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1.1 INTRODUCTION 

UNIT DESCRIPTION 

Office hours are based on an alternative work schedule and generally run from 0900 to 1830 
hours.  Staffing currently consists of one (1) full-time Document Examiner.  The examiner is 
trained in laboratory analyses of document related materials. This is a civilian position. 

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 examiner also gives expert testimony in court demonstrating examination results. 
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2.1 WORK REQUESTS  

 

A work request is initially processed through the Clerical Unit and entered into the 
laboratory’s work request database before it is distributed to the Supervisor. The Supervisor 
is in charge of verifying that request and assigning it to an examiner through LabLynx.  
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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.  

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, LabLynx. 
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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. 
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 3.1 OBLITERATIONS  

 
APPARATUS 

Stereomicroscope 

White light source, and possibly other light sources utilizing specific wavelengths such as 
the ALS and the VSC. 

ESDA 

 
PROCEDURE 

The evidence will be evaluated for feasibility of success in an obliteration examination. It 
would be unsuitable if it were not an original, or if it were in a damaged condition such as 
being crumpled, water-damaged, stained, soiled, charred, shredded, or previously 
chemically processed. The evidence would be considered suitable for obliteration 
examination if it were an undamaged original. 

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. 

 
CONTROLS 

Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to ensure that 
the equipment is working properly. The ESDA and VSC will be subject to performance 
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verification testing using appropriate controls. They are ‘validated’ when they are checked 
with controls prior to use, and prior to being returned to service after repairs or 
maintenance.  See Quality Assurance in sections 3.2 and 3.3. 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 

SWGDOC Standard for Examination of Altered Documents 

SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 

SWGDOC Standard for Non-destructive Examination of Paper 
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3.2 VSC (VIDEO SPECTRAL COMPARATOR) 

 
INTRODUCTION 

Non-destructive VSC examination is used to differentiate inks and papers, detect changes to 
a document, to penetrate and decipher obliterations, and to establish the authenticity of an 
item, among other examinations.  

 
APPARATUS 

The instrumentation used for VSC examination is located at the San Diego Sheriff’s 
Department Regional Crime Laboratory. The examiner from the San Diego Police Department 
may use this equipment when a case requires this type of investigative tool.  

 
PROCEDURE 

The evidence will be evaluated for feasibility of success in a VSC examination. It would be 
unsuitable if it were not an original, and if it were damaged by improper handling and 
storage. The evidence would be considered suitable for VSC examination if it were an 
undamaged original. The examiner will become familiar with the operational features of the 
instrument prior to examining any case work related material. Controls will be checked prior 
to beginning case work as to confirm operating performance.  

 
CONTROLS 

Immediately prior to using the VSC for casework, appropriate controls must be tested to 
ensure that the equipment is working properly. These controls include the instrument’s IRR, 
IRL, Ultraviolet, and Transmitted light functions by examining the four sample documents 
provided by the manufacturer and comparing the results to the manufactures results.  
Document these results in the case notes. If another type of ALS is used, the examiner will 
test the IRR and IRL manufacturer sample documents and compare to the manufacturers 
results. Document the ALS settings in case notes.  

 
QUALITY ASSURANCE 

Documentation of the San Diego Sheriff’s Department’s compliance with the requirements of 
ISO/IEC 17025:2017 and ANAB AR 3125 will be included in the case notes.  The performance 
check(s), calibration documentation, and maintenance log(s) (when applicable) will be 
photocopied and included in the case packet. This documentation will support the fact that 
the instrument was in proper working order and was being maintained appropriately when 
the examiner was using the VSC.  

 
REFERENCES 

VSC Operations Manual 
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SWGDOC Standard for Examination of Altered Documents 

SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 

SWGDOC Standard for Non-destructive Examination of Paper  
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3.3 ELECTROSTATIC DETECTION APPARATUS 

 
INTRODUCTION 

The ESDA (Electrostatic Detection Apparatus) is used to detect indented writing (latent 
impressions) on documents. 

 
PROCEDURE 

The evidence will be evaluated for feasibility of success in an ESDA examination.It would be 
unsuitable if it were on thick or coated paper, or if it were in a damaged condition such as 
being crumpled or water damaged after the indentations were made. The size and shape of 
the evidence may also make it unsuitable (for example, items larger than the bed of the 
ESDA).The evidence would be considered suitable for ESDA examination if it were on light 
weight paper without coating or damage. 

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. 

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 
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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. 

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.  
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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" 

SWGDOC Standard for Indentation Examinations 

SWGDOC Standard for Examination of Altered Documents 

SWGDOC Standard for Non-destructive Examination of Paper 
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3.4 PHYSICAL MATCH OF PAPER CUTS, TEARS, AND 
PERFORATIONS 

 

The Questioned Documents Unit follows SWGDOC Standard for Physical Match of Paper Cuts, 
Tears, and Perforations in Forensic Document Examinations. 

The evidence will be evaluated for feasibility of success in a physical match examination. It 
would be unsuitable if it were in a damaged condition such as being crumpled, charred, 
water-damaged, or chemically processed. The evidence would be considered suitable for 
physical match examination if it were undamaged. 
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3.5 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  
 
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 
 
The evidence will be evaluated for feasibility of success in a stroke direction examination. It 
would be unsuitable if it were on highly porous paper or if the ink were of a low viscosity 
with a water or solvent base.  Damage to the document obscuring the ink with stains, soil, 
water damage, charring or shredding would make an exam unsuitable. The evidence would 
be considered suitable for stroke direction examination if it were on an undamaged paper 
with limited capillary action or written with ink with an oil, glycol, or rubber base.  
 
Criteria to evaluate direction of writing can include examining the paper microscopically for 
striations, inkless starts, and the placement of media deposits. These characteristics will be 
documented on the evidence sample prior to comparison to known exemplars.  

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. 
 
CONTROLS 

Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to ensure that 
the equipment is working properly. The ESDA and VSC will be subject to performance 
verification testing using appropriate controls. They are ‘validated’ when they are checked 
with controls prior to use, and prior to being returned to service after repairs or 
maintenance.  See Quality Assurance in sections 3.7 and 3.8. Document the results in the case 
notes. 
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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 
 
SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 

SWGDOC Standard for Non-destructive Examination of Paper 
 
SWGDOC Standard for Examination of Altered Documents 
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3.6 EXAMINATION OF HANDWRITTEN ITEMS 

 

The Questioned Documents Unit follows SWGDOC Standard for Examination of Handwritten 
Items. 

For Handwriting Exemplar Collection considerations, see the attachment, SDPD Collecting 
and Requesting Handwriting Exemplars. 

 
PROCEDURE 

The evidence will be evaluated for feasibility of success in a handwriting examination. It 
would be unsuitable if it were a poor quality photocopy, non-legible writing, writing 
obscured by stains, soiling, or alteration, without comparable known, not naturally written, 
of insufficient amount, and with limited individualizing characteristics. The evidence would 
be considered suitable for a handwriting examination if it were naturally written, of 
sufficient quality and quantity, and with comparable known writing. 

Criteria to aid in the examination of handwriting such as line width variation, tapered 
beginning and endings, smooth and continuous strokes, and individual characteristics will 
be documented on the evidence sample prior to comparison to known exemplars.   
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4.1 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, sufficiency of evidence evaluation, 
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, pencil, or highlighter to mark observed 
handwriting characteristics.  The markings may look like geometric shapes or symbols, but 
are only used to illustrate similarities, differences or variations in the flow and style of 
compared handwriting.  The markings or symbols are not abbreviations and do not provide a 
prescribed definition. 

 
CONCLUSIONS 

Our reports follow the format set in the Quality Manual and may include the following 
additional subheadings under Opinions and Interpretations: 

• Conclusive Findings 
• Qualified Findings 
• Indications 
• Inconclusive Findings 

and the possible additional header of ‘Requests’. 
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The Questioned Documents Unit follows SWGDOC Standard Terminology for Expressing 
Conclusions of Forensic Document Examiners. 

For inconclusive findings of “Neither Eliminate Nor Identify (NENI)” or “Indications”, the 
examiner will include a statement in the case notes to explain the limiting factors. 
 

FINAL PACKET REQUIREMENTS 

Standard Report 

1. Word-processed formal report 

2. Documents examination request form from clerical 

3. Questioned document note form 

4. Copies of evidence on identification and qualified opinions 

5. Display materials (optional) 

6. Correspondence (optional) 

7. Any additional official case documentation (i.e. chain of custody, instrument 
performance logs -- Sheriff Instrumentation only, 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   

processing must be photographed or scanned. 

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

 
All case packets are Technically and Administratively reviewed prior to distribution.  

If there is a discrepancy during technical review in regards to the opinions and 
interpretations, the compromise opinion will be the conclusion with the lesser level of 
examiner certainty.  

