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FOREWORD 

This request for Technical Assistance I'las made by the New Hampshire 
Governor's Commission on Crime and Delinquency. The requested assistance 
was concerned with conducting a survey of the Crime Laboratory of the 
State of New Hampshire to determine Ivhat crime laboratory services are 
available presently, what se)':vices are needed to better serve the criminal 
justice system:. and what is proposed to improve or increase the avaDa
bility of services to the criminal justice agencies. The results of the 
survey would be used. to provide guidelines and reconunendations for future 
funding of the New Hampshire C:l':'ime La.boratory. 

Requesting Agency; New Hcl.Jnpshire Governor's Conunission on 
Crime and Delinquency, 
Mr. William H. Golding 

Approving Agency: LEAA Region I (Boston) 
MI'. John M. Keeley, Police Specialist; 
Mr. Alfred G. Zappala, SystelllS Specialist; 
Mr. Francis T. Burke, New Hampshire 
State Representative 
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1. INTRODUCTION 

The New Hampshire Crime Laboratory is a unit within the Detecdve 
Bureau of the New Hampshir'e State Police Department of Safety. The 
physical location of the laboratory is in the Public Safety Headquarters 
building in Concord. Concord, the State Capital, is located in the 
south central portion of the State. The CJ:ime Laboratory provides the 
only criminalistics service to all criminal justice agencies in the State. 
The population of the State is approximately 824,000; the majority of the 
residents live in the southeastern portion. The Consultant lVas requested 
to survey the present crime laboratory services available in the State of 
New Hampshire and g,i va recommendations for future needs. To address the 
problem, the present crime laboratory service Has evaluated by the Con
sultant through on-site inspection and intervie\vs \'iith various law 
enforcement officials and staff members of the Laboratory. 

The Laboratory site inspection provided the Consultant with information 
on the Laboratory's current capabilities. Interviews with laboratory staff 
and with users of the Laboratory's services provided the Consultant \dth 
information on needs of the Criminal Justice Agencies. 

The following individuals were interviewed: 

• Mr. Ron Curran, Deputy Director, Governor's Commission 
on Crime and Delinquency. 

• Colonel Paul A. Doyon, Director, Division of State 
Police. 

• Captain/Specialist Roger D. Beaudoin, Crime Laboratory. 

• Roger H. Klose, Criminalist II~ Crime Laboratory. 

• Warren H. Edmonds, Criminalist II, Crime Laboratory. 

• Phillip Harmon, Criminalist I, Crime Laboratory. 

• Morris Boudreau, Chemist I, C1'ime Laboratory. 

• Thomas Geno, Photographer, Crime Laboratory. 

• Sheriff Ronald D. Daniels, Jr. , ~lerrimack County. 

• Sheriff Herbert W. Ash, Grafton County. 

o Chief of Police, Craig D. Sandler, City of Nashua. 

o Sheriff George Sampson, Rockingham County. 

o Chief Deputy Charles F. Velter, Rockingham County 
Sheriff's Department. 

R-76-l55 
1-1 

... " 



2. UNDERSTANDING rHE PROBLEM 

2.1 Problem Addressed 

The problem briefly stated was "What forensic laboratol'y sel'vices 
are available if and "!Vhat is needed, if anything> to improve fOl'cnsic 
laboratory services in the State?" Are satellite 01' l'egional laboratories 
needed or can one well-equiped and well-staffed central forensic labor
atory fulfill the physical and chemical analysis physical evidence needs 
for the entire State? 

2.2 Objectives of ~he Assignment 

1~e objectives of the assignment were as follows: 

• Determine present capabilities of the pr8serrt 
Crime Laboratory. 

• Determine needs of the Crime Laboratory to 
improve present service and provide service 
that is not presently available in the 
Laboratory. 

• ~Iake reconunendations to improve present 
service and increase the capabilities of 
the Crime Laboratory, 

R-76-l55 
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3. ANALYSIS OF THE PROBLE~I --
3.1 Methods Used to Address the Problem 

The problems \oJere addressed by conducting interviei~s ~ visiting the 
Crime Laboratory facilities~ and reviewing limited statistical data on 
Laboratory operations. Interviews were conducted both with Laboratory 
staff and law enforcement agency heads. Limited lead time prevented 
scheduling interviews i~ith investigato"l.'s and county attorneys who could 
have also offered some input. 

3.2 Data Sought 

3.2.1 Current Laboratory Capabilities 

e Staff. 

• Physical facilities. 

• Instrumentation. 

• Statistical data. 

- Cases. 

- Case types. 

- Agencies served. 

• Budget information. 

3.2.2 Agency (User) Evaluation of Current Service 

• Frequency of use. 

• Results received. 

3.2.3 Needs to Improve Crime Laboratory Service 

• As proposed by Laboratory staff. 

• As proposed by user agencies. 

3.3 Data Obtained 

3.3.1 Current Laboratory Capabilities 

3.3.1. 1 Staff 

The Laboratory director is a uniformed officerlvho holds the :x-ank of 
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Captain/Specialist. He is not polic.e schooled 1 but does hold (L Master's 
degree in Chemistry. Approximately 45 percent of his time is spent in 
managelnent and supervision; the :t:est of his time is devoted to case \.,rork) 
\~hich involves firearms and toolmark ide:ltifications tts \'iell as otheT 
physic.al eVidenc.e comparisons. 

All other staff members are civilians with the follm.,ing titles and 
general a.ssignments: 

• Criminalist II -- TIVo: One devotes all of his time 
to physical evidence examinations such as arson, 
hit and run) burglary and other trace evidence; 
one devotes 70 percent of his time to drug and 
mar~J uana analysis and 30 percent of his time to 
arson and related evidence analysis. 

• Criminalist I -- One who devotes all of his time 
to durg and marijuana analysis. 

.. Chemist I -- One \IIho devotes all of his time to 
drug/and marijuan.a unalysis. 

The above four stuff members have a minimun of a Bachelor's degree 
in chemistry or related natural sciences. There is also a fingerprint 
technician, photogrpaher, and steno n on the crime Laboratory staff. 

3.3.1.2 Physical Facilities 

The La.boratory operates in an extremely overcrO\~ded space appl'oximutely 
1,500 squal'e feet, which was nat designed as laboratory space. Thh Labol'
atory J as did other laboratories in the countl'y, started bf.cause of a need. 
for scientific analysis of physical evidence in criminal proceedings. The 
real growth began in 1964; and space, in the :Eorm of additional :I.'ooms, \Vere 
allocated as staff and services increased. 

The Laboratory is scheduled to, Jl10ve into new facilities on or nbout 
January 1977. This new facility \Yill pl'ovide about 4,800 square feet of 
laboratory, darkroom, and office space that should gretttly impl'ove the 
operation of the Laboratory. Currently, an item of equipment and, in SOme 
cases, evidence must be moved so that another item of equipment may be used.. 
It appears that this sort of problem \.,till be {;liminated, adequate Nork 
space for staff members will be provided, and Hork space nroLlnd each 
Instrument will be available in the new facilities. 

3.3.1.3 Instrumentation 

Although some equipment is still needed to do organic analysis and 
serological examinations, this Laboratory, for its size and str.£f, is 
moderately well equipped \d th the latest in instrumentation. This is 
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evidenced in the following list of major instrwnentation currently 
available in the New Hampshire Crime Laboratory: 

• Atomic absorption spectrophotometer \'lith 
tantalum ribbon atomizer. 

e Emission spectrograph with laser exitation 
and spectrographic film analyzer. 

• Portable X-Ray unit. 

• Microscopic equipment. 

CP-6 computer. 

- Stereo microscopes. 

Firearms comparison microscope. 

Document comparison microscope. 

- Polarizing microscope. 

- Infrared image converter. 

• Gas chromatograph (Another gas chromatograph is on 
order). 

• Infrared spectrophotometer. 

• Ultraviolet spectrophotometer. 

It FlUorescence spectrophotometer. 

It Clinascreen gas chromatograph. 

• Balances. 

o Two Polaroid MP-4 cameras. 

• Complete darkroom equipment. 

• Ford Econo Van mobile unit with evidence 
collection kits. 

• Abbe refractometer. 

3.3.1.4 Statistical Data 

The New Hampshire Crime Laboratory is not much different from other 
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crime laboratories that started because of Cl need for scientific analysis 
of physical evidence, and grew rapidly. As a result, a "bench person" 
became the manager; he had little time to function in an administrative 
capacity because his time was still needed on the bench. Therefore, 
statistical data, other than cases received and general Case types, is 
lacking. Al though case numbers give some indication of \.;o:r:k performed 
and turnaround time gives some:indication of additional needs in staff 
and equipment, data are not available for good budgeting procedures. 

Rather than elaborate upon this problem in this 1.'eport, the Labora
tory director should be made aware of forthcoming recommendations from 
the American Soc.iety of Crime Laboratory Directors on Crime Laboratory 
Management principles. Laboratory statistical data collection guidelines 
should be available from the ASCLD by January 1977. 

