—

Forensic applications of capillary electrophoresis

David M. Northrop,” Bruce R. McCord,” and John M. Butler®

“Washington State Patrol Crime Laboratory,

YFBI Laboratory, Forensic Science Research Unil, FBI Academy,
ia. Charlottesville, VA, US.A.

<Department of Chemistry, University of Virgini

Corres,
Kennewick, WA 99337, US.A.

Abstract

Capillary electrophoresis is an emerging technology that can be applied
3 | sample requirements, and economical costs are advantages t i
ation of CE to drug, gunshot residue, explosives, DNA, and other forensic analyses.

ce is a unique branch of analytical
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analysis of evidence and expert tes-
in legal proceedings. Evidence sub-
tory may consist of a wide variety of
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the forensic scientist is to resolve
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Forensic drug analysis

Drug analysis requests account for a larger volume
of casework than any other area in forensic science.
This fact requires that the forensic laboratory dedicate
significant resources both in analytical instrumentation
and personnel. Analytical techniques that improve the
quality and quantity of work in this area are a necessi-
ty. The following discussion will demonstrate how CE
can be effectively implemented in several areas of foren-
sic drug analysis.

CE can be used as a general drug screening tool.
It was in this form that CE was first used in forensic drug
analysis.! A separation of 18 common drugs of abuse
» accomplished in less than 40 min by using a phos-
rate buffer, with sodium dodecylsulfate (SDS)
icellar phase and acetonitrile as an organic mod-

ure 1). This method was extended to include 34
g impurities (7able 1). The advantage of
et other screening techniques is that
and neutral drugs can be screened using a
ethod. Extraction proccdures for class
Wi samples are unnecessary.
gtion of the compounds listed in
the chromatographic superiority
ethods for the
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et smalf b iu‘llt zmd‘dlfferences in IR charac-
r by CE is readily z.lchiévh:ipammn'()f tees oo
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1 quantity dosage un itficult because of microgram-
. A e Uxtbtdnd the fact the GC-MS analysis is
e % ;;lso ?mo §01L1n}}'1 udS(_)rption and thermal
Bl 31 3, e for psnlgcybm, the psychoactive
gal mushrooms. This drug contains : S
phate moiety that i i el i
b idemiﬁesw .lat is very labile. Routine analysis actual-
s eaf}f] 0;:m, tbe dephosphorylated form of the
i of these cases, CE analysis conditions
a’ ow for the separation of each of these drugs without
causing .decomposition or analyte loss from complex

preparative extractions.

Drugs that have many closely related isomers pose
a difficult analytical problem for the forensic scientist.
For this reason the phenethylamines are historically a
difficult group of compounds to analyze due to the large
number of isomers, including both p- and 1-optical iso-
y 3 mers. Separation of ephedrine, seudoephedrine,
orphine, c) phenobarbi- norephedrine, norpseudoephedrine, gmphetamine, and

illary electrophoresis
fions: capillary: 50 um
ture: 40 °C; buffer: 85
mmol/L phosphate, 15%
211; sample concentra-

ne, g) b .?e;‘g;c'acz'd methamphetamine, including the optical isomers, is not
4 ,gtamme, W slibrian, easily accomplished in a single run using GC methods.
ey The 12 optical isomers of these compounds were sepa-

4 e abzdzol,. 2 rated in under 30 min using CE’ The separation was
e achieved by derivatizing the analytes with 2,3,4,0-tetra-
O-acetyl-B-p-glucopyranosyl isothiocyanate (GITC) fol-
lowed by CE analysis using 20% methanol and 80% SDS
buffer (100 mM SDS, 10 mM phosphate, and 10 mM
borate at pH 9.0). Optical isomer identification can be
important in the forensic arena. For exampl?, D-
propoxyphenc is a controlled substance while 1-
propoxyphene is not. These isomers have been separat-

od - 2 mixed micelle system consisting of 5
sy ng‘:;mg : yclodextrin-

|-R-cyclodextrin and 0.5 mM B-C
lether.’
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- al)oruturics is the presence _“t l.l['lvl'l.l-
d adulterants that may mtc.rt'mc w |t.1
C-MS conditions <€t~
amphetamine Wi
| that is not

at best.

cture of illegal drugs poses
forensic scientist. Samples
n complex mixtures of

101

estine |
ors an s 2
is, Under typical G ]
: :als with meth

: hemicals W1
B Qil_‘l‘lCl al drug to 4 compound tha
erulting analysis 15 inconclusive

. CAP. ELEC. 001 .2 1994 159

Scanned with CamScanner




FORENSIC APPLICATIONS continued

A

Using the CE methods described above, the analysis can
be completed without changing the composition of the
original mixture.
The worldwide manufacture and distribution of
heroin and cocaine have resulted in significant efforts to
“on %%se drugs. Part of the effort centers on identi-
the origin and shutting down that source.
the parent drug as well as impurities and
provides information for this purpose.
ement Administration is using the
for general drug screening to quan-
les.! The Australian Government
ries report that good results were
cetylrimethylammonium bromide
s the micellar agent instead of SDS.*
is of illicit heroin samples pro-
of complex mixtures while allow-
antitation of each component.
o analyzed by CE using 7.5%

rate at pH 8.6).

laced on the federal list of
Work is currently under
I methods for the analy-

Forensic gunshot residue analysis

Public concern about \fi(.)lcnt crime ()f[t‘n‘f()CUS(‘};
s involving the use of firearms. Forensic inves-
the analysis of gunshot residues (GSRs)
mation concerning the type of weapon
fired and the individual involved in tht.’. crime. The ana-
Iytical methods used for GSR analysis must provide
characteristic data and be able to detect trace quantities
of material. Routine application has been limited
because of interferences, high blanks, prohibitive instru-
mentation costs, and lengthy analysis times.