 
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. These will 
include the start date, completion date, and number of examinations.  
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5.1 ABBREVIATIONS 

(With or without Initial Capitalization)                                 

# or No. number 

+  plus or minus 

¶  paragraph 

Blk  black 

BLQ  bad line quality 

Bpt  Ballpoint pen 

Brdn  bank robbery demand note 

CA  common authorship 

CDL  Calif. Driver License 

Cf  compare 

CID  Calif. Identification Card 

d-c  due-course (adj. or noun) 

difs  differences noted 

Dups  duplicates, not notes 

elim  eliminate 

end  endorsement 

Ev ind  evidential indentations 

f/b  front and back 

face  obverse 

GLQ  good line quality 

H/hum  humidity 

HP  hand printing 

HP  highly probable 

HW  handwriting 

ID  identify 

K  known 

lm  left message 

Ms  Master/Original 

MS  maker signature 

neg  negative 

NENI  neither eliminate nor identify 

Orig  original 
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p/ee  payee 

P  probable 

Prob  probable 

ph  phone 

pos  positive 

Poss  possibly 

Q  questioned 

Rdn  robbery demand note 

Rec’d  received 

req  request 

rev  reverse or back 

sig  signature 

sims  similarities noted 

SSN  Social Security Number 

TW  typewriting 

uv  unexplained variations 

vm  voicemail 

w/  with 

w & w/o with and without 

w  writing 
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1.1 INTRODUCTION 


 
UNIT DESCRIPTION  


Office hours are based on an alternative work schedule and generally run from 0900 to 1830 
hours.  Staffing currently consists of one (1) full-time Document Examiner.  The examiner is 
trained in laboratory analyses of document related materials. This is a civilian position. 
 


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 examiner also gives expert testimony in court demonstrating examination results. 
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2.1 WORK REQUESTS  


 


A work request is initially processed through the Clerical Unit and entered into the 
laboratory’s work request database before it is distributed to the Supervisor. The Supervisor 
is in charge of verifying that request and assigning it to an examiner through LabLynx.  
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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.  


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, LabLynx. 
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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. 
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 3.1 OBLITERATIONS  


 
APPARATUS 


Stereomicroscope 


White light source, and possibly other light sources utilizing specific wavelengths such as 
the ALS and the VSC. 


ESDA 


 
PROCEDURE 


The evidence will be evaluated for feasibility of success in an obliteration examination. It 
would be unsuitable if it were not an original, or if it were in a damaged condition such as 
being crumpled, water-damaged, stained, soiled, charred, shredded, or previously 
chemically processed. The evidence would be considered suitable for obliteration 
examination if it were an undamaged original. 


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. 


 
CONTROLS 


Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to ensure that 
the equipment is working properly. The ESDA and VSC will be subject to performance 
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verification testing using appropriate controls. They are ‘validated’ when they are checked 
with controls prior to use, and prior to being returned to service after repairs or 
maintenance.  See Quality Assurance in sections 3.2 and 3.3. 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 


SWGDOC Standard for Examination of Altered Documents 


SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 


SWGDOC Standard for Non-destructive Examination of Paper 
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3.2 VSC (VIDEO SPECTRAL COMPARATOR) 


 
INTRODUCTION 


Non-destructive VSC examination is used to differentiate inks and papers, detect changes to 
a document, to penetrate and decipher obliterations, and to establish the authenticity of an 
item, among other examinations.  


 
APPARATUS 


The instrumentation used for VSC examination is located at the San Diego Sheriff’s 
Department Regional Crime Laboratory. The examiner from the San Diego Police Department 
may use this equipment when a case requires this type of investigative tool.  


 
PROCEDURE 


The evidence will be evaluated for feasibility of success in a VSC examination. It would be 
unsuitable if it were not an original, and if it were damaged by improper handling and 
storage. The evidence would be considered suitable for VSC examination if it were an 
undamaged original. The examiner will become familiar with the operational features of the 
instrument prior to examining any case work related material. Controls will be checked prior 
to beginning case work as to confirm operating performance.  


 
CONTROLS 


Immediately prior to using the VSC for casework, appropriate controls must be tested to 
ensure that the equipment is working properly. These controls include the instrument’s IRR, 
IRL, Ultraviolet, and Transmitted light functions by examining the four sample documents 
provided by the manufacturer and comparing the results to the manufactures results.  
Document these results in the case notes. If another type of ALS is used, the examiner will 
test the IRR and IRL manufacturer sample documents and compare to the manufacturers 
results. Document the ALS settings in case notes.  


 
QUALITY ASSURANCE 


Documentation of the San Diego Sheriff’s Department’s compliance with the requirements of 
ISO/IEC 17025:2017 and ANAB AR 3125 will be included in the case notes.  The performance 
check(s), calibration documentation, and maintenance log(s) (when applicable) will be 
photocopied and included in the case packet. This documentation will support the fact that 
the instrument was in proper working order and was being maintained appropriately when 
the examiner was using the VSC.  


 
REFERENCES 


VSC Operations Manual 
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SWGDOC Standard for Examination of Altered Documents 


SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 


SWGDOC Standard for Non-destructive Examination of Paper  
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3.3 ELECTROSTATIC DETECTION APPARATUS 


 
INTRODUCTION 


The ESDA (Electrostatic Detection Apparatus) is used to detect indented writing (latent 
impressions) on documents. 


 
PROCEDURE 


The evidence will be evaluated for feasibility of success in an ESDA examination.It would be 
unsuitable if it were on thick or coated paper, or if it were in a damaged condition such as 
being crumpled or water damaged after the indentations were made. The size and shape of 
the evidence may also make it unsuitable (for example, items larger than the bed of the 
ESDA).The evidence would be considered suitable for ESDA examination if it were on light 
weight paper without coating or damage. 


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. 


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 
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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. 


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.  
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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" 


SWGDOC Standard for Indentation Examinations 


SWGDOC Standard for Examination of Altered Documents 


SWGDOC Standard for Non-destructive Examination of Paper 
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3.4 PHYSICAL MATCH OF PAPER CUTS, TEARS, AND 
PERFORATIONS 


 


The Questioned Documents Unit follows SWGDOC Standard for Physical Match of Paper Cuts, 
Tears, and Perforations in Forensic Document Examinations. 


The evidence will be evaluated for feasibility of success in a physical match examination. It 
would be unsuitable if it were in a damaged condition such as being crumpled, charred, 
water-damaged, or chemically processed. The evidence would be considered suitable for 
physical match examination if it were undamaged. 
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3.5 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  
 
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 
 
The evidence will be evaluated for feasibility of success in a stroke direction examination. It 
would be unsuitable if it were on highly porous paper or if the ink were of a low viscosity 
with a water or solvent base.  Damage to the document obscuring the ink with stains, soil, 
water damage, charring or shredding would make an exam unsuitable. The evidence would 
be considered suitable for stroke direction examination if it were on an undamaged paper 
with limited capillary action or written with ink with an oil, glycol, or rubber base.  
 
Criteria to evaluate direction of writing can include examining the paper microscopically for 
striations, inkless starts, and the placement of media deposits. These characteristics will be 
documented on the evidence sample prior to comparison to known exemplars.  


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. 
 
CONTROLS 


Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to ensure that 
the equipment is working properly. The ESDA and VSC will be subject to performance 
verification testing using appropriate controls. They are ‘validated’ when they are checked 
with controls prior to use, and prior to being returned to service after repairs or 
maintenance.  See Quality Assurance in sections 3.7 and 3.8. Document the results in the case 
notes. 
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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 
 
SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 


SWGDOC Standard for Non-destructive Examination of Paper 
 
SWGDOC Standard for Examination of Altered Documents 
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3.6 EXAMINATION OF HANDWRITTEN ITEMS 


 


The Questioned Documents Unit follows SWGDOC Standard for Examination of Handwritten 
Items. 


For Handwriting Exemplar Collection considerations, see the attachment, SDPD Collecting 
and Requesting Handwriting Exemplars. 


 
PROCEDURE 


The evidence will be evaluated for feasibility of success in a handwriting examination. It 
would be unsuitable if it were a poor quality photocopy, non-legible writing, writing 
obscured by stains, soiling, or alteration, without comparable known, not naturally written, 
of insufficient amount, and with limited individualizing characteristics. The evidence would 
be considered suitable for a handwriting examination if it were naturally written, of 
sufficient quality and quantity, and with comparable known writing. 


Criteria to aid in the examination of handwriting such as line width variation, tapered 
beginning and endings, smooth and continuous strokes, and individual characteristics will 
be documented on the evidence sample prior to comparison to known exemplars.   
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4.1 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, sufficiency of evidence evaluation, 
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, pencil, or highlighter to mark observed 
handwriting characteristics.  The markings may look like geometric shapes or symbols, but 
are only used to illustrate similarities, differences or variations in the flow and style of 
compared handwriting.  The markings or symbols are not abbreviations and do not provide a 
prescribed definition. 


 
CONCLUSIONS 


Our reports follow the format set in the Quality Manual and may include the following 
additional subheadings under Opinions and Interpretations: 


• Conclusive Findings 
• Qualified Findings 
• Indications 
• Inconclusive Findings 


and the possible additional header of ‘Requests’. 
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The Questioned Documents Unit follows SWGDOC Standard Terminology for Expressing 
Conclusions of Forensic Document Examiners. 


For inconclusive findings of “Neither Eliminate Nor Identify (NENI)” or “Indications”, the 
examiner will include a statement in the case notes to explain the limiting factors. 
 


FINAL PACKET REQUIREMENTS 


Standard Report 


1. Word-processed formal report 


2. Documents examination request form from clerical 


3. Questioned document note form 


4. Copies of evidence on identification and qualified opinions 


5. Display materials (optional) 


6. Correspondence (optional) 


7. Any additional official case documentation (i.e. chain of custody, instrument 
performance logs -- Sheriff Instrumentation only, 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   


processing must be photographed or scanned. 