Data. on cases received~ case type, and agency (Le.) State Police 
or other such as sheriff, city, municipal) are listed in Table 3-1. 
These data show a decrease in 1975 for cases processed by the Laboratory. 
By adjusting the data based for the first 4- months of 1976, the Laboratory 
should experience another decrease in 1976. A revie\'l of the monthly 
figures on cases received during 197.3, 1974, and 1975, shows that a 
larger proportion of the cases are received by the Laboratory during the 
months of May through September. One might assume this to be expected 
because of the increase in tourism in the State during the summer months. 

Year Dn..1g; 

1973 2,120 

1974 2,163 

1975 1,882 

Jan.- 555 
Aur. 
1976 

TABLE 3-1 

Case Data 

Case T;v-oe 

Criminalis"'.:;ics State 

5,33 

564 

605 

1'33 

R-76-155 
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Police Other Total 

732 1,971 2,703 

63L~, 2,093 2,727 
lJ,a ~ . -,:J 1,992 2, J .... 87 

147 591 738 
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There were no othe-r statistics l'eadily available that would indicate 
the further breakdown of how many cases :Ln the drug category \Vel'E~ 
marij uana and how many cases \</ere controlled substances. There also \vas 
no breakdown on the types of criminalistics cases. 

3.3.1.5 Budget 

No information was available on budget. Although personal serVice 
funds are easily determined, no other line item amounts for operation of 
the La.boratory were available. The Labol'atory director has no input into 
the budget process, but the -requests fo-r ope-rating supplies axe generally 
approved. Sixty pel'cent of the instruments have been pUl'chased through 
grant funds. 

3.3.1.6 Workload 

Additional information obtained indicated that the six professional 
staff members averaged 2,191 hours of assigned work for 1975. This 
amount of time appeal's excessive even considering vacation time and holi
days, but the salary schedule makes allowance for 416 ext-ra hours. 

The Labol'atory staff is subj ect to call for pl'ocessing maj or cl'ime 
scenes on a 24-hour-a-day basis. Labol'atory staff l'esponds to approxi
mately 75 calls per year. A crime scene van equipped with camel'as, 
physical evidence collection kits, latent fingerprint kit, casting kit, 
and basic tool kit is available to respond to the crime scene calls~ 

3.3.2 Agency (User) Evaluation of CUl'rent Service 

Interviews with the limited number of users indicated that the 
Laboratory provides a very valuable service, Hhich has improved in the 
past 4 to 5 years. The Laboratory staff members are very cooperative 
and very capable individuals. The major complaint was the length of 
time it takes to get Laboratory results. There are also some things the 
Laboratory is not capable of doing and, therefore, must be sent else
\'/here fox analysis. The Laboratory services Here used almost on a daily 
basis, primarily for drug analysis. 

3.3.3 Needs to Impl'ove Crime Laboratory Service 

Interviews with users in genel'al indicated that the present facilities 
should be upgraded and the service capabilities improved. Serology (e.g.) 
blood, hair. fibers) capability is needed. Document examination service 
is needed, as well as better toxicological analysis in cases of criminal 
interest. Al though users inte"J.'vieHed have some crime scene capabilities 
and rely on State crime scene processing in homicide investigation~, mOl'e 
assistance is needed in the crime scene area to improve the quality of 
gathering physical evidence. It was felt that this could be best accom
plished by regional seminal's involving both basic cl'iminal investigation 
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and crime scene search. Homicide investigation seminars conducted in the 
past were well received, and it is felt that these should be continued. 

Some users also indicated that assistance \'las needed in identifying 
suspects; this could best be provided at the State level through the use 
of an Ident-O-Kit. 

A review of Laboratory services capabilities shows that the follohling 
services are provided: 

• Crime scene processing. 

CI Latent fingerprint examinations and comparisons. 

e Dangerous drug and marijuana identification. 

• Firearms and tooJ.mark comparisons. 

I) Arson examinations. 

CI Some trace evidence capabilities, such as paint 
and building materials. 

II Seminal material identification. 

CI Photography. 

It was also determined that the drug and man_Juana backlog \'ias 
approximately 4 weeks and the criminalistics backlog was 10 weeks. Cases 
received at the Laboratory are generally worked on a first-in-first-out 
basis except where results are necessary to determine bail, needed for 
investigative purposes, and in homicide investigations. 

The following labOJ:atory capabilities are not pl'ovided: 

• Serological examination Ci. e., blood determination 
and blood typing). 

• Hair and fibers comparisons. 

• Document exruninations. 

• Toxicology involving questionable deaths. 

• Glass examination. 

• Soil examination. 

• Analysis of physical evidence ror organic composition. 

R-76-l55 
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Toxicological analysis and blood alcohol analysis are currently 
being handled by the Department of Public Health. Users, as \'Iell as 
Laboratory staff, feel that more assistance is needed in cases of 
questionable deaths. Closer liaison is needed with the County Medical 
Referees to make them aware of h'hat service is available in these 
investigations, but adequate service should first be made available 
at the State level in the area of toxicological analysis. 
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4. FINDINGS A.\lD CONCLUSIONS 

The Consultant's general observations were that the present lovel 
of the Crime Laboratory capabilities are well received, but more assist
ance is needed. This assistance is in the form of more crime scone 
capabilities, more laboratory capabilities, and fast01.' l'csponse time on 
laboratory results. 

This La.boratory, a.s 
States, is buried in the 
in the past 3 1/3 years. 
flect a decrease in drug 
incTease. 

well as most other laboratories in the United 
clrug identification problem. Of the caseloilu 
77.6 percent was drugs. Figuros for 1975 re
cases, while criminalistics cases show a steady 

Al though 1974 UCR data for Ne\'/' Hampshhe shO\'iS a 45-percent in
crease in Part I Offenses a.nd a 22. I-percent increase in Part II Of
fenses over 1973. this increased criminal activity has not been reflec
ted in the caseload of the Crime Laboratory. It is true that the large 
increase in Part I Offenses in New Hampshire in 1974 was clue primarily 
to the increase in larceny, burglary, and auto theft and that evidence 
available in these types of offenses. other than burglary, does not nor
mally go to the Laboratory for analysis. However, the increase in burg
lary cases alone should have Teflected an increase in cases process~el by 
the Laboratory for that type of service. One could conclude that: a) 
The evidence is being submitted to the FBI or some other laboro.tory for 
analysis, b) the local investigators are not aware of the potential 
physical evidence present at the crime scene, or c) if it is collected. 
there are not adequate laboratory capabilities to provide analys is in ~t 
reasonable length of time. It is suspected to be a combination of b onel 
c. 

The recent Rand Report indicates that the increased capabilities of 
law enforcement agencies to properly collect physical evidence have not 
contributed Significantly to the solution of the crime tLnd the apprehen
sion of the suspectCs). The Consultant believes the Rand Repot't has 
failed to address one of the most pressing problems in the criminal jus
tice system. One could have the best crime scene specialists in the 
county, process ev.)ry crime scene in a timely manner, and do tl superior 
job in evidence collection and preservation; but if the scientific sup
port is not a.vailable to totally support the crime scene specialists' 
efforts, then much of the activity at the crime scene is welsted. 

The population centers and geography of :-;eH Htunpshire c10 not 11ar
I'alit an additional crime laboratoryCs) in the Sta.te. With the majority 
of the State's 824,000 persons living in the southern portion of the 
State. Concord is geographically located to provide easy access by the 
cr-iminal justice agencies to the Crime Laboratory. It appears that 
approximately 90-percent of the population is within 1 1/2 hours driving 
time of the laboratory in its present loc~tion. 
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Decentralization of the Crime L~boratory~ with its necessary 
specialized and costly equipment, could not be justiEieu buseu on the 
population and the types and numbel~s o:c c:l'iminal offenses it n01'ma11y 
serves. 

It is concluded that the Crime Laboratory should be given the 
fiscal suppo:rt necessary to upgrade its p·i-'esent capabUities unrl 
implement those c<.tp,lbilities that arc needed but not presently 'J.'Gadily 
available to the criminal j ustic.e agencies in :-;e\v Hrunpshire. 

Part of the problem will be resolved \.,hen the Labol'utary moves 
into its ne~~ facilities. Immediate consideration should be given to 
the following, which n:re listed by priority: 

• Implement serological service. This \'lould requi:re 
3 to 4 months of extensive training for a criminalist 
to become qualified in blood identificution; species 
identification; ABO blood typing; and enzyme identi
fication of blood, saliva, senlinal material, <.ind other 
biological material. This individual should also be 
capable of doing hail:' and fiber identification and 
comparisons. This area of criminalistics has expanded 
rapidly in the last 5 years und \'/ould require the 
full-time efforts of one staff mambel.' to estnbHsh 
the necessary procedures. 

• Improve the Laboratory capabilities in organic 
ana"i.ysis of physical evidenc.e items. This \o[ould 
require additional training or staff membel's \-Iho 
are well versed in instrumental analysis, as well 
as the purchasing of additional accessory items for 
instruments in the labora·tory. 

• Train staff member in glass and soil analysis. 

