable to
extremely unlikely.


9.4 Single Library Match—The questioned ink matches
only one reference ink sample in ink library to the exclusion of
all other reference ink samples.


9.4.1 The matching reference ink sample must be the only
one in the library that matches (see 9.3.2) when compared by
each examination with the questioned ink sample.


9.4.2 Furthermore, it must be possible to differentiate (see
9.3.1) the questioned ink sample from each of the other
(nonmatching) reference ink samples in the library by at least
one comparison, thereby eliminating all other reference
samples in the ink library as a possible match for the
questioned ink.


9.4.3 In the absence of a unique component in the ink
formula or some other reason to discount the possibility that
the questioned ink may also match one or more additional inks
not in the ink library, conclusions should not be reported in
absolute terms as an identification, even though based on the
comprehensiveness of the standard ink library, the level of
examinations performed, and the characteristics determined,
this possibility can be remote.


9.4.3.1 Examples—“These findings suggest that the ques-
tioned ink matches only one standard reference ink from the
ink library.” Alternatively, “these findings suggest that the
matching standard ink is the only standard ink that could not be
eliminated as being, the questioned ink.” An equivalent state-
ment can be substituted.


9.4.4 If it is determined that the questioned ink sample
matches a reference sample that is unique, the report of the
findings and of the conclusions should reflect this.


9.4.4.1 Examples—“The questioned ink was found to
uniquely match a reference sample ink.” The conclusion
should also state that “The questioned ink is (identified as) the
matching standard ink.”


9.4.5 Depending on the information requested by the sub-
mitter, the report may include the ink manufacturer’s name; the
manufacturer’s designation for the formula; the first production
date and last production date; the area(s) of distribution; the
brand and type of pens using the formula. If a first commercial
production date of the questioned ink was requested, report that
the questioned ink matches a reference sample in the ink


library that was first manufactured on (state first production
date of the matching reference sample ink). Identification of
specific dyes, components, and ratios should be avoided as this
information may be considered proprietary to the manufac-
turer.


9.5 Multiple Library Match—The questioned ink matches a
group of two or more reference ink samples in the ink library
to the exclusion of all other reference ink samples outside the
group.


9.5.1 The matching reference ink samples must be the only
ones in the library that match (see 9.3.2) when compared by
each examination with the questioned ink sample.


9.5.2 Furthermore, it must be possible to differentiate (see
9.3.1) the questioned ink sample from each of the other
(nonmatching) reference ink samples in the library by at least
one comparison, thereby eliminating all other reference
samples as a possible match for the questioned ink.


9.5.3 Conclusions should be reported in a manner similar to
a single library match (see 9.5.3), while reflecting the multiple
matches found.


9.5.3.1 Example—“These findings suggest that the ques-
tioned ink is one of these matching standard inks or another ink
with the same determined characteristics.”


9.5.4 Reporting these findings may also include informa-
tional items regarding the inks (see 9.5.3). If a first commercial
production date of the questioned ink was requested, then it is
necessary to report the earliest first production date found
within the group of matching reference samples. As noted
above, no information should be reported that may be deemed
proprietary to the manufacturer.


9.6 No Match—The questioned ink does not match any
reference samples of ink in the ink library.


9.6.1 Inability to find a matching reference sample in the ink
library could be due to one or more of several causes: The ink
formula of the questioned ink sample exists outside of the
library; but a reference sample of that ink formula is not in the
ink library. A reference sample of the ink formula is in the ink
library but does not match the questioned ink sample because
of significant batch to batch variations in the manufacturing
process. The questioned ink sample has changed to the point
that it no longer will match a reference sample of the same ink
formula in the library.


9.6.2 The report can list some of the possible reasons for
these results.


9.6.2.1 Examples—“The questioned ink was not found to
match any reference sample ink in the ink library. The
questioned ink’s appearance and characteristics may have
changed (have been altered) due to storage conditions, con-
tamination, etc. Another possibility is that the questioned ink
may be one that is not in the ink library.”


10. Keywords
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documents
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