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


 
All case packets are Technically and Administratively reviewed prior to distribution.  


If there is a discrepancy during technical review in regards to the opinions and 
interpretations, the compromise opinion will be the conclusion with the lesser level of 
examiner certainty.  


 
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. These will 
include the start date, completion date, and number of examinations.  
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5.1 ABBREVIATIONS 


(With or without Initial Capitalization)                                 


# or No. number 


+  plus or minus 


¶  paragraph 


Blk  black 


BLQ  bad line quality 


Bpt  Ballpoint pen 


Brdn  bank robbery demand note 


CA  common authorship 


CDL  Calif. Driver License 


Cf  compare 


CID  Calif. Identification Card 


d-c  due-course (adj. or noun) 


difs  differences noted 


Dups  duplicates, not notes 


elim  eliminate 


end  endorsement 


Ev ind  evidential indentations 


f/b  front and back 


face  obverse 


GLQ  good line quality 


H/hum  humidity 


HP  hand printing 


HP  highly probable 


HW  handwriting 


ID  identify 


K  known 


lm  left message 


Ms  Master/Original 


MS  maker signature 


neg  negative 


NENI  neither eliminate nor identify 


Orig  original 
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p/ee  payee 


P  probable 


Prob  probable 


ph  phone 


pos  positive 


Poss  possibly 


Q  questioned 


Rdn  robbery demand note 


Rec’d  received 


req  request 


rev  reverse or back 


sig  signature 


sims  similarities noted 


SSN  Social Security Number 


TW  typewriting 


uv  unexplained variations 


vm  voicemail 


w/  with 


w & w/o with and without 


w  writing 
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1.1 INTRODUCTION 



 
UNIT DESCRIPTION  



Office hours are based on an alternative work schedule and generally run from 0900 to 1830 
hours.  Staffing currently consists of one (1) full-time Document Examiner.  The examiner is 
trained in laboratory analyses of document related materials. This is a civilian position. 
 



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 examiner also gives expert testimony in court demonstrating examination results. 
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2.1 WORK REQUESTS  



 



A work request is initially processed through the Clerical Unit and entered into the 
laboratory’s work request database before it is distributed to the Supervisor. The Supervisor 
is in charge of verifying that request and assigning it to an examiner through LabLynx.  
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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.  



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, LabLynx. 
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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. 
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 3.1 OBLITERATIONS  



 
APPARATUS 



Stereomicroscope 



White light source, and possibly other light sources utilizing specific wavelengths such as 
the ALS and the VSC. 



ESDA 



 
PROCEDURE 



The evidence will be evaluated for feasibility of success in an obliteration examination. It 
would be unsuitable if it were not an original, or if it were in a damaged condition such as 
being crumpled, water-damaged, stained, soiled, charred, shredded, or previously 
chemically processed. The evidence would be considered suitable for obliteration 
examination if it were an undamaged original. 



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. 



 
CONTROLS 



Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to ensure that 
the equipment is working properly. The ESDA and VSC will be subject to performance 
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verification testing using appropriate controls. They are ‘validated’ when they are checked 
with controls prior to use, and prior to being returned to service after repairs or 
maintenance.  See Quality Assurance in sections 3.2 and 3.3. 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 



SWGDOC Standard for Examination of Altered Documents 



SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 



SWGDOC Standard for Non-destructive Examination of Paper 
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3.2 VSC (VIDEO SPECTRAL COMPARATOR) 



 
INTRODUCTION 



Non-destructive VSC examination is used to differentiate inks and papers, detect changes to 
a document, to penetrate and decipher obliterations, and to establish the authenticity of an 
item, among other examinations.  



 
APPARATUS 



The instrumentation used for VSC examination is located at the San Diego Sheriff’s 
Department Regional Crime Laboratory. The examiner from the San Diego Police Department 
may use this equipment when a case requires this type of investigative tool.  



 
PROCEDURE 



The evidence will be evaluated for feasibility of success in a VSC examination. It would be 
unsuitable if it were not an original, and if it were damaged by improper handling and 
storage. The evidence would be considered suitable for VSC examination if it were an 
undamaged original. The examiner will become familiar with the operational features of the 
instrument prior to examining any case work related material. Controls will be checked prior 
to beginning case work as to confirm operating performance.  



 
CONTROLS 



Immediately prior to using the VSC for casework, appropriate controls must be tested to 
ensure that the equipment is working properly. These controls include the instrument’s IRR, 
IRL, Ultraviolet, and Transmitted light functions by examining the four sample documents 
provided by the manufacturer and comparing the results to the manufactures results.  
Document these results in the case notes. If another type of ALS is used, the examiner will 
test the IRR and IRL manufacturer sample documents and compare to the manufacturers 
results. Document the ALS settings in case notes.  



 
QUALITY ASSURANCE 



Documentation of the San Diego Sheriff’s Department’s compliance with the requirements of 
ISO/IEC 17025:2017 and ANAB AR 3125 will be included in the case notes.  The performance 
check(s), calibration documentation, and maintenance log(s) (when applicable) will be 
photocopied and included in the case packet. This documentation will support the fact that 
the instrument was in proper working order and was being maintained appropriately when 
the examiner was using the VSC.  



 
REFERENCES 



VSC Operations Manual 
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SWGDOC Standard for Examination of Altered Documents 



SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 



SWGDOC Standard for Non-destructive Examination of Paper  
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3.3 ELECTROSTATIC DETECTION APPARATUS 



 
INTRODUCTION 



The ESDA (Electrostatic Detection Apparatus) is used to detect indented writing (latent 
impressions) on documents. 



 
PROCEDURE 



The evidence will be evaluated for feasibility of success in an ESDA examination.It would be 
unsuitable if it were on thick or coated paper, or if it were in a damaged condition such as 
being crumpled or water damaged after the indentations were made. The size and shape of 
the evidence may also make it unsuitable (for example, items larger than the bed of the 
ESDA).The evidence would be considered suitable for ESDA examination if it were on light 
weight paper without coating or damage. 



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. 



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 
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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. 



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.  
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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" 



SWGDOC Standard for Indentation Examinations 



SWGDOC Standard for Examination of Altered Documents 



SWGDOC Standard for Non-destructive Examination of Paper 
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3.4 PHYSICAL MATCH OF PAPER CUTS, TEARS, AND 
PERFORATIONS 



 



The Questioned Documents Unit follows SWGDOC Standard for Physical Match of Paper Cuts, 
Tears, and Perforations in Forensic Document Examinations. 



The evidence will be evaluated for feasibility of success in a physical match examination. It 
would be unsuitable if it were in a damaged condition such as being crumpled, charred, 
water-damaged, or chemically processed. The evidence would be considered suitable for 
physical match examination if it were undamaged. 
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3.5 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  
 
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 
 
The evidence will be evaluated for feasibility of success in a stroke direction examination. It 
would be unsuitable if it were on highly porous paper or if the ink were of a low viscosity 
with a water or solvent base.  Damage to the document obscuring the ink with stains, soil, 
water damage, charring or shredding would make an exam unsuitable. The evidence would 
be considered suitable for stroke direction examination if it were on an undamaged paper 
with limited capillary action or written with ink with an oil, glycol, or rubber base.  
 
Criteria to evaluate direction of writing can include examining the paper microscopically for 
striations, inkless starts, and the placement of media deposits. These characteristics will be 
documented on the evidence sample prior to comparison to known exemplars.  



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. 
 
CONTROLS 



Immediately prior to using the ALS, VSC, or ESDA, run an appropriate control to ensure that 
the equipment is working properly. The ESDA and VSC will be subject to performance 
verification testing using appropriate controls. They are ‘validated’ when they are checked 
with controls prior to use, and prior to being returned to service after repairs or 
maintenance.  See Quality Assurance in sections 3.7 and 3.8. Document the results in the case 
notes. 
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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 
 
SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 



SWGDOC Standard for Non-destructive Examination of Paper 
 
SWGDOC Standard for Examination of Altered Documents 
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3.6 EXAMINATION OF HANDWRITTEN ITEMS 



 



The Questioned Documents Unit follows SWGDOC Standard for Examination of Handwritten 
Items. 



For Handwriting Exemplar Collection considerations, see the attachment, SDPD Collecting 
and Requesting Handwriting Exemplars. 



 
PROCEDURE 



The evidence will be evaluated for feasibility of success in a handwriting examination. It 
would be unsuitable if it were a poor quality photocopy, non-legible writing, writing 
obscured by stains, soiling, or alteration, without comparable known, not naturally written, 
of insufficient amount, and with limited individualizing characteristics. The evidence would 
be considered suitable for a handwriting examination if it were naturally written, of 
sufficient quality and quantity, and with comparable known writing. 



Criteria to aid in the examination of handwriting such as line width variation, tapered 
beginning and endings, smooth and continuous strokes, and individual characteristics will 
be documented on the evidence sample prior to comparison to known exemplars.   
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4.1 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, sufficiency of evidence evaluation, 
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, pencil, or highlighter to mark observed 
handwriting characteristics.  The markings may look like geometric shapes or symbols, but 
are only used to illustrate similarities, differences or variations in the flow and style of 
compared handwriting.  The markings or symbols are not abbreviations and do not provide a 
prescribed definition. 