• Provide toxicological analysis capabilities in 
cases of questionable deaths. This service \>/ou1d 
requil'e a full-time staff member trained in toxi
cological procedures. The Laboratory possesses most 
of the basic instrumentation needed for this type 
of service, but would need additional instnllnents in 
the near future \.,hen the caseload j us·tifies the need. 
One of the most useful instruments presently avail
able is the Gas Chromatogl'aph/Mass Spectromete:r: \.;:i.th 
computer access. This instrument can also be used 
on dangerous drug analysis J which would assist i11 
increasing productivity in that service 0.1'80.. 
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~ Provide, as a beginning, four crime scene 
specialist teams. These teams should consist 
of two men: Each man should be well versed in 
crime s~ene processing, latent fingerprint 
processing and comparison, photography and dark
room processing. These individuals should be 
interested in things, not people. A good 
investigator does not necessarily make a good 
evidence specialist. These individuals should 
be on call 24 hours a day, 7 days a week. pro
vided with a vehicle that contains necessary 
equipment to process a crime scene, and be 
answerable to the Laboratory director. Recom
mended locations for these teams would be with 
Troop A, Troop C, Troop P, and with the labor
atory in Concord. The three teams assigned to 
the troop locations could be utilized in patrol 
or other activities when not on a crime scene 
activity. The team assigned to the Laboratory 
could assist with other duties in the Laboratory 
when not on a crime scene activity. 

• Hire a document examiner. The Laboratory 
presently has much of the microscopic capability 
needed for docwnent examination. 
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5. RECOtvlMENDATIONS 

5.1 General Recommendations 

The Laboratory has grown because of a need for analysis of physical 
evidence. Al though :Lt appeal'S the Laboratory is moderately \ve11 equiped 
with instrumentation, this instrumentation is not being used to its 
potential because of the pressing drug caseload. The staff does not 
have the time to develop capabilities and expertise in areas 0.1: criminal
istics. The staff needs and requirements have not kept up with the pot
ential physical evidence. 

Additional staff is needed to provide capabilities to make the NeH 
Hampshire Crime Laboratory a full-service laboratory" 

There is also a need to expand statistical gathering for management 
purposes. This would provide the director with budgeting information 
that would assist budget justification to the administl'ation and would 
also provide a means of administrative control over the activities in the 
laboratory. 

Because over 75 percent of the caseload is drug identification, most 
staff members should be capable of conducting drug analysis. The criminal
ist should develop a specialty in one or two other areas (i.e., firearms, 
trace evidence analysis, serology). With some cross-tl'aining between 
drug identification and some special area of criminalistics, the staff 
member would not feel "boxed-in lt to one activity. This \'lould also 13.110\\1 
flexibility to cover vacations, illness, and peak poriods or large inflL~ 
of drug cases. 

5.2 Specific Recon®endations 

• Train a staff member to conduct serological 
analysis. 

• Hire an additional criminalist to -replace the 
staff member to be trained in serology. This new 
staff member should be cross-trained in drug 
identification and one or two areas of criminal
istics. 

o Hire an additional staff member' to provide more 
rapid turnaround time in drug a.nalysis. This 
additional staff member should also be cross-trained 
in, one or two areas of criminalistics. 

o Cross-train those existing staff members in ~reas 
of criminalistics. The cross-training of present 
staff and the addition of t\'lO new Criminalists 
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should meet the current demands of the criminalistics 
backlog. It should be pointed out that cri~inalistics 
cases take more time to analyze than drug cases 
because of the variety of evidence and because of the 
cornpldxity of the analytical techniques involved. 

o Provide staff time for lite1:'ature research and 
methods development. 

• Upgrade the library to provide the necessary books 
and journals pertinent to the field of forensic 
sciences and criminalistics. 

• Allow staff time and travel expenses to attend 
regional and national coniel'ences and training 
sessions for self improvement. 

• Add travel expenses for staff to visit other 
laboratories for in-service training in specific 
areas of criminalistics. 

• Recruit and hire a toxicologist. 

• Recruit from within and provide training for 
eight crime scene specialists and provide them 
with the necessary equipment for crime scene 
processing. 

, Purchase necessary equipment and accessories 
to allow for in-depth analysis of physical 
evidence, which is not currently available in 
the laboratory. 

• Recruit and hire a document examiner. 

• Add clerical staff to type reports, file) and 
assist in the preliminary steps of evidence recep
tion. Clerical staff could be used to assist sub
mitting officers in filling out evidence receipts 
before the criminalist receives the evidence. 

S.3 Action Plan 

Personal services figures) although discussed \vith the Laboratory 
director, were not noted; therefore, they are not included in this report 
as costs for implementing the reconunended steps. 

Since serological capability is the first priority, necessary com
modity items and equipment will be required. Additional trace evidence 
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analysis isl the second priority. The following equipment would be needed 
to meet these priorities (also listed are the equipments' associated costs). 

8 Equipment Needs for Serolog~ 

- Stereo Microscope $ 735 

Phase Contrast Microscope 2,157 

- Comparison (Fiber) Hicroscope 5,390 

- Rotator 320 

- Incubator 380 

125 

- ph Meter 595 

- Micro-Mixer (Shake) 82 

- Heating Blocks (2 each at $56) 112 

- Serofuge 262 

- Ultrasonic Cleaner 360 

- Electrophoresis Power Supply 188 to 600 

- Electrophoresis Tanks (2 each at $230) 460 

- Cooling Plates (2 each at $90) 180 

Water Cooling Unit 125 

- U.V. Lite (short and long wave) 54 

- Glassware Dryer 125 

- Volt-Ohm Meter 50 

- Magnetic Stirrer 124 

- Refrigerator 250 

• Equipment Needs for Upgrading Organic Analysis Techniques 

- Pyrolysis Accessory for the Gas 
Chromatograph (see Appendix A) 
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Digital ElBctrometer Accessory for 
the Gas Chromatograph to Improve 
Spectra Data Collection (see Appen
dix B) 

., Other Equipment Needs 

~ Mettler Hot Stage and lvlonochromo·· 
meter to conduct Refractive Index 
Neasurements 

- Fiber Optics for Firearms Compari
son Microscope 

- Water Bullet Recovery Tank (see 
Appendix C) 

- A Book and Journal Budget on a 
Yearly Basis 

- Chemicals for Serology Start-Up 

- Glassware for Serology Start-Up 

- Anti~Serum for Serology Start-Up 

$6)000 

350 

1;000 

500 

600 

840 

185 

Toxicological capability, other than some additional glassware and 
organic solvents and chemicals currently used in the Laboratory, should 
not require any large expenditures of money at this time other than pe):
sonal services. Future consideration should be given to the pUl'chase 
of a Gas Chromatograph/Mass Spectrometer \'lith computer delta bank as the 
caseload ~ ... arrants. Current cost for such an instrument is appro:dmately 
$125,000. 

Since crime scene specialists and document examination capabilities 
are for consideration in the near future, no attempt \\fill be made to cost 
these activities at this time. 

The use of the criminalistic staff for processing crime scenes affects 
the operation of the Laboratory. At present a major cyime scene investi
gation completely disrupts the operation of the Laboratory Eor several 
days. Although a criminalist'S assistance may be needed on special 
occasions, the Laboratory staff should not be expected to :t:esponcl!to all 
crime scene investigations. A well-trained crime scene specialist could 
handle all crime scene investigations. Furthermol'e, the avail a.bi li ty of 
trained crime scene specialists should provide more coverage of all types 
of crime scenes. 
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Since in-service training is an integral part of providing expanded 
service and in-depth eapabilities of the Laboratory and staff members, 
the costs associated with such activities Mel other a.ctivities are as 
follow3 : 

• Travel, Training, and Meeting Expenses 

- In-service training for serologist --
Minimum of 16 \vce\<s at $200 pe:z.~ \veek 
plus transportation 

- Regional seminars or conferences on 
matters of forensic interest --
per year for several staff members 

- Staff member attendance at the 
American Academy of Forensic Sciences 
(San Diego, February 1977) 

- Any other in-service training 

700 

200 per \veek 
plus transportation 

Implementation of the reconurtendations in this report as fiscal funds 
become available \~ould provide the criminal justice system of NeH Hrunpshhe 
whh full Crime Laboratory capability. The noni taring of Labol'atory 
actiVities through sourtd statistical management data \vottld provide the 
administration with support for "Jddi tional ope:rating funds and staff needs. 
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APPENDIX A 

Pyrolysis - Gas Chromatographic Ana.lysis 
of Automobile Paints 
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PYiolysis-Gas Chrorno'fographic: Analysis o'F 
,Automobile Paints 

The problem facing the forensic scientist in tht! examination of paint as physical evi~ 
dence is the limited amount of information that ClD be obtained from trace samples. 
Examination of the paint involves tests to determine tht: composition of the binder. Tnese 
tests include spot tests wruch differentiate betWeen binders by solubility ami color reae
t.ions (I] and infrared spectroscopy which identHies the functional groups present in the 
sMnple [2]. Pyrolysis-gas chromalography can also C~ LJ.Sed to compare paint traces with 
the suspected source or, by reference to standard chromatOgr:Jms, to identify the type of 
binder. In addition, the identity of the manuracturer of tbe paint smear and, in many 
cases, the- mlke of automobile as well as the year, can i:;e determined by the pyrolysis of 
small paint samples. 