 
CONCLUSIONS 



Our reports follow the format set in the Quality Manual and may include the following 
additional subheadings under Opinions and Interpretations: 



• Conclusive Findings 
• Qualified Findings 
• Indications 
• Inconclusive Findings 



and the possible additional header of ‘Requests’. 
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The Questioned Documents Unit follows SWGDOC Standard Terminology for Expressing 
Conclusions of Forensic Document Examiners. 



For inconclusive findings of “Neither Eliminate Nor Identify (NENI)” or “Indications”, the 
examiner will include a statement in the case notes to explain the limiting factors. 
 



FINAL PACKET REQUIREMENTS 



Standard Report 



1. Word-processed formal report 



2. Documents examination request form from clerical 



3. Questioned document note form 



4. Copies of evidence on identification and qualified opinions 



5. Display materials (optional) 



6. Correspondence (optional) 



7. Any additional official case documentation (i.e. chain of custody, instrument 
performance logs -- Sheriff Instrumentation only, 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   



processing must be photographed or scanned. 



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



 
All case packets are Technically and Administratively reviewed prior to distribution.  



If there is a discrepancy during technical review in regards to the opinions and 
interpretations, the compromise opinion will be the conclusion with the lesser level of 
examiner certainty.  



 
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. These will 
include the start date, completion date, and number of examinations.  
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5.1 ABBREVIATIONS 



(With or without Initial Capitalization)                                 



# or No. number 



+  plus or minus 



¶  paragraph 



Blk  black 



BLQ  bad line quality 



Bpt  Ballpoint pen 



Brdn  bank robbery demand note 



CA  common authorship 



CDL  Calif. Driver License 



Cf  compare 



CID  Calif. Identification Card 



d-c  due-course (adj. or noun) 



difs  differences noted 



Dups  duplicates, not notes 



elim  eliminate 



end  endorsement 



Ev ind  evidential indentations 



f/b  front and back 



face  obverse 



GLQ  good line quality 



H/hum  humidity 



HP  hand printing 



HP  highly probable 



HW  handwriting 



ID  identify 



K  known 



lm  left message 



Ms  Master/Original 



MS  maker signature 



neg  negative 



NENI  neither eliminate nor identify 



Orig  original 











Page 21 of 21    
Questioned Documents Unit Manual                                                             



Approved By: Chelsea Carter, Supervising Criminalist 
September 6, 2019 



p/ee  payee 



P  probable 



Prob  probable 



ph  phone 



pos  positive 



Poss  possibly 



Q  questioned 



Rdn  robbery demand note 



Rec’d  received 



req  request 



rev  reverse or back 



sig  signature 



sims  similarities noted 



SSN  Social Security Number 



TW  typewriting 



uv  unexplained variations 



vm  voicemail 



w/  with 



w & w/o with and without 



w  writing 
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			2.4 RECEIVING EVIDENCE


			3.1 OBLITERATIONS


			3.2 VSC (video spectral comparator)


			3.3 ELECTROSTATIC DETECTION APPARATUS
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COLLECTING AND REQUESTING HANDWRITING EXEMPLARS 
 



All material submitted should be original, as copies are poor substitutions for original writings and may lead to 
inconclusive findings.  Copies should be submitted only if original documents are not available. 



 
TYPES of Exemplars (also called Specimen Material and Standards): 
 



1. Due-Course:   These are normal, everyday, course-of-business writings of a suspect or victim that exist unrelated to the crime.  
Due-course writings are more likely to be naturally written and thus reflect the person’s true writing habits.  Examples of due-
course writings are almost unlimited.  One need only consider the individual’s business or personal activities that require 
him/her to write: cancelled checks; welfare, probation, prison, jail, and juvenile records; job, rental and credit applications; 
notes, letters, licenses, minutes, military records, and witnessed writings.  Due-course writings are also called collected 
writings. 



 



2. Request:   Request writings are specimens obtained from an individual at the investigator’s request.  Made from dictation, they 
insure that the known writing, whether signatures or lengthy text, is comparable in wording, style, slant, size, and format to the 
questioned writing.  These requested writings include standardized handwriting cards and are sometimes called dictated 
writings. 



 



PREPARATION for Requesting Exemplars: Collecting Due-Course Writings and Evaluating Questioned Writings 
 



1. Before requesting exemplars, try and collect at least the subject’s driver license (and any other writings on the person that the 
subject is willing to admit to authorship and initial) in order to evaluate the naturalness of the requested writing. 



  {For best results, the following due-course writings should be collected before submitting the case to the document unit for 
handwriting comparison: 



  a. ALL DMV Applications and Soundex (CDL) Signatures for ALL SUSPECTS, AKA’s, and VICTIMS (faxes are initially 
acceptable for rush cases, but also get a copy mailed). 



  b. Local law enforcement records (traffic cites, fingerprint cards, pawn slips, booking and property records).} 
 



2. Evaluate the questioned writing in order to request comparable writing: 
  a. Style: Cursive  v.  all capitals  v.  upper and lower case handprinting  v.  mixed cursive and handprinting 
  b. Size: Tiny  v.  small  v.  medium  v.  large 
  c. Slant: Left  v.  right  v.  vertical  v.  mixed 
  d. Format: Take samples on pieces of paper that match the questioned document in size, shape, and arrangement of 



lines; duplicate forms by photocopying and then whiting-out the questioned writing, or by getting 
unmarked sample forms from the company 



  e. Conditions: Duplicate writing instrument (ballpoint  v.  felt tip  v.  pencil); Duplicate paper (rough surface grocery 
bag  v.  slick glossy magazine); Duplicate posture (standing  v.  sitting) 



 



INSTRUCTIONS for Requesting Exemplars 
 



1. Do NOT let the subject see the questioned writing. 
 



2. First, have the subject fill out a PD-296 Handwriting Exemplar Form; then dictate the questioned writing.  Two exemplar forms 
should be collected (one cursive, one printing), and the dictated writing should also be requested in both handwriting and 
handprinting if the questioned writing is in mixed style (handwriting and handprinting). 



 



3. Have the subject write the majority of the exemplars with black ballpoint pen.  But also get a few samples in pencil or felt tip 
pen or crayon, etc., if it was used on the questioned document. 



 



4. Dictate ALL questioned writing, including endorsement information, providing paper similar to the questioned document. 
 



5. Collect, number, and initial each exemplar as it is executed by the subject, removing it from the writer’s view. 
 



6. The number of samples varies with each case, but as a general rule obtain 20-30 repetitions of signatures each on a separate 
exemplar, 10-15 repetitions of checks, and 3 or 4 repetitions of extended documents such as a 3-page extortion letter.  These 
amounts should be considered as the minimum.  Take more if possible.  There is no such thing as ‘too many’ exemplars. 



 



7. Be certain that comparable wording, style, size, slant, and format are obtained. 
 



8. Disguise may be detected by comparing due-course writing with the exemplars being given and by watching the subject write.  
The subject might slow his writing speed to a deliberate pace or speed it up carelessly, increase pen pressure, change styles, 
change capital letters, alter the slant, or make exaggerated or grotesque letter forms.  Irregular slant, style, and size are signs. 



 



9. If the subject refuses to provide exemplars and is directed by a court order to provide them, make sure the order specifies normal 
handwriting in the amount, type, and wording as directed by the investigators. 



 



10. If you have any questions, please call 531-2577 and discuss them with the Forensic Document Examiners. 
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SWGDOC Standard Terminology for Expressing Conclusions of Forensic Document Examiners 



 



1. Scope  



1.1 This terminology is intended to assist forensic document examiners in expressing conclusions or opinions based on 



their examinations.  



1.2 The terms in this terminology are based on the report of a committee of the Questioned Document Section of the 



American Academy of Forensic Science that was adopted as the recommended guidelines in reports and testimony by 



the Questioned Document Section of the American Academy of Forensic Science and the American Board of Forensic 



Document Examiners.
1
  



 



2. Referenced Documents  



2.1 Standards 



SWGDOC Standard for Scope of Work of Forensic Document Examiners 



 



3. Significance and Use  



3.1 Document examiners begin examinations from a point of 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 terminology 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. The expressions used to differentiate the 



gradations of opinions should not be considered as strongly defined “categories”. 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, that is, 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 handwriting, forensic document examiners may apply this 



terminology to other examinations within the scope of their work, as described in SWGDOC Standard for Scope of 



Work of Forensic Document Examiners, 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 appropriate safety and health practices and determine the 



applicability 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 



examiners 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.  



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 an identification is not in order; however, the examiner is virtually certain that the questioned 



and known writings were written by the same individual.  



Examples—There is strong probability that 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 material very probably wrote the 



questioned material.  



DISCUSSION—Some examiners doubt the desirability of differentiating between strong 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.  



                                                 
1
 McAlexander T.V., Beck, J., and Dick, R., “The Standardization of Handwriting Opinion Terminology,” Journal of 



Forensic Science, Vol 36, No. 2, March 1991, pp. 311–319. 
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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 material probably wrote the 



questioned material.  



indications (evidence to suggest)—a body of writing has few features which are of significance for handwriting 



comparison purposes, but those features are in agreement with another body of writing.  



Examples—There is evidence which indicates (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 evidence indicates that 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 conclusion 



could 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 evidence suggests that the John Doe of the known material did not write the questioned material, or I 



found indications that the John Doe of the known material did not write the questioned material but the evidence is far 



from conclusive.  