The method described in this report involves the pyrolysis-g35 chrornato:.u-aphic analysis 
of the 1973 automotive finishes, and the classification of the finishes by manufacturer. 

The majority of the binders, and almost all automotive finishes, are composed of poly
mers which are built up either during manufacture or during tho:! drying process [3J. 
Pyrolysis-gas chromatographic techniques have been u..-.ed extensively for the identifica
tion of copolymers and mixed polymers. Groten [.:] examined over 150 uirrerent polymers, 
induding synthetic resins, mixt:d polymers, and copolymers, and although similarities 
were found among some, he was ablo:! to distinguish all the samples. Strassburger et al 
[5] showo:!d that copolymers of methyl methacrylate could i:;e distingubhed from polymer 
mixtures of the s,,'1me composition by the differences in intensity and that constituents of 
copolymers in concentrations as small as 0.2 percent could be ddr:!cted. O'Mara [6J dem
onstrated the qualitative and qLumtitativt! reproducibiliry of pyrolysis ga..,; chromatog
raphy in the study of poly (vinyl chloridr:!) using a combined g3S chromatogrophy-mass 
spectrometry system. Jain et al [7] examined 3-1 commercially :1vaila ble coatings, including 
house paints, automotive finishes, and primt:r5, and were ablr:! to distinguish ull but two 
of the coatings. 

Experimental 

EqUipment 

The analyses were madt: with a Fisher-Victon:::11 g3.$ chromatogrnph equipPr:!d with a 
reactor tube pyrolyzer and::l Model-lO I 0 digital log electrometer. The full $calc: range:: of the 

This 9ap.:r d.:scrib~s part of tht! ,'ork donI! undl!r Hlinois L:lW Edorc~:ncnl Comrnb;;on Grnot No. 
2·08·24·U523·0 t, Criminnlbti~s Fellowship. 

Prescnt~d at thl:: 25th Annual I\[::cting of ,ht! Amcrkao A.;ac~my or' For::roi.:: S~icnc~, L.l$ V.:gas, 
1"i!Y., 23 Feb. In3, R<!cci'-=ct for ilublic:llion 23 F';!o. l':Ii3; ;,;!'1i«d :T::lnu:.cri;>l rt!cdv~tl 2 July 1'Ji3; 
Hcccptcd for publication 3 July J9;3, 

, Rcsearch criminuli:ic, lJ~panme:1t of Law Enforct::T:cnt, l!1inois BUf::lU of Id~ntin~Jlion, Joliet, Itt. 
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" :. 

FIG. I-The effect of sample Jiz/!: CA) 0.05 mg, (B) 0./0 mg, (C) 0.25 mg. 

-i'/~ J$'..:i2\~riq ?E ,niBq 
.~~jqrll~ :::i::1} jnt)~~~ b:, 

recorue["':repc6>elitsffCJUr1.decades of ion current from the hydrogen flame ionization de
tector, covering;.th:::ri:Mge:-{)f IO-IlA to 10-'A. The advantaga of the logarithmic display 
fO[ithe anal)l3fs of:..comj:>leXJmixtures have been demonstrated by Byrnes [8) and Chisum 
and Elzerrnarr,Wh ~~5r;m0"'; (. 

:'r'\:.~mbirtation"rolumrr.wGlpris<::d of an 8 ft by Ys in, 15 percent Carbowax 20M, on 
80/100 AW:.f)Me.s.·tn~akrl E:liromosorb W, followed by a 3 ft by Va in. 10 percent sili
ci::)Qe.:pow·.~omin~ 2OO;roruSO'jlOO AW-DMCS treated Chromosorb W, perform~d the 
separation of the thermal degradation products. The progtclmming lxgins at the slurt of 
the· py:rolysiS"an~l.lhe-cotamIl!i3: ~ld at 50°C for 2 min, at which time the column tem
perature;is,iocrea&<d 15:'C/mioi umit 1 SO'C cnd held there for 5 min. 

! ~ • , . • 

Pr;~';d~;'e~,~:,,".:(·.ri'"): ·i'ljj.''::~;,;jiir: J;';') 
. ", .. • ;A~ ., .~ ... - ... _. ~I' If.-I'!"{JI. It ..... 

·paii1t_pan~1s·. rec~rved"fr~;n' n;", manUfacturers were ~d for the analysis. -nlese panels 
w~re repre'stnt~fi~e6f the'. p?~duction'batches, ancl thus were the same quality as the 
automobilefiniSh .. 1-hefinish, 'ia~e~' was 'scraped off the panel with a scalpel and weighed. 
A sn~pk siz~o'f.6j mi.waS ChOsdl [or: the analysis but, as shown in Fig. 1, a wide runge 
of'S3.illple sizes fRye e5si:~tially~iJcUtical information. The re:l.ctor tube pyrolyzer design, 
which·provMed.'LIni.fo'rm.heatin&·at..a'ratz of 2CO°C':s coupled with the logarithmic out
put, miillnli;ed.'possibl';";tiiiatioos due.. to.s::unple size. 
~·ApYJ;oIYsis.temp~r.ii~e of4D<iC' \~~ cho5en to dfect the thermal degradation of the 
paln~pie, The.cru;~~iu:og;~obtaim:d upon pyroly-zing two different typts of acrylic 
eaameIS at JOo.oC,.AOO~C. 60{tC', anl MooC nre shown in Fig. 2 and, as previously demon
st.rated b.Y.L~b;naiUl~~cLBrau~[:[JqJ, show [he i.llcren...~ i.n the number of products with 
temperature. This increaSe '{n'd~iradiltion products does not imply an increas!:! in the 
differences of the two enamels as shown by [he nearly idemical results at SOOQC. 

Columns with stationary phases of different polarity were also tried in an attempt to 
disti.nguish the paints. These include:d SE-30 (non-polar), Dinonyl phthalate (intermedi
ate), and Carbow2X' 20M (polar}stalionary phns..."'S, and the abiiity to distinguish the- paints 
increaxd with increasi.ng polarity. The column Sl!lected gave results similar to the Carbo
wax 20:"-1 column, but the rapidly elLlted g:lSC.ous products were separated on the com
bination column. 
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FIG. 3--Diffu!!nc~ ber)oJun acrylic /acqu.:f {lit/I acrylic enam~1 fin;llte~ .. (..I) General Morors Corp. 
/acquet', (8) Ford Molor Co. enamel. 

Results and Discussion 

The binders in the automotive flnish<!s currently used by American manufacturers are 
composed of either thermoplastic acrylic resins or thermOStlting acrylic resins. Genernl 
Motors automobiles have thermoplastic acrylic b.cquer fin.ishes and the remaining three 
manufacturers (Ford, Chrysler, nnd American Motors) havt! thermosetting acr¥lic enamel 
finishes. The chromatograms of a typical acrylic lacquer and enamel, shown in Fig. 3, 
are quite different. 

Acrylic Enamel Finishl:!s 

For the 1973 modd year, Chrysler Corp. and American :\Iotors Corp. use the neW dis~ 
persion finishes e:<clusivdy. These nonaqueous dispt!rsion finbhc:s (NAD) are different 
from the solution-type finishc:s in the nature of the vehicle, that is, the soIvt:nts and 
binders. The polymer, which is maintained in susp,:nsion in D. liquid composc:d of solvents 
and non-solvents, is in the form of very small « I )lm) panicles, This solid suspension 
results in at least a 30 percent highc:r concc:mration of solids at the: ~prn'y gun and enables 
two-coat application, wther than the: cUrrent application of three coats, to achievt: de
sired film thickness. 

Cook Paint and Varnish Co. and Pittsburgh Plate Glass (PPG) Industries have both 
developed NAD finishes. The Cook formulation, or Type 1 NAD, is the basis for al! 
American Motors aUlomobile:s. Regardless of supplier. the Type: I formulation mUSt be 
followed. Figure 4 shows e:<amplc:s of the Type 1 NAD finishes supplied to American 
Motors by tht: various manufacturers and, <,-lthough slightly different, all three chromato~ 
grams have similar characteristics. The PPG formUlation, or Type 2 NAD, is the basis for 
all Chl'ysle:f Corp. metallic fin.ishc:~ and the Type I formul:1tion is USed for all nonmetallics. 
Figures 5 and 6 dc:monStrak the: adherence to this fc:quirc:m<:nt by the manufacturers. As 
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FIG. '';-Typt J NA D jiniJ;ttr supplied to Amaican ,l,lolor:1 Corp.: (A) Cook Painl {wd Varnish Co., 
(B) PPG Indus/riu, (C) Celan<!:u Coating3 Co. 

1.1 

" . tir.1-! {rnlnl 

FIG. 5-Typ~ 2 NA D metallic jinishu slJpplied to Cl:rys/~r Corp.: (.-1) PPC Indus/ries, (8) Ceianeu 
Coatingl Co. 

would be expected, the Chrysler Corporation nonmetaltics are Lluite similar to thl:! Am.::ri
can Motors finishes. 

Th:! Paint and Vinyl Operations ofFord Motor Co., \ .. hich supplies the majority of pai.nt 
to Ford, has also developed an NAD-type finish. Thre:! mc:t::dLit blue dispersion finisheS, 
ODe from each automotive manufucturer, are shown in Fig. 7. All thre\:! N;-\D finishes 
can be distinguished both by peak intensity and p:=:uk location. Ford ~ totor Co. also 
uses thl:! solution-type enamd at a large number of th.:: assembly plants, Thr':!e practically 
identical m<'!tallic brown finishes, one from each Clutomotl'.e manufacturer (but '.vith thl:! 
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FIG. &-7'yp~ 1 ,vA D nofll1uta/llc jilli.Jno suppli~d tel Chrysiu Corp.: (A) PPG Jndu.rtri~s, (n) Cdalleu 
CoatinSJ Co., (C) Cooi< Pailll aM Vorni.JiI Ca. 

c 

FIG. 7-Comparison o[ similar bllU melaliie disp~rsfofl'lyp~Jinlsil~s: ( .. I) Ford Motor Co •• (11) Chr)ls/er 
Corp., (C) American MOlors COrp. 

Ford pand being a solution-type t!narnd suppLi<!d by Paint Opt:rations), ure shown in 
Fig. 8. All three are eusi.ly distinguish<!d. 

Ford Motor Co. paints automobiles in at least 17 dill'<!ft!IH plants in the United States 
and Canada, and utiliz(!s a number of suppliers for th<! same color. Tht! six chromato
grams of Fig. 9 represent diff<!rent acrylic enamds used at the various plant:> for tnt! \vhite 
cnamd .finish. If a sufficient sample is present to ld<!ntify color, the number of possible 
locations from which the automobile: originakd cn.n b-:: redUced and, couplt!d with tne 
production schedule, the type of Ford Motor Co. nLltornobile can be identified. Cllfysle:r 
Corp. and American Motors Corp., which have fewer assembly plants, use [\ single sup
plier for a given color for all but a very f(!w colors. 

R-76-1SS 
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FLG. 8-CompuriJolI 0/ simiU:v bra.,.>! metallic finishes: (.4) Ford Molof Co. fOltilion-lype finish, (8) 
Clrrys/a Corp. dlsp~rsloll.lype finish, (C) ,Imu/cO/1 ;o,lolors dl.sp~rs;on-r.>'p~finLSh. 

Acrylic Lacque.r Finlshes 

E. 1. du Pont dt: Nt:mours and Co., Inmol1l Corp., nnd PPG Imlustdt::s supply auto~ 
motive finishes to General Motor$ and id~nlifkation of tne three suppli.:!rs b po~ibl<!, as 
shown in fig. 10. The majority of the Gt!neral i\!ctors A3S<!mbly Di'/ision plants and the: 
Fisher' Body plants use:; one SOurce exclusivdy for all colors ,mel thus j like Ford Motor 
Co., the number of possible locations from which the automubile: originated can be r~~ 
duced, and in somt: cases the make of the Gent!ral Motor$lllwmobile cnn bt! ddl:!cmined. 
The common formulation for all the Gen.:rnl ~!otors automotive divbion'S lini~hc:sJ 
added to the fact that elu Pont is the major source for the majority of the plants, limits 
the amount of information that c~n bt! obtaiot!d. 

Summary 

A technique for the classification :>ond compari~on of automotive tlnbhes llsing pyrol.Y~i5· 
gas chromatography has been preS<!nted. The 19"~ model QUlornotive finishes Were stlltlied 
and the nbtlity to distinguish the: finishes by automobile manUf:1l:lurt!r \H\s shown. The 
decision by Chrysler Corp. and American i\lotors Corp. to liSt! dirferent formulation 
NAD finishes for 1973 faci.lit:!tes idi!ntification of thi!ir automobiks. Ford :vlotCJr Co. c:J.n 
also bl:! distinguished since the mnjority of the t"inishr-s !lre Ford formulation solution at 
dispersion finishes. The rematning enamd nni~hc:S supplied (0 Pore! ;\loror Cu. {:an be 
identified by th~ manufncturer Clnd distioguishl:!d from the Chr;~ler and Amc:ric:nn ;"'Iotors 
automobile'] General ;\lotors Corp. USi!S a ,.:ompletdy ciffaenl binJt!C system nnd is 
easily dbtinguished from the otht!r" mnnufacturers. 

Further research is bdng undertaken to distingui.:,h the I:!nrller motid yeac,; nnd to lll'!
termine if thl:! paint batches C:ll1 be distingubh.:d. Cr;.ogeIlic ...:ooling, \~hkh :.illluld result 
in bdter s~paration nnd analysis of the lighter mol-::culnr fragments, will bt! lIst!d in the 
attempt to distinguish the paint batches. 
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FIG. IG--Ceneral Moton Corp. acrylic lacquer finishes; (Ai Du Pont C.;., (8) Inmont Corp., (C) PPC 
IndustrieJ. 

Acknowledgments 

The author wishes to thank tht! following manufacturers for their cooperation and the 
donation of the paint panels: Chryslt!r Corp_, Ford Motor Co., American Motors Corp., 
General Motors Corp., Cook Paint and Varnish Co., Pittsburgh Plate Glass Industries, 
Inmont Corp., Celant:Se Coatings Co., and E. 1. du Pont de Nemours and Co. 

References 

[I] Crown, D., The For~nJic Examination of Paints and Plgments. Charles C. Thomas, Springfidd, Ill. 
1963. 

[2J Infrared Spectroscopy, Its U;t!; as an Analytical Toal in the Field of Pain(s alld Coatings, Chicago 
Society for Paint Technology, Federation of Societi.:s for Paint Technology, Philnddphin, 1960. 

[3J Nylen. P. and Sunderland, E., .vodun Sur/ace Coatings, John \Vi1ey and Sons, New York, 1965. 
[41 Groten, B., Analytical Cht!:mis(ry, Vol. 36, Ko. 7. June 1964. pp. 1206-1212. 
[5J Strassburger, J., Brauer, G., Tryon, :-'£., and Forziati, A., Analytical Chemistry, Vol. 32, No.4, 

April 1960, pp. 454-457. 
[6J O'Mem, M., Journal 0/ Polymer Scit!:nce, Vol. S, Part I-A. 1970, pp. 1887-1899. 
[7J Jain,. N., Fontan, C., and Kirk, P., Journal 0/ Forensic Sciences, J fSCA, Vol. 5, No.2, 1965. pp. 102-

109. 
[8J Byrnes, P., 22nd AnntL:l1 Pittsburgh Conf~rence, Analytical Chemistry nnd Applied Spectroscopy. 

C/ev~land, Ohio, 1971. 
[9J Ch.isum, W. and Elzermao, T., Journal 0/ Forensic Scie.,ces, JFSCA. Vol. 17, No.2, April 1972, 

pp.2S0-291. 
[10J Lehmann"F. and Brauer, G., .-Inalytical Chemistry, Vol. 33, :-':0. 6, J\lay 1961, pp. 673-676. 

Illinois Bur~au of Identification 
515 E. \Voodrl.lfl-Rd. 
Joliet, 111. 60432 

R-76-1SS 
A-I0 



[ II 
[I] 

[ I] 
[ l ) 
[ 1 J 
[ 11 
[ 1 J 
[ 1 J 

[ I J 

[ I ] 
[ I ) 
l [J 

l I J 
t-· it -I. . r .II 
t [I 
[ (1 

r Ir] 
r JJ 

(-'I] - 1--

/ 

APPENDIX B 

Identification of Arson Accelerants by Gas 
Chromatographic Patterns Produced by 

a Digital Log Electrometer 

R-76-155 
B-1 



Aut..'iori..::ed Recrint from 
JOllrnal of Forensic SClenc~s. Vol. 11, No. :! 

Copj-:-tght 
American Soclet'.! [or Testing and lIraterials 
1~16 Race :>I::'et::t, Phibdelp(ua, Pn. 10103 

197:! 

W. J. Cllisllm,l B.S. and T. R. E!::erman;~ B.S., lvl.S. 

Identification of Arson Accelerants by Gas 

Chromatog~aphic Patterns Produced by a 

Digi'tal Log Electrometer 

The identification and comparison of accelerants is a problem which confronts the 
criminalist during the examination of cvidc:nce from SUSPected arson cases. The most 
common accl:!h:rants encountc:red in the in"estigation of arson are liquid hydrocarbons. 
The identification of these materials is complicated by the fact that they are not single 
chemical entities but comple.x mi.xtures of hundreds of different hydrocarbons. 

A number of published artic!c:S have dealt with investigation, recovery, and identifica~ 
tion of accekro.nts. Laboratory aspccts of the investigation of arson cases were discussed 
[1,1] o.S well as recovery mdhods, which include vacuum distillation [l,4], steam distilla
tion (5). o.ie flushing [6], and solvent extroction [7-9). Methods of identification Were baSGd 
on such properties as odor, boiling range, density, refrnctive index, and flash point [.fl. 
Other methoJs of iclentitico.tion include absorption on paper and nuorescence [10,11) and 
infrared spectrophotometry [6,7). 