See Discussion after indications.  



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 “unlikely” in place of “probably did not” may wish to 



use “highly unlikely” here.  



elimination—this, like the definite conclusion of identity, is the highest degree of confidence expressed by the 



document examiner in handwriting comparisons. By using this expression 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.  



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 
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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 is no 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 differences 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 believe and belief 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 an identification or elimination.  
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SWGDOC Standard for Examination of Altered Documents 



1. Scope  



1.1 This standard provides procedures for examinations that should be used by forensic document examiners 



(SWGDOC Standard for Scope of Work of Forensic Document Examiners) for examinations involving altered 



documents.  



1.2 These procedures are applicable whether the examination(s) are of questioned and known items, exclusively 



questioned 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 



examination.  



1.5 This standard 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 appropriate safety and health practices and determine the 



applicability of regulatory requirements prior to use.  



2. Referenced Documents  



2.1 Standards: 



ASTM E1732 Terminology Relating to Forensic Science  



SWGDOC Standard for Scope of Work of Forensic Document Examiners  



SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  



SWGDOC Terminology Relating to the Examination of Questioned Documents  



SWGDOC Standard for Indentation Examinations  



3. Terminology  



3.1 Definitions:  



3.1.1 For definitions of terms in this standard, refer to Terminologies E1732 and SWGDOC Terminology Relating 



to the Examination of Questioned Documents .  



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 transforms a digital image.  



3.2.4 electrostatic detection device (EDD), n—an instrument 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. SWGDOC Standard for Test Methods for Forensic Writing Ink 



Comparison   



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. SWGDOC Standard for Test Methods for Forensic Writing Ink 



Comparison  



3.2.8 infrared luminescence (IRL), n—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. 



SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  



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. SWGDOC Standard for Test Methods for Forensic Writing Ink 



Comparison  



Discussion—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  





http://dx.doi.org/10.1520/E1732


http://dx.doi.org/10.1520/E2195


http://dx.doi.org/10.1520/E2195


http://dx.doi.org/10.1520/E2195








SWGDOC Standard for Examination of Altered Documents 
 



ver. 2013-1 Page 2 
Copyright by SWGDOC (all rights reserved); Wed Jan 14 13:26:05 CDT 2015 



5.1 Items submitted for examination may have inherent limitations that can interfere with the procedures in this 



standard. 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 standard.  



5.3 The results of prior storage, handling, testing, or chemical processing (for example, for latent prints) may 



interfere with the ability of the examiner to examine certain characteristics. Whenever possible, document 



examinations should be conducted prior to any chemical processing. Items should be handled appropriately to avoid 



compromising subsequent examinations.  



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 distinguished.  



6.3 The following additional equipment may be used as required:  



6.3.1 IR image conversion device or system with appropriate 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 observations.  



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.  



6.3.7 Sufficient time and facilities to complete all applicable procedures.  



7. Procedure  



7.0 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 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 Examine the document for the presence of characteristics 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 microscopically, or both.  



7.6 Examine the document using various lighting techniques, such as side lighting (SWGDOC Standard for 



Indentation Examinations), and transmitted lighting.  



7.7 Examine the document using visualizing techniques such as UV, RIR, and IRL (SWGDOC Standard for Test 



Methods for Forensic Writing Ink Comparison).  



7.8 Make appropriate measurements.  
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7.9 Process the document using an EDD.  



7.10 Examine the document with appropriate imaging techniques, 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 otherwise change the document. They should be performed only 



after non-destructive methods have been exhausted.  



7.13.1 The use of destructive examination methods may interfere with the potential for other types of forensic 



examinations (for example, chemical ink or latent print examinations).  



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 document(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 SWGDOC Standard for Test Methods for Forensic Writing Ink 



Comparison.  



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) resulting from the procedures in this standard 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 



documentation and may also appear in the report.  



8.3 Once examinations and evaluations have been completed, 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; obliterations; overwriting; questioned documents  
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SWGDOC Standard for Examination of Handwritten Items 



1. Scope  



1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 



Scope of Work of Forensic Document Examiners) for examinations and comparisons involving handwritten items 



and related procedures.  



1.2 These procedures are applicable whether the examination 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 



examination.  



1.5 This standard 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 appropriate safety and health practices and determine the 



applicability of regulatory requirements prior to use.  



2. Referenced Documents  



2.1 Standards: 



ASTM E1732 Terminology Relating to Forensic Science  



SWGDOC Standard for Scope of Work of Forensic Document Examiners 



SWGDOC Terminology for Expressing Conclusions of Forensic Document Examiners 



SWGDOC Terminology Relating to the Examination of Questioned Documents 



3. Terminology  



3.1 For definitions of terms in this standard, refer to Terminologies E1732 and SWGDOC Terminology Relating to 



the Examination of Questioned Documents.  



3.2 Definitions:  



3.2.1 known, n/adj——of established origin associated with the matter under investigation. E1732  



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. E1732  



3.3 Definitions of Terms Specific to This Standard:  



3.3.1 absent character, n—a character or character combination 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 property 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 involuntary factors (for example, physical condition of 



the writer, writing conditions).  



3.3.6 handwritten item, n—an item bearing something written 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 properties 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 differentiate 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.  



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 deviations among repetitions of respective handwriting 



characteristics that are demonstrated in the writing habits of an individual. (See variation, 3.3.15).  



3.3.11 significant difference, n—an individualizing characteristic 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 characteristic in common between two or more handwritten items.  



3.3.13 sufficient quantity, n—that amount of writing required to assess the writer’s range of variation, based on the 



writing examined.  
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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 



demonstrated in the habits of each writer.  



Discussion—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 



examination purposes. Variation can be influenced by internal factors such as illness, medication, intentional 



distortion, etc. and external factors such as writing conditions and writing instrument, 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 



Standard. 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 standard.  



5.3 The results of prior storage, handling, testing, or chemical processing (for example, for latent prints) may interfere 



with the ability of the examiner to see certain characteristics. Whenever possible, document examinations should be 



conducted prior to any chemical processing. Items should be handled appropriately to avoid compromising 



subsequent examinations (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 distinguished.  



6.3 Other apparatus as appropriate.  



6.4 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 



performed 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.  



7.7 Evaluate the questioned writing for the following:  
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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 subgroups, 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 7.12.  



7.8 Determine whether the known writing is original writing. 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, discontinue 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 inconsistencies 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, discontinue 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 characters, and similarities.  



7.12.2 Evaluate their significance individually and in combination.  



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 standard lines of various forms should be evaluated 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.  
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8. Reporting Conclusions  



8.1 The conclusion(s) or opinion(s) resulting from the procedures in this standard 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), or opinion(s), should be included in the examiner’s documentation 



and may appear in the report. 



8.3 Refer to SWGDOC Terminology for Expressing Conclusions of Forensic Document Examiners for reporting 



conclusion(s) or opinion(s). 



9. Keywords 



9.1 forensic sciences; handwriting; questioned documents 
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SWGDOC Standard for Indentation Examinations 



1. Scope  



1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 



Scope of Work of Forensic Document Examiners) for examinations and comparisons involving visualization and 



recording of indentations.  



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 



examination.  



1.4 This standard 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 appropriate safety and health practices and determine the 



applicability of regulatory requirements prior to use.  



2. Referenced Documents  



2.1 Standards: 



ASTM E1732 Terminology Relating to Forensic Science  



SWGDOC Standard for Scope of Work of Forensic Document Examiners  



SWGDOC Terminology Relating to the Examination of Questioned Documents  



3. Terminology  



3.1 Definitions—For definitions of terms in this standard, refer to Terminologies E1732 and SWGDOC 



Terminology Relating to the Examination of Questioned Documents.   



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 instrument 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.  



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 standard 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 standard.  



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 standard. 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).  



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 processing may interfere with these procedures. Chemical 



processing for latent prints generally interferes with indentation examination results. Indentation examinations 
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should be conducted prior to any chemical processing. Items should be handled appropriately to avoid 



compromising subsequent examinations (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). Improper 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 



performed 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 examination.  



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 visualized, the problem shall be corrected before any further 



indentation 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) resulting from the procedures in this standard 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 completed, reports may include the following types of 



conclusion(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  
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SWGDOC Standard for Non-destructive Examination of Paper 



1. Scope  



1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 



Scope of Work of Forensic Document Examiners) for nondestructive examinations of paper.  



1.2 These procedures are applicable whether the examination 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 



examination.  



1.5 This standard 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 appropriate safety and health practices and determine the 



applicability of regulatory limitations prior to use.  



2. Referenced Documents  



2.1 Standards: 



ASTM E1732 Terminology Relating to Forensic Science  



SWGDOC Standard for Scope of Work of Forensic Document Examiners  



SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  



3. Terminology  



3.1 Definitions:  



3.1.1 For definitions of terms in this standard, refer to Terminology E1732.  



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. E284  



3.2.3 infrared luminescence (IRL), n—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. 



SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  



3.2.4 luminescence, n—the emission of radiant energy during a transition from an excited electronic state of an 



atom, molecule, or ion to a lower electronic state. SWGDOC Standard for Test Methods for Forensic Writing Ink 



Comparison  



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 100 nm to 380 nm. SWGDOC Standard for Test Methods for Forensic Writing Ink 



Comparison   



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 formation 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 



evaluate the physical similarities or differences between papers that can lead to a determination as to whether papers 



originated from the same source.  