With the advent of gas chromatogrophy numerous articles have appeared which 
proposo:: specific identification of the t)'jX: of acceler:lOts employe.G based on differences 
resulting from variations in the manufacturing proce:ss. These articles deal with use of the 
thermoconductivity detector (11-16) and the hydrogen flame detector [9,17,18] in char
acterizing the tfliuent from the column of the:: gas chromatograph and the amplification of 
the signal by a linear electrometer. 

Electronic capabilities have progres...'-<::d to the point where instruments are now com
mercially available which display chromatographic data in logarithmic form [19]. This 
paper will discuss the advantages of the digital log el<:ctromt'ler over the conventional 
linear cltctrometer. 

Digital Log Electrometer 

Wide: current variations experienced in g.:LS chromatography detectors frequently cau& 
tho:: lo~:, of pertinent information. Tnis condition is most noticeable with wide range 
detectors, such as of thr.- flame:: ioniz:ltion type, when small Current peaks occurring clo~ 
to large current peo.ks art: obscured. This ~"'oblem does not occur, however, when infor
mation is presented i:;l logarithmic for.n covering thret: decades or more. 

Pres~nted at the Twenty.third Annu.!1 P;'o:,r.r:lm •• ·\m~rk:an .-\cntkmy of Fon:nsic Scienct:S, Phocni.~, 
Ariz •• 25 Ft!b. 191 I. l~ecdved for publ1c:lt:on 30 A;Jril 197 I : a~c~;Jtt!d for publication J Nov. 1971. 

I C,tiifornia Department of Just;c~, Bur"!:!\! 01 C~!mir.:JIldentihc:ltion <lnd Investigation, Criminali$:.i::; 
Laboratory, Su,rnmcnto. Cutif. 

• Dt!pnrrment of LJW Enforcement, n:inois Bur>:aLl of [dentinc:ltion, Joliet, 111. 
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Expt:rirnt:ntal re:;ults, obtained after analyzing a numb!!r of liquid miXlurt:S with n gas 
chromato~aph, indicute that logarithmic prcsentation of ion currenl':i from a Hame: 
ionization dett.:ctor is supt:rior to line3r pro:::x:ntation. TIll:: advantage is realiz:::J wht:n 
mixturt:S are compost.'<.l of components of widdy differing conce:ntra.tions. Since signal 
heights 0'('2 percent or IdS of full scale are barely cletectuble using lint:ar e1eclrOmelt!rs, 
the runge must be switched one or more timr::s during a 5inglt: analysis to detect 0.11 peaks 
or successive analys.:s must c.:: made:. Each succt.'t:ding nmtiysis must employ greater 
sensitivity until all u::;cful peaks ure obscrvt:d. The major disacivanwgtl of the sutc~sive 
analysis mt:thcxl is that the epxe:rimental conditions cannot be t:xactly reproduct::<.! for 
each analysi$ and, thus, widely varying results may be obtained. 

Tht: minimum detectable signal height with a lint:ar electrometer is ubout 2 percent of 
fuLl scale. The minimum detectablt: signal with a four decade logarithmic ~kctromder is 
0.01 perct:nl of full scalI:!. Tous. peaks up to oOt: ten thousandth 0$ high as the main pc:aks 
can be obrerved. The dynamic range of thl:! d.:ctrornt:ter is 10-11 to 10-; A. 

Figure 1 shows a S-:1mple of n-hexaoe with cyclohexane. Tho:: Idt side of tht: figure shows 
the n-he:<ant:_ penk with only a small peak for cyc!ohexane for one st::t of conditions on a 
Hnt:::lr electrornet(!f. The ct:nter of the figure shows a cyclohexane: peak clearly; howt:!ver, 
the n-hcxaJli:! peak is oft' scale because of the changt: in attenuation of tht:: linear electromt:
ter required to make a clear presentation of tht! cyclohexane ~k. Tht: right side uf tht: 
figure illLlStrntes a single presc:ntltion of both peaks by lht: digital log elt:Ctromt:ter. If 
other he.xane isomers Were present in the mixture, the centt:r illustration would show the 
n-he:<ane peak to have a broader base. This could ~ misintt:rprelt:d as only one peak if the 
sample being analyzed were injc:cted unde:r one set of conditions only. 
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Etjtlipml!nl 

The: g:J.S chromatographic anal):,e;, ',vert~ mad~ with n Varian Modd 17'10-1 chromo.to~ 
graph with n hydrogen flame: dc::tcctor. This model is equippoo with n tempt!rature pro
gramme:r. "I he linear prt:sc:nrations ',"ae madl! u~ing the: Vnrian t;:\ectmmt!kr. The digitnl 
log prt::>entatiL'l1S Wl!n: made .. ~ith a VictortXn ,\Iodd 401U-2 digital log t.:ie:ctroml!ter 

• filku to work on the chl'OmatogJ'apn. A Varian Moud ~O rt::orclt:r was u:;t:U. 

Opl!rminx Cunditions 

The following ope:raling conditions Wert: imptementt:!d. 

Program I-High boiling hydr~rbons. 
Injt!ction tempt!rntul'e: 225 C; oven tempt!rature: isothl!rmnl at 40 C; programming 
bt:gins ttt time of inj~tion. continue; at 1 de:g C/min for 20 min, <It which time: thtl 
program is increased to 10 deg C min. tlnd ends at 1:i0 C; cIt!tc:ctor tempt!rntuct!: 270 C. 
Carrit!r gas: hdium-22 psi inlet prtSSun::, 25 ml min flow rate. Air-300 m~:'min flow 
rnle:. Hydrogtln-25 mt/min flow rate. 
Column: 5 ft by ;.,~ in. SS; 3 perc'<!nt SE 30 on lOa '120 Vantport 30. 
Samplt! size: I pI. 
Chart sp~: 1 in.,'3 min. 

Program 2-Low boiling hyclrOo.::lrbons. 
Jnj\!ctor tt!mp\!nllurt!: 225 C; O\.::n [emp.::rature: isOlhl!rmal til 40 C for 6 min, o.l'ter 
which it i$ progr::.mmcd al6 dc:g C min to 225 C; cidt:Ctor tt!mpernturt!: 270 C. 
Carrit!r gns: helium-30 p~i inh:t pressurt!. 15011 min flow ratt!. ",\ir-30n m! 'min flow 
ratt:. Hyclrog\!n-25 ml min flow rott!. 
Column: 15 fe by .hi in. 5S; 3 ;-::rcent S E 30 on laO 120 Vnraport 30. 
Sampltl sizt:: 1 pI. 
Chart spc::t!tl: I in.,'3 min. 

Program 3-·Capillnry column. 
Injector temperature: 201) C; O'rt!n t:!mpwllure: isolht!rmnl at 40 C for 6 min, aflt!r 
\',hkh it is progt'ammc;d:ll 2 d.!:.j C min to 125 C; det\!ctor tempt!rature: 20U C. 
Carrier gn~: hdium-35 p~i in:t!t prl':$Sure: split. 2.5 I11I!min flow rale; makt!up, 22.5 
ml min now r:lte. Air-250 011 min flow entt!. Hyclrogt!n-15 ml/min flow rutt!. 
(\1Iumn: 200 f[ by 0.01 in. insidt! diumc:tc::r, SS, coatt!d with Squakne. 
Sarnplt! size: 1 /lI. 
C'h:m sp~l: 1 in.' 3 min. 

Ai :tft!rirl/s 

St:lntlards: Co to Cl~ poraflin h:-drocarbons. Poly Sdence Qual-Kit No. 2l. 
Petrolt!Llnl products: Full r:lOge of gtl$oline:. Si\ly-thre-c SPecimens from Sacromento 

nrl'a collt!l!tt!t\ in one day. 

Pr(lCl!ti!lfl! 

Ttl t'urthtlr illu:)trate the: uch:lnt.:1.;!t: of logarithmic di::.plilY ovtlr linear display, a mixturt: 
or II) p.lrntiinic.: hydroc!1rbon~. r.~\,:lnt: through hC::,~,ldecnnt: millus pentndecane, \Vas matll:! 
up and injeCII.'C\ into the gas .:hrom,:ltogr::ph. Figure 2 illustrates the digital log eb:tromder 
di~pl:\y L1sing:l 1 ",1 :;umplc::. Fi,;:m: 3 i!lustrate:; a linear electrometer display using:! 0.6 pi 
sample. lkllh dhplny:; rdnte to :-:lmpb run under the conditions or program 2. Wht!n only 
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CHISUM AND ElZEFl,\.\AN ON ElECTROMcT:::<S 283 

FIG. 2-lnjtcrion of mi.~rlJrf! of C, (0 CII hydroc(JrOoftJ. 

a small pt:ak resu!tct.l from hexane in Fig. 3, it \II'!S n:alizt!d that n much gre:ltt:r uttenuation 
was ne<:t:SSdry to b\! ablt: to pr~nl tht:: uthl!r hydrocarbon pt!tlks. Th<:: snmpl.: was l~m. 
perature programmed nnd, be<:au:>e of tht: incrt::l~l :,ensiti ... ity nr;;Ct:.':S~ry tu rt:Cord the 
other hydrocarbons in the s!lmpl~. tht!(c was on increase in ba~ line drift. Th!! !lom!! hycim
carbon mixture was again nnalyzt;([ by tht: samt: proct:dure only this tim.: a 1.5 "I sampl!! 
was injt!CteU. Fi1lure 4 illustratcs thi:; prt:'Scnt3tion. Note thut thrlX aaenuaLion chang.:s 

F 1 G. 3-1 njtcrion ol tni.~lIIre oj' C .. :l1 C' .. Ityr/roc.:lrhr"li. 
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FIG. 4--1.5 J.!l inj~ctioN oj ml.::ruu of C; 10 Ct. hydrocarbons. 

wae requirtd to keep aU peaks on scale. Although Fig. 4 prt:Sents::t cla:isicul textbook gas 
chromatographic chart from the C; through C1-l hydrocarbons, sl:!veral minor peaks are 
not prl:!sc.:nt which are vi:;ible on tht:: digital Jog pr~ntation of Fig. 2 bdWet:n CII and C t:, 

bctwc;en Ctl and Ct .t , and b.::fore Ct ,. 