5. Interferences  



5.1 Certain items submitted for examination may have inherent limitations that can interfere with the procedures in 



this standard. 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 interferes with non-destructive paper examination. Paper 



examinations should be conducted prior to any chemical processing.  
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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 distinguished.  



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 standard, 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, 



discontinue 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 appropriate 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 observed.  



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 contamination, 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 magnification, or UV sources, or both for remnants of binding, 



adhesives, or padding material.  
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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.  



7.17 Examine paper samples with lines or other printed material with appropriate instruments capable of 



magnification, 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 differences 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. Determine their significance individually and in combination 



and reach a conclusion.  



8. Report  



8.1 Conclusion(s), or opinion(s), or other finding(s) resulting from the procedures in this standard may be reached 



once sufficient examinations have been conducted.  



8.2 The bases and reasons for the conclusion(s) or opinion(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 completed, 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 



attached, 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, 



printing, 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 



attached, handled by, or originating from the same source.  



9. Keywords  



9.1 forensic document examination; forensic sciences; nondestructive paper examination; paper; questioned 



documents; watermark  
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SWGDOC Standard for Physical Match of Paper Cuts, Tears, and Perforations in Forensic Document 



Examinations 



1. Scope  



1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 



Scope of Work of Forensic Document Examiners) 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 examination(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 standard 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 appropriate safety and health practices and determine the 



applicability of regulatory requirements prior to use.  



2. Referenced Documents  



2.1 Standards: 



ASTM E1732 Terminology Relating to Forensic Science  



SWGDOC Standard for Scope of Work of Forensic Document Examiners 



SWGDOC Terminology Relating to the Examination of Questioned Documents 



3. Terminology  



3.1 Definitions—For definitions of terms in this standard, refer to Terminology E1732 and SWGDOC Terminology 



Relating to the Examination of Questioned Documents.  



4. Significance and Use  



4.1 This standard 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 



standard. Limitations should be noted and recorded.  



5.2 Limitations can be due to limited quantity, or comparability, 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 standard.  



5.3 The results of prior storage, handling, testing, or chemical processing (for example, for latent prints) can interfere 



with the examination of certain characteristics. Whenever possible, document examinations should be conducted prior 



to any chemical processing. Items should be handled appropriately to avoid compromising subsequent examinations.  



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.  



6.2 Magnification sufficient to allow fine detail to be distinguished.  



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 



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 or not the specimens are broken or separated.  
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7.5 Determine whether or not the specimens are suitable to be physically realigned.  



7.6 Evaluate the specimens for individualizing characteristics.  



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. Determine 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) resulting from the procedures in this standard 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 



documentation and may also be included in the report.  



8.3 Once examinations and comparisons have been completed, 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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SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 



INTRODUCTION  



This standard is intended to be a general standard for forensic ink examinations, both for the experienced document 



examiner (SWGDOC Standard for Scope of Work of Forensic Document Examiners) 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 standard 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 standard 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 standard.  



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 appropriate safety and health practices and determine the 



applicability of regulatory limitations prior to use.  



2. Referenced Documents  



2.1 Standards: 



ASTM D1535 Practice for Specifying Color by the Munsell System  



ASTM E131 Terminology Relating to Molecular Spectroscopy  



ASTM E284 Terminology of Appearance  



SWDOC Standard for Scope of Work of Forensic Document Examiners  



NIST/NBS Standard Sample No. 2106 ISCC-NBS Centroid Color Charts  



NIST/NBS Special Pub. 440 Color: Universal Language and Dictionary of Names  



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 characteristic 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. (E284)  



3.1.4 infrared (IR)—referring to radiant flux having wavelengths longer than the wavelengths of light, usually wave-



lengths from about 760 nm to about 3 mm. (E284)  



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. (E284)  



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. (E131)  



3.1.7 metamers—specimens differing in spectral reflectance but having colors that match in light of one spectral 



composition, when viewed by one observer, but may not match in light of other spectral compositions, or when viewed 



by another observer. (E284)  



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. (E284)  



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.  
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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 incorporation of pigments into these formulations, the procedures outlined in this 



standard 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 distinguish between ink samples at a given level of analysis.  



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 standard 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 standard, 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 manufacturing 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 standard, 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 standard.  



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 standard, 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.  



4.6.1 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, 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 procedures outlined here are sufficiently 



discriminating that formulas are distinguishable.  
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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 components. 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, 23).  



6.4 Reagents for Thin Layer Chromatography (TLC) Developing 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, 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 appropriate film or other sensor, lighting, and filters for 



differentiation of ink samples.  



6.6.6 Photographic or other imaging equipment with appropriate 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 appropriate 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 available (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 continuous 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 witha1cmto3cm 



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.  
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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 recording observations as required.  



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 suggested.  



6.7.5 Precoated Plastic or Glass Sheets/Plates of Silica Gel, without fluorescent indicator (60 Å pore size
5 



).  



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 maintained 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 indentation 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 metamers 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. (NIST NBS Standard 



Sample No. 2106, NIST NBS Special Pub. 440.)  



7.1.4 Microspectrophotometry (17) can be useful in differentiating 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 document 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 
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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):  



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 substrate will appear lighter than the substrate; strongly 



luminescent 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 differentiate 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 chromatography, high pressure liquid chromatography (HPLC), 
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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 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 extractions 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 approximately 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 D1535, NIST NBS Standard Sample No. 2106, NIST 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 simultaneously 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 additional 



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 spota1mm 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 recommended. 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 components exhibit sufficient separation to 



allow comparison or for approximately 15 min.  
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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 fluorescent 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 evaluate 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.  



8Additional 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) Techniques:  



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, 



surfactants, humectants, and resins. They may be of use in certain situations, but are not generally necessary in 



performing routine ink comparisons.  



8.2.1.1 Batch-to batch variation within an ink formula may be detectable utilizing analytical methods, such as 



chromatography, 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, 



electrophoresis, 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:  
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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 



manufacturing 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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COLLECTING AND REQUESTING HANDWRITING EXEMPLARS 
 


All material submitted should be original, as copies are poor substitutions for original writings and may lead to 
inconclusive findings.  Copies should be submitted only if original documents are not available. 


 
TYPES of Exemplars (also called Specimen Material and Standards): 
 


1. Due-Course:   These are normal, everyday, course-of-business writings of a suspect or victim that exist unrelated to the crime.  
Due-course writings are more likely to be naturally written and thus reflect the person’s true writing habits.  Examples of due-
course writings are almost unlimited.  One need only consider the individual’s business or personal activities that require 
him/her to write: cancelled checks; welfare, probation, prison, jail, and juvenile records; job, rental and credit applications; 
notes, letters, licenses, minutes, military records, and witnessed writings.  Due-course writings are also called collected 
writings. 


 


2. Request:   Request writings are specimens obtained from an individual at the investigator’s request.  Made from dictation, they 
insure that the known writing, whether signatures or lengthy text, is comparable in wording, style, slant, size, and format to the 
questioned writing.  These requested writings include standardized handwriting cards and are sometimes called dictated 
writings. 


 


PREPARATION for Requesting Exemplars: Collecting Due-Course Writings and Evaluating Questioned Writings 
 


1. Before requesting exemplars, try and collect at least the subject’s driver license (and any other writings on the person that the 
subject is willing to admit to authorship and initial) in order to evaluate the naturalness of the requested writing. 


  {For best results, the following due-course writings should be collected before submitting the case to the document unit for 
handwriting comparison: 


  a. ALL DMV Applications and Soundex (CDL) Signatures for ALL SUSPECTS, AKA’s, and VICTIMS (faxes are initially 
acceptable for rush cases, but also get a copy mailed). 


  b. Local law enforcement records (traffic cites, fingerprint cards, pawn slips, booking and property records).} 
 


2. Evaluate the questioned writing in order to request comparable writing: 
  a. Style: Cursive  v.  all capitals  v.  upper and lower case handprinting  v.  mixed cursive and handprinting 
  b. Size: Tiny  v.  small  v.  medium  v.  large 
  c. Slant: Left  v.  right  v.  vertical  v.  mixed 
  d. Format: Take samples on pieces of paper that match the questioned document in size, shape, and arrangement of 


lines; duplicate forms by photocopying and then whiting-out the questioned writing, or by getting 
unmarked sample forms from the company 


  e. Conditions: Duplicate writing instrument (ballpoint  v.  felt tip  v.  pencil); Duplicate paper (rough surface grocery 
bag  v.  slick glossy magazine); Duplicate posture (standing  v.  sitting) 


 


INSTRUCTIONS for Requesting Exemplars 
 


1. Do NOT let the subject see the questioned writing. 
 


2. First, have the subject fill out a PD-296 Handwriting Exemplar Form; then dictate the questioned writing.  Two exemplar forms 
should be collected (one cursive, one printing), and the dictated writing should also be requested in both handwriting and 
handprinting if the questioned writing is in mixed style (handwriting and handprinting). 


 


3. Have the subject write the majority of the exemplars with black ballpoint pen.  But also get a few samples in pencil or felt tip 
pen or crayon, etc., if it was used on the questioned document. 


 


4. Dictate ALL questioned writing, including endorsement information, providing paper similar to the questioned document. 
 


5. Collect, number, and initial each exemplar as it is executed by the subject, removing it from the writer’s view. 
 


6. The number of samples varies with each case, but as a general rule obtain 20-30 repetitions of signatures each on a separate 
exemplar, 10-15 repetitions of checks, and 3 or 4 repetitions of extended documents such as a 3-page extortion letter.  These 
amounts should be considered as the minimum.  Take more if possible.  There is no such thing as ‘too many’ exemplars. 


 


7. Be certain that comparable wording, style, size, slant, and format are obtained. 
 


8. Disguise may be detected by comparing due-course writing with the exemplars being given and by watching the subject write.  
The subject might slow his writing speed to a deliberate pace or speed it up carelessly, increase pen pressure, change styles, 
change capital letters, alter the slant, or make exaggerated or grotesque letter forms.  Irregular slant, style, and size are signs. 


 


9. If the subject refuses to provide exemplars and is directed by a court order to provide them, make sure the order specifies normal 
handwriting in the amount, type, and wording as directed by the investigators. 


 


10. If you have any questions, please call 531-2577 and discuss them with the Forensic Document Examiners. 
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SWGDOC Standard Terminology for Expressing Conclusions of Forensic Document Examiners 


 


1. Scope  


1.1 This terminology is intended to assist forensic document examiners in expressing conclusions or opinions based on 


their examinations.  


1.2 The terms in this terminology are based on the report of a committee of the Questioned Document Section of the 


American Academy of Forensic Science that was adopted as the recommended guidelines in reports and testimony by 


the Questioned Document Section of the American Academy of Forensic Science and the American Board of Forensic 


Document Examiners.
1
  


 


2. Referenced Documents  


2.1 Standards 


SWGDOC Standard for Scope of Work of Forensic Document Examiners 


 


3. Significance and Use  


3.1 Document examiners begin examinations from a point of 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 terminology 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. The expressions used to differentiate the 


gradations of opinions should not be considered as strongly defined “categories”. 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, that is, 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 handwriting, forensic document examiners may apply this 


terminology to other examinations within the scope of their work, as described in SWGDOC Standard for Scope of 


Work of Forensic Document Examiners, 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 appropriate safety and health practices and determine the 


applicability 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 


examiners 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.  


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 an identification is not in order; however, the examiner is virtually certain that the questioned 


and known writings were written by the same individual.  


Examples—There is strong probability that 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 material very probably wrote the 


questioned material.  


DISCUSSION—Some examiners doubt the desirability of differentiating between strong 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.  


                                                 
1
 McAlexander T.V., Beck, J., and Dick, R., “The Standardization of Handwriting Opinion Terminology,” Journal of 


Forensic Science, Vol 36, No. 2, March 1991, pp. 311–319. 
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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 material probably wrote the 


questioned material.  


indications (evidence to suggest)—a body of writing has few features which are of significance for handwriting 


comparison purposes, but those features are in agreement with another body of writing.  


Examples—There is evidence which indicates (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 evidence indicates that 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 conclusion 


could 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 evidence suggests that the John Doe of the known material did not write the questioned material, or I 


found indications that the John Doe of the known material did not write the questioned material but the evidence is far 


from conclusive.  


See Discussion after indications.  


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 “unlikely” in place of “probably did not” may wish to 


use “highly unlikely” here.  


elimination—this, like the definite conclusion of identity, is the highest degree of confidence expressed by the 


document examiner in handwriting comparisons. By using this expression 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.  


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 
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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 is no 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 differences 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 believe and belief 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 an identification or elimination.  
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SWGDOC Standard for Examination of Altered Documents 


1. Scope  


1.1 This standard provides procedures for examinations that should be used by forensic document examiners 


(SWGDOC Standard for Scope of Work of Forensic Document Examiners) for examinations involving altered 


documents.  


1.2 These procedures are applicable whether the examination(s) are of questioned and known items, exclusively 


questioned 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 


examination.  


1.5 This standard 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 appropriate safety and health practices and determine the 


applicability of regulatory requirements prior to use.  


2. Referenced Documents  


2.1 Standards: 


ASTM E1732 Terminology Relating to Forensic Science  


SWGDOC Standard for Scope of Work of Forensic Document Examiners  


SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  


SWGDOC Terminology Relating to the Examination of Questioned Documents  


SWGDOC Standard for Indentation Examinations  


3. Terminology  


3.1 Definitions:  


3.1.1 For definitions of terms in this standard, refer to Terminologies E1732 and SWGDOC Terminology Relating 


to the Examination of Questioned Documents .  


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 transforms a digital image.  


3.2.4 electrostatic detection device (EDD), n—an instrument 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. SWGDOC Standard for Test Methods for Forensic Writing Ink 


Comparison   


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. SWGDOC Standard for Test Methods for Forensic Writing Ink 


Comparison  


3.2.8 infrared luminescence (IRL), n—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. 


SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  


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. SWGDOC Standard for Test Methods for Forensic Writing Ink 


Comparison  


Discussion—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  



http://dx.doi.org/10.1520/E1732

http://dx.doi.org/10.1520/E2195

http://dx.doi.org/10.1520/E2195
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5.1 Items submitted for examination may have inherent limitations that can interfere with the procedures in this 


standard. 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 standard.  


5.3 The results of prior storage, handling, testing, or chemical processing (for example, for latent prints) may 


interfere with the ability of the examiner to examine certain characteristics. Whenever possible, document 


examinations should be conducted prior to any chemical processing. Items should be handled appropriately to avoid 


compromising subsequent examinations.  


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 distinguished.  


6.3 The following additional equipment may be used as required:  


6.3.1 IR image conversion device or system with appropriate 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 observations.  


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.  


6.3.7 Sufficient time and facilities to complete all applicable procedures.  


7. Procedure  


7.0 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 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 Examine the document for the presence of characteristics 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 microscopically, or both.  


7.6 Examine the document using various lighting techniques, such as side lighting (SWGDOC Standard for 


Indentation Examinations), and transmitted lighting.  


7.7 Examine the document using visualizing techniques such as UV, RIR, and IRL (SWGDOC Standard for Test 


Methods for Forensic Writing Ink Comparison).  


7.8 Make appropriate measurements.  
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7.9 Process the document using an EDD.  


7.10 Examine the document with appropriate imaging techniques, 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 otherwise change the document. They should be performed only 


after non-destructive methods have been exhausted.  


7.13.1 The use of destructive examination methods may interfere with the potential for other types of forensic 


examinations (for example, chemical ink or latent print examinations).  


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 document(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 SWGDOC Standard for Test Methods for Forensic Writing Ink 


Comparison.  


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) resulting from the procedures in this standard 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 


documentation and may also appear in the report.  


8.3 Once examinations and evaluations have been completed, 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; obliterations; overwriting; questioned documents  








SWGDOC Standard for Examination of Handwritten Items 


 


ver. 2013-1                                                                                                                                                                                                           Page 1 
Copyright by SWGDOC (all rights reserved); Wed Jan 14 13:26:05 CDT 2015 


SWGDOC Standard for Examination of Handwritten Items 


1. Scope  


1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 


Scope of Work of Forensic Document Examiners) for examinations and comparisons involving handwritten items 


and related procedures.  


1.2 These procedures are applicable whether the examination 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 


examination.  


1.5 This standard 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 appropriate safety and health practices and determine the 


applicability of regulatory requirements prior to use.  


2. Referenced Documents  


2.1 Standards: 


ASTM E1732 Terminology Relating to Forensic Science  


SWGDOC Standard for Scope of Work of Forensic Document Examiners 


SWGDOC Terminology for Expressing Conclusions of Forensic Document Examiners 


SWGDOC Terminology Relating to the Examination of Questioned Documents 


3. Terminology  


3.1 For definitions of terms in this standard, refer to Terminologies E1732 and SWGDOC Terminology Relating to 


the Examination of Questioned Documents.  


3.2 Definitions:  


3.2.1 known, n/adj——of established origin associated with the matter under investigation. E1732  


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. E1732  


3.3 Definitions of Terms Specific to This Standard:  


3.3.1 absent character, n—a character or character combination 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 property 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 involuntary factors (for example, physical condition of 


the writer, writing conditions).  


3.3.6 handwritten item, n—an item bearing something written 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 properties 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 differentiate 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.  


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 deviations among repetitions of respective handwriting 


characteristics that are demonstrated in the writing habits of an individual. (See variation, 3.3.15).  


3.3.11 significant difference, n—an individualizing characteristic 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 characteristic in common between two or more handwritten items.  


3.3.13 sufficient quantity, n—that amount of writing required to assess the writer’s range of variation, based on the 


writing examined.  
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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 


demonstrated in the habits of each writer.  


Discussion—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 


examination purposes. Variation can be influenced by internal factors such as illness, medication, intentional 


distortion, etc. and external factors such as writing conditions and writing instrument, 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 


Standard. 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 standard.  


5.3 The results of prior storage, handling, testing, or chemical processing (for example, for latent prints) may interfere 


with the ability of the examiner to see certain characteristics. Whenever possible, document examinations should be 


conducted prior to any chemical processing. Items should be handled appropriately to avoid compromising 


subsequent examinations (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 distinguished.  


6.3 Other apparatus as appropriate.  


6.4 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 


performed 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.  


7.7 Evaluate the questioned writing for the following:  
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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 subgroups, 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 7.12.  


7.8 Determine whether the known writing is original writing. 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, discontinue 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 inconsistencies 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, discontinue 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 characters, and similarities.  