To il\u~trat::.- in yet anothe.:r way .h<: ::dvaOlJ.gc: of the digital log electrometc.:r Qvc:r the 
conVentional linear eit:Ctromc:te.:r, 1 ill of ;\lohawk regular ga:.oline was mixed with 2.5 1-'1 
of the: mi'{ture of Cs to Ct. paraffinic hydroc'Jrbons usoo for the displays given in Figs. 
2-4 [lnLI in.kcted into thl:! gas chrom:!.tograph. The linear display appears in Fig. 5 and 
the di~4ital log display in Fig. 6. For comparisun, Figs. 7 and S illustrale the same ga.:ioline 
\',ithout lhe Cn to Cts paraflinic hydrocarbons added. 'Nott: that not only can lhe pt:Bks be 
identif1ed by Injecting an internal st:lndard "'ith the sample- (aromatic und olefinic stand
ards arl:! also available) but also the.: increased sl:!nsitivities of some of the minor com
pone.:nls are visible bt:euuse of the gn:uter dynamic range allowOO by thl:! digital Ie • elec
trometer for one analysis of the SJ.mpl<::. Figun:: 5 ag:J.in iltustrnte:; the loss of one peak due: 
to the unchangoo attenuation, giving one broad peak for hexane. Program 2 conditions 
wt:re used to obtain the (' plays in Figs. 5 through S. 

Logarithmic presentation of gQ.S cnromaLOgrJphic data is superior to linear presentation 
b.,:ctlllse it has a greater dynamic scop.: 2nd docs not require range switching betwe.:n 
decadQ. Since the elt:etromt:ler operates on an intt'§:lting principle, electronic intl:!gration 
of peak areas is t."2sily obl'Jinoo with g.r~ter accuracy and precision than by other mt:lhtXis. 
A cgmplele qualitative ancl quantitative: ..::hromalOgnm and percentagl:! composition is 
pr<;'!~cntcJ during one: run and all component pea!,;s within the lO-lI to 10-7 A range can be 
recognized at a glanc:::. 

Hl~lIlts and Discussion 

Routinely a I f'l sample of each g2::.uline.: \,::1.5 analYled by program 2 u:;ing the e1i!!,ital 
log l:kctromder. Little or no difficulty .. "a..s <;'!'(pc:riencc:d iil distingubhing bd\ .... t:t:n brands 
and grJdes of ga:iolint:S. FigurC:$ 9 :lnd 10 an:: rc:pr-=:.entations of two sepuratl:! Shdl regular 
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,..., l . 

FIG. 5-Linear elecrromeru presentation of an injecrion of a mixtllr~ 0/ .\fohah'k regular gasolin~ ond 
C! (0 Ct.1 hy&ocarbons. 
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FIO. 7-UneC/r eleclrom~lu presenlarion oj on ;l1jeclion of (l ltJixlll!"e 0/ ,'rfoiwwk regular gasolin~ 
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FIG. 9--.-111 illj~clio" of Sh~1I r~gular gasoliM from Oll~ gas srario/! bulk rank. 

Fla. 1000rill /I.;iecriol/ of Shell n~ular ~USOllll~ from a t!ij}".!renr gas st,J(io l
/ b!t!1-. rClllk. 
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gasoline $alnplc~ tnk~n t'rom t\>.-o statiuns ..sbout si:-; blllCb apart. It is not known whdht:r 
the: two ~tation$ rect'ivc::d their fuel d~!i\aiC5 on thc: ~mc day and from tht': same bulk 
trutk. Tht! charts suggest idt'ntiric::nion of tht: ~trltion~ is po~siblt', but a su~lkient number 
of samples have not bt<:n analyz..'"<.l to contirm this. S,1mc: olf-brand gasolint: samplt:s gaw 
l"t!sults ~imilar to the Shcll samplc::" which sugg~t$ that they recdvtXI thdr supply from 
tht! same rdlnc:ry on the same bulk ddi~<!r) truck. 

Acceh::rants recovered by stt:'Jm distillation from burned materials Were also identified 
[5]. Figure II illustrates the recovt'ry of .. Pi~ 011 of gasoline by steam clistillation from 5 ml 
of Mohawk regular gasoline whkh had b<:.'t:n added directly to waler in tht: ~till. No 

• apprc:ciable 10)$ of the low boiling fraction was noted. rigure 12 illustrates the rQults 
of an analysis of the 0.3 ml ofdi:;tillate recovc:rt:d from evaporation, under a hood for I h, 
of 5 ml of iYlohawk regular g.:tsolint' that had btxn absorbed by a block of wood. When 
com pardi to Fig. S, it can bt: s......:n lhen the low boilers an~ lost, as woulcl be (,'X pt:cted ; 
however, sample r.::covered is r~dily idcntifi~d as gasolint!". Figur~ 13 illustrates the:! 
results of recovt!ring 0.3 cm~ of distilla lt: by ::.team distillation from n block 01 wood which 
absorbt;d 5 cm 3 of Mohawk regular g:lSDlinc and burned for 2 min. The results are similar 
to those in Fig. 12, Program 2 was us.:d during the analyscs shown in Figs. 1 t through 13. 

Other types of hydrocarbons v.ere abo analyzed. Examination of the charts showed 
that the background, which is jgnored in the linear eleclromder in favor of pt:aks, was 
helpful in idcntifying the type of acc:::ierant. 

Scvt:ral gasolint: samplc:) wert! analyz.."'\.1 by using tht- capillary column [20-23) and 
program 3. Figure 14 illustratC5 lhe r~ullS of ont! such analysis of a samplt! of the Mohawk 
gasoline:! used in previous analyso. One huncln:d and fOrly-two penks Were recordt;d by 
the capillary column, as compartd ro 57 p-;:aks recordt!d by th~ 3 percent SE 30 column. 
Howeva, the analysis timt: was more than doublt!d. namely, .102 min was required for 
elution from tht! capillary column as compared to 45 min for the 3 pc:rct!nt SE 30 column. 
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.FIG. 12-An injection of a gasoline distil/ate r~coYw!d from wood (Iftu Ill/owing it 10 eI'(1p()fal~ {or 1 h. 

. :=_-----1 
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FlO. 1:I-rIlI il/he/ioll of (J gasolill~ diStil/ale recoYtrt1d I"r(l/1/ !root! a,ti"r burning for ~ min. 
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Hn. !·\-.,fn injection (If V,,;'a ••. !: ng!l/cu gasolln~ employing tl taplllary column. 

Thus. t;mploying tht: digit.:ll h)g .!!t....:trCrndc!r \vith t::lpillo.ry t:olumns, ~'ry(Jgtlnic tem· 
pt~r:lture programmin!4. u printl')ut tnt~gro.tor \~ith log Jbplay [2":-26J. anu t:omputer datu 
unal}'\\'" and tt.!trievul ~onsitlC!nciy impro"'~ identincation. FUflht!rmnrC', tht! wide vununct: 
in ).i!.:na! inlt:nsitit:s prl;St:nt<:XI by ~mpltl!> :lnnlyzt:u by tht! tl!Chniqul! (lfr~r advnntng~ over 
the Ent'ar I:b:trOrndt:r in pyrolysis :,n!i chromulogtuphic nnalysl!s. 

Summ(lry 

Th:dt~~hdI10g dt:ctrornt:tt;!r r.r~.:nl:i :l.:hromato~:lphil! pattern whkh providt!:> u \)Cttc:r 
mt-nn5 i"r kbntifyir,g anu dlstingwbhing hiclrocarbon~ ';llrnmonly ~ncountl!rtXi as Jl:cd· 
cranb in ar~Nl. Only p:trl of its rot~nti::tl h:l~ bt.'.:n r<.!\enbl thu!; f.lr lI!1ing conventional 
c;(l!urnn:i. 

R .. /'6-1SS 
B-12 

.. 



r I 
r J 
r. J 
[ it 
[ ., 

[ , 
I' 

[ .t 
[ 1.1 

[ J 
r J 
[ J 
r .- J 
[ '1 
[ -, 
r; ] ..... 

[ 1 
( .] 