7.12.2 Evaluate their significance individually and in combination.  


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 standard lines of various forms should be evaluated 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.  
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8. Reporting Conclusions  


8.1 The conclusion(s) or opinion(s) resulting from the procedures in this standard 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), or opinion(s), should be included in the examiner’s documentation 


and may appear in the report. 


8.3 Refer to SWGDOC Terminology for Expressing Conclusions of Forensic Document Examiners for reporting 


conclusion(s) or opinion(s). 


9. Keywords 


9.1 forensic sciences; handwriting; questioned documents 
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SWGDOC Standard for Indentation Examinations 


1. Scope  


1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 


Scope of Work of Forensic Document Examiners) for examinations and comparisons involving visualization and 


recording of indentations.  


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 


examination.  


1.4 This standard 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 appropriate safety and health practices and determine the 


applicability of regulatory requirements prior to use.  


2. Referenced Documents  


2.1 Standards: 


ASTM E1732 Terminology Relating to Forensic Science  


SWGDOC Standard for Scope of Work of Forensic Document Examiners  


SWGDOC Terminology Relating to the Examination of Questioned Documents  


3. Terminology  


3.1 Definitions—For definitions of terms in this standard, refer to Terminologies E1732 and SWGDOC 


Terminology Relating to the Examination of Questioned Documents.   


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 instrument 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.  


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 standard 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 standard.  


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 standard. 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).  


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 processing may interfere with these procedures. Chemical 


processing for latent prints generally interferes with indentation examination results. Indentation examinations 
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should be conducted prior to any chemical processing. Items should be handled appropriately to avoid 


compromising subsequent examinations (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). Improper 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 


performed 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 examination.  


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 visualized, the problem shall be corrected before any further 


indentation 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) resulting from the procedures in this standard 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 completed, reports may include the following types of 


conclusion(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; forensic science; indentations; questioned documents  
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SWGDOC Standard for Non-destructive Examination of Paper 


1. Scope  


1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 


Scope of Work of Forensic Document Examiners) for nondestructive examinations of paper.  


1.2 These procedures are applicable whether the examination 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 


examination.  


1.5 This standard 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 appropriate safety and health practices and determine the 


applicability of regulatory limitations prior to use.  


2. Referenced Documents  


2.1 Standards: 


ASTM E1732 Terminology Relating to Forensic Science  


SWGDOC Standard for Scope of Work of Forensic Document Examiners  


SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  


3. Terminology  


3.1 Definitions:  


3.1.1 For definitions of terms in this standard, refer to Terminology E1732.  


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. E284  


3.2.3 infrared luminescence (IRL), n—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. 


SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison  


3.2.4 luminescence, n—the emission of radiant energy during a transition from an excited electronic state of an 


atom, molecule, or ion to a lower electronic state. SWGDOC Standard for Test Methods for Forensic Writing Ink 


Comparison  


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 100 nm to 380 nm. SWGDOC Standard for Test Methods for Forensic Writing Ink 


Comparison   


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 formation 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 


evaluate the physical similarities or differences between papers that can lead to a determination as to whether papers 


originated from the same source.  


5. Interferences  


5.1 Certain items submitted for examination may have inherent limitations that can interfere with the procedures in 


this standard. 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 interferes with non-destructive paper examination. Paper 


examinations should be conducted prior to any chemical processing.  



http://dx.doi.org/10.1520/E1732

http://dx.doi.org/10.1520/E1422

http://dx.doi.org/10.1520/E1422
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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 distinguished.  


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 standard, 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, 


discontinue 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 appropriate 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 observed.  


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 contamination, 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 magnification, or UV sources, or both for remnants of binding, 


adhesives, or padding material.  
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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.  


7.17 Examine paper samples with lines or other printed material with appropriate instruments capable of 


magnification, 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 differences 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. Determine their significance individually and in combination 


and reach a conclusion.  


8. Report  


8.1 Conclusion(s), or opinion(s), or other finding(s) resulting from the procedures in this standard may be reached 


once sufficient examinations have been conducted.  


8.2 The bases and reasons for the conclusion(s) or opinion(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 completed, 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 


attached, 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, 


printing, 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 


attached, handled by, or originating from the same source.  


9. Keywords  


9.1 forensic document examination; forensic sciences; nondestructive paper examination; paper; questioned 


documents; watermark  
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SWGDOC Standard for Physical Match of Paper Cuts, Tears, and Perforations in Forensic Document 


Examinations 


1. Scope  


1.1 This standard provides procedures that should be used by forensic document examiners (SWGDOC Standard for 


Scope of Work of Forensic Document Examiners) 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 examination(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 standard 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 appropriate safety and health practices and determine the 


applicability of regulatory requirements prior to use.  


2. Referenced Documents  


2.1 Standards: 


ASTM E1732 Terminology Relating to Forensic Science  


SWGDOC Standard for Scope of Work of Forensic Document Examiners 


SWGDOC Terminology Relating to the Examination of Questioned Documents 


3. Terminology  


3.1 Definitions—For definitions of terms in this standard, refer to Terminology E1732 and SWGDOC Terminology 


Relating to the Examination of Questioned Documents.  


4. Significance and Use  


4.1 This standard 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 


standard. Limitations should be noted and recorded.  


5.2 Limitations can be due to limited quantity, or comparability, 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 standard.  


5.3 The results of prior storage, handling, testing, or chemical processing (for example, for latent prints) can interfere 


with the examination of certain characteristics. Whenever possible, document examinations should be conducted prior 


to any chemical processing. Items should be handled appropriately to avoid compromising subsequent examinations.  


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.  


6.2 Magnification sufficient to allow fine detail to be distinguished.  


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 


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 or not the specimens are broken or separated.  
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7.5 Determine whether or not the specimens are suitable to be physically realigned.  


7.6 Evaluate the specimens for individualizing characteristics.  


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. Determine 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) resulting from the procedures in this standard 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 


documentation and may also be included in the report.  


8.3 Once examinations and comparisons have been completed, 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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SWGDOC Standard for Test Methods for Forensic Writing Ink Comparison 


INTRODUCTION  


This standard is intended to be a general standard for forensic ink examinations, both for the experienced document 


examiner (SWGDOC Standard for Scope of Work of Forensic Document Examiners) 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 standard 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 standard 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 standard.  


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 appropriate safety and health practices and determine the 


applicability of regulatory limitations prior to use.  


2. Referenced Documents  


2.1 Standards: 


ASTM D1535 Practice for Specifying Color by the Munsell System  


ASTM E131 Terminology Relating to Molecular Spectroscopy  


ASTM E284 Terminology of Appearance  


SWDOC Standard for Scope of Work of Forensic Document Examiners  


NIST/NBS Standard Sample No. 2106 ISCC-NBS Centroid Color Charts  


NIST/NBS Special Pub. 440 Color: Universal Language and Dictionary of Names  


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 characteristic 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. (E284)  


3.1.4 infrared (IR)—referring to radiant flux having wavelengths longer than the wavelengths of light, usually wave-


lengths from about 760 nm to about 3 mm. (E284)  


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. (E284)  


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. (E131)  


3.1.7 metamers—specimens differing in spectral reflectance but having colors that match in light of one spectral 


composition, when viewed by one observer, but may not match in light of other spectral compositions, or when viewed 


by another observer. (E284)  


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. (E284)  


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.  



http://dx.doi.org/10.1520/E0444
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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 incorporation of pigments into these formulations, the procedures outlined in this 


standard 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 distinguish between ink samples at a given level of analysis.  


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 standard 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 standard, 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 manufacturing 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 standard, 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 standard.  


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 standard, 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.  


4.6.1 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, 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 procedures outlined here are sufficiently 


discriminating that formulas are distinguishable.  
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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 components. 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, 23).  


6.4 Reagents for Thin Layer Chromatography (TLC) Developing 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, 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 appropriate film or other sensor, lighting, and filters for 


differentiation of ink samples.  


6.6.6 Photographic or other imaging equipment with appropriate 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 appropriate 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 available (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 continuous 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 witha1cmto3cm 


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.  
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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 recording observations as required.  


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 suggested.  


6.7.5 Precoated Plastic or Glass Sheets/Plates of Silica Gel, without fluorescent indicator (60 Å pore size
5 


).  


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 maintained 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 indentation 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 metamers 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. (NIST NBS Standard 


Sample No. 2106, NIST NBS Special Pub. 440.)  


7.1.4 Microspectrophotometry (17) can be useful in differentiating 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 document 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 
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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):  


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 substrate will appear lighter than the substrate; strongly 


luminescent 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 differentiate 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 chromatography, high pressure liquid chromatography (HPLC), 
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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 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 extractions 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 approximately 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 D1535, NIST NBS Standard Sample No. 2106, NIST 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 simultaneously 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 additional 


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 spota1mm 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 recommended. 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 components exhibit sufficient separation to 


allow comparison or for approximately 15 min.  
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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 fluorescent 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 evaluate 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.  


8Additional 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) Techniques:  


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, 


surfactants, humectants, and resins. They may be of use in certain situations, but are not generally necessary in 


performing routine ink comparisons.  


8.2.1.1 Batch-to batch variation within an ink formula may be detectable utilizing analytical methods, such as 


chromatography, 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, 


electrophoresis, 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:  
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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 


manufacturing 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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