[ '] 

[' l 
;.,~'~: 

CHISUM AND ELlERMAN ON clECiROM"TERS 29 J 

\Vht!r~s transienl~' generatt:d by n r.mg.:: change in a lint."ar eleccromt"ter may dt::::.troy 
vnlLlable data, logarithmic tYPt: d:::ctronics can covo::r f .. 1ur <.b.:ad~ of ~it-lI1,\\s \vithout a 
range change and providt:: a continuOLls line graph sho\¥ing all of the t:llmpOr1t'nt rctt ;"'$ 

re:)uivt::{\ by the column. Pieliminary studies u:.ing 0. capillary column have abo hxn made! 
which indicate that higher rt'$olution is wltt-I" e!xhibitt:t.l by use of logarithmic dt:Ctronics. 
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.. AP~ENDIX C 

Reasons for Design of a Horizontally 
. Mounted Water Filled Bullet 

Recovery 'Chhmber 
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Reasons for Design of a HorLzontally Mounted Water Filled Bullet 
Recovery Chambec: 

In identifying a firearm tha t has fi:::-ed an eV7cdence bulle t, 

a comparison oE the microscopic to:;l macks impressed on the bullet 

by the rifling in the bore of the firearm, mus t be made wi th the 

markings leEt on a tes t bu 11et fired through the bacrel oE a 

firearm suspec ted of fir'ing the evidence bulle t. 

These test bullets must be recovered, after-.e~::-ing, 1.:-. the 

most perfect condition possible. There are three iJcceptable i.l 

mediums int6 which bullets can be fired, which leave the bUllet 

in a condition to be properly exaiTlined; there are: l) cotton, 

2) oiled sawdust, and J) .water. Other mediums ha.vf~ been used 

but have usually caused bullet defor17iation and/or "--rl"iping rr of 

the rifling marks on the bullet or the recovery of the bullet 

has been too difficul t or t...'1e medium has been too to xpensive, 

too messy Or not readily available. 

Favorable Points of this Design: 

Of the three mediums mentioned, water is gener~lly accept-

ed as the best in regard to it.s effect. on the fired bullet, 

bullet recovery is simple and the y;~ter is a.vailabh~ and in-

expensive. Firing on a horizontal plain closely approximates 

the common firing attitude._ 

Aluminum was used because, like Stainless Steel, it is rust 

prooE but it is cheaper to fo·,:m and weld and is considerably lighter. 

This chamber , ... iII accomodate the recovery of' high 'I"elocity rifle 

bulleCs a facto~ seldom found in other chambers. 
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Description of the Chamber Follows: 

Gl-t'-U-IBER, BULLET RECOI/SR.'C, t.,rATER, HORIZONTAL, NKl 
(Horiz.ont.al Bullet Recovery Hater- Chamber) 

This chamber is a 2.0 -inch diame ter tube \~i th en avera 11 

length of 12-feet. It is constructed entirely of 6061-T6 

aluminuru~ v.'(,ich is a specially hardened aluminum) Hith the 

exception of the four carrying handles and the ho ::;',:h hinges 

_ .:i hatch. handles which "ire of a different grade. .,1..11 the 

'sheet aluminum is .2.50-incr-: C1::-inch) thick wich t!-t·~ exception 

of the rear end. (closing plate) and the baffle plate which are 

.500-inch (3r-inch) thi'ck. 

\~eIded in posit.ion l6~-inches in from the firing (;!nd 

of the chamber, is an aluminuiu P la te wi th a 9~-in:ch cliame tel:' 

hole (firing aper ture) in the center of it. This .tS the 

Diaphragm PIa te _ A second" removab Ie pIa te I wi th <:.n 83z-inch 

hole, (firing aper ture) in the cen cer of it is 10cr'J ted in front 

. l. me Diaphragm PIa te. This is the Diaphragm' e tainer PIa te. 

This platE is held in position by eight aluminum bolts, 3-inches 

long by J/S-inches in diameter which protrude from the. Diaphragm 

Plate equally spaced around the firing aperture. The nuts used 

on these bolts are a special self-locking type that will not jar 

or vibrate loose. 

Sand ..... iched be t.ween these tT...rO p.la tes I and held firmly in 

place by the eigh t nuts and bolts, is a rubber Diaphragm •. This 

rubber. Diaphragm is 2-inches thick and is manufactured by Uni,oyal, 
( ,flJum har- .L; J 30 J) 

Inc., Engineered Systems Dept., Mishawaka, Ind. It was developed 
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by' Uniroyal Ear:- N...4..SA as a shielding rna terial Em:: space vehicles. 

Test bullets are fir:-ed through this rubber cliaphrogm into the 

water filled chamber. As t:..1te bullet: passes through the rubber, 

the rubber closes behind the bullet" effectively sealing the 

bullet hole to retain the water in t:he chamber. 

Leng thwise on top of the chamber are three hn tches (open ... 

ings) closed by flush fi t:.ting hinged; ha tch covers _ These h8 tches 

are 8-inc.hes wide; the '£i:rs t and third ha tches ar-a 16-inches long I 

• 
the second or middle hatch is 32-inches. TVlo ~-inch diame.ter holes 

g 

are drilled in the first hat.ch c.overt.o relieve C!t'l, excessive 

hydrostatic pressure at mis point. 'After firing .3 test bullet .. 

into the chamber, ,the appropriate ha'tch is opened and the fired 

bullet is picked up from the bottom of the chamber \vhe:te it has 

come to res t. 

Inside of the chamber, positioned 8-inches ahead of the 

rear end plate is .3 "baffle" plate. This plate is hung from n 

cross pin through the chamber wa lIs and is free to swing rear-

ward. In the unlikely event: that a bullet. would traverse the 

full length of the chamber wi thout being sufficien tly slo,V'ed by 

the water to drop to the bot.tom of the tank, it. would strike this 

baffle plate. This baffle plat.e when s truck by th~ bullet would 

swing rearward sligh tly, cushioned by the wa ter sw:rounding it, 

absorbing the residual en~rgy of t...'1e bulle t., and allowing the 

bullet to drop to the bottom of the tank, virtually undeformed. 

Without the baffle plate, a high velocity bullet, impinging against 

the rear end plate, would probably suffer unaccept..able deformation. 
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The suppo~t stand is consl~ucted of 2-~nch by 3/16-inch 

angle iron •. The front-to-rear $way braces ~re bolted to the 

upright legs with specic:!l "silo" bolts \olhich \\11.11 not vibr<:lte 

loose. The aluminum angles wE;lded to the chamber above e.ach 

upright leg eliminate. any horizontwl movement of the. chamber 

in the support s t.:md. The s tend holds the chamber i1 t .::l five-

foot ce.nterline heIgh t . 

The fran t section of the chambel.-, ahe.ad of the diaphragm, 

. where t.'e: firing takes' place, is lined with rubber ;,acked nylon 

carpeting, ysed in sp.ace vehicles' to absorb soundM .\ 3-foot. 

-long extension tube can be locked on to the firing e,ncl of the 

chamber to accomoda t.e the fir log of rifles.. l'his extcns ion 

is also carpet lined. Special gun holding fixtures can be 

mounted in the firing section of the chamber to hold handguns 

or rifles for remote firing .. 

The vollin.e of the chamber is 2:;3.36 cubic feet. The 

weight ·of the empty chamber with the extension tube attached 

is approximately 297 pounds. The weight of the sURPort stand 

is approximately 145 pounds. Total in-place empty 'Je.igh t 

approximately 442 pounds. W";"1en :filled with water to the proper 

firing level, the tank will contain 145 gallons of water, weigh-

ing 1,160 pounds. Total weight in-place wi th extension tube, 

approximately 1,602 pounds. 

The chamber is filled and drained by a hose att.ached to u 

valve located at the bottom of the rear end of the c:.ham1.1er. 
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The support stanc is consLructed of 2-inch by J/16-inch 

angle iron.. The front-ta-rear sway braces are bol ted to the 

upright. legs with special "silo" bol ts which will not: vibrate 

loose. The aluminum angles welded to the chamber above each 

upright leg eliminaLe any horizon~al movement of the chamber 

in th2 support stand. The stand holds the chamber at a five-

foot centerline height. 

The front section of the chamber, ahead of the diaphragm, 

where u.~e firing takes place, is lined wib'" rubber ~acked nylon 

carpeting used in space vehicles" to absorb sound~ ."- 3-foot :;s 

long extension tube can be locked on to the firing end of the 

chamber to accomodate L~e firing of rifles. This extension 

is also carpet lined~ Special gun holding fixtures can be 

mounted in the firing section of the chamber to hold handguns 

or rifles for remote firing. 

The volume of the chamber is 23.36 cubic feet. The 

weight of the empty chamber with the extension tube attached 

is approximately 297 pounds~ The weight of the sup-port' stand 

is approximately 145 pounds. Total in-place empty >Jeight 

approximately 442 pounds. hr"en filled with water to the proper 

firing level, the tank will contain 145 gallons of water, weigh

ing 1,160 pounds. Total weight in-place with extension tube, 

approximately 1,602 pounds~ 

The chamber is filled and drained by a hose attached to a 

valve located at the bottom of the rear end of the chamber. 
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