GSRs are formed from the ammunition primer
(consisting of compounds such as lead styphnate, bari-
um nitrate, antimony sulfide, and other compounds),”
and the ammunition propellant. The propellant usually
consists of nitrocellulose plus a number of other com-
hat may include nitroglycerin, dinitrotoluene,
mine, ethyl or methylcentralite, and phthalate
ester plasticizers." The two most commonly used ana-
lytical methods for GSR analysis are scanning electron
microscopy (SEM) and atomic absorption spectroscopy
(AAS).”” These techniques are used to examine evidence
for the presence of the primer residues. Environmental
concerns over lead and heavy metal exposure are dri-
ving ammunition manufacturers (o find primer compo-
nents that are free of these materials.”® A quick survey of
any shooter’s catalog of ammunition will reveal that sev-

on crime
tigators can usc
to develop infor

pounds t
diphenyla

‘eral of the major manufacturers are now offering lead-

primers and ammunition. With the advent of these
itions, new analytical techniques are needed.

CE has been demonstrated as an excellent separa-
)l for the identification of the organic GSR con-
‘that come from the smokeless powder used in
20 Rapid separation of several GSR con-
cluding nitroglycerin, was achieved using a
t pH 8.5 and SDS as a micellar modifier.
entation, including diode array detec-
d detector cell design, has allowed the
odified in order to improve separation
fection capabilities. The buffer concen-

\bbreviation
YBP

lurea (ethylcentralire
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T tration was raise :
! ! o SmMb .‘uh(d from 2.5 mM borate and 25 mM SDS
orate and 50 mM SDS using

i length capillary wid SDS using an extended-path-
i e 1/ with a nominal internal diameter of 75
ration of 13 Ckéllmn window of approx 225 pm. A sepa-
i mers of din’" _{ standards (Table 2), including the iso-
! TRt F’ll:(.).(nll.lcr’lc and nitrodiphenylamine, is
kb ’lé’“’t’ 2. Three-dimensional data can be
Crigure 3 llll ,[h? use of diode array UV detection

1 OUL (3 - )L’t.ccl.mn limit studies found that 2.5 x 10
S'I'lnd"m:l)pg) (l)fl ?llr()glycerin (the poorest UV-absorbing

standard) could be detected with a signal-to-noise rati
Al th a signal-to-noise ratio

e dFlrlflg range studies demonstrated that GSRs col-
L ected using masking tape adhesive lifts could be iden-

LL_ UL. tified using the CE method described above.” Samples
R W:ere collected from the -h;mds of individuals after they
10 had fired three rounds from a weapon. The weapons
studied included a Beretta 9-mm semiautomatic pistol, a
Smith and Wesson 44 special revolver, and a Colt 45 cal-
iber semiautomatic pistol. Traces of nitroglycerin and
other minor constituents were found on pieces of tape
even when no residue was visible under a low-power
stereo microscope (Figure 4. The study also found that
no GSRs were found after the hands of the shooters had
been washed. Preliminary experiments using the
improved CE method have shown that organic GSR
compounds are not found on the hands of the general
population, while inorganic GSR compounds have been
found at low levels in the general population,” making
interpretation of SEM or AAS data complex.

Another possible application is the use of quanti-
tative analysis of residue constituents to provide infor-
mation to identify the type of ammunition used.
Analyses using 2-naphthol as an internal stzmd;lrd_
achieve relative standard deviations in peak areas of
petter than 5052 Determination of time of firing may
also be possib]e by studying the qntmmitati\'e changes in
GSR coOmpOosition with respect to tme.

GSR analysis of organic residues will be the
method of the future because of the tr-end m\fax'd_.[lw
~ elimination of the use of heavy metal primers. CE offers
- 4 technology that can separate trace quantities of organ-
~ jc analytes common o th{s. It is cun‘cn}l.lj\' possrnhlu to
~ determin€ that an indmdlual may h:l\'ic f‘IlLd ;‘ll w i_';l-p()n‘
- ysing this method, and, with continued researe 1, further
I information can be developed.

nshot residue constituents standards
ol/L borate, 25 mmol/L SDS, pH 8.5;
.5 sec; voltage: 30 kV; capillary: 80
ngth detection cell; detection: diode

e of 1107} ic explosive residues

~ Forensic analysis of inorganic exp
ectrophoresis also has applications in
inic ions. In criminal cases, materi-
, as black powder, flash ]lm\\'dcr. ammonium
: d homemade energetic mixtures are common-
pitrate, a'n‘ fllers in improvised explosive devices such
; > abs. The inorganic anions resulting from the
ipe bor materials are among the

£t " these

e reaction of x

l.oﬁweortant evidence used 0 determine the nature
5l u?:aorgaﬂic @xplosi\’c.“ while the extraction and
i

X Capillary el
' the analysis of inorgs
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FORENSIC APPLICATIONS continued

analysis of these ions is a complex and difficult opera-
tion, the results obtained can offer important clues in
determining the type of material used.

For many years, the most powerful tool in these
investigations has been ion chromatography (IC).** In
order to analyze the wide range of sample ions pro-
duced from such explosions, special techniques have
been developed using low-capacity ion exchange

i 22 Unfortunately, late  r~ neaks and band
adening occur in these systenis, ivuucing the overall
ity. While gradient techniques can alleviate this
they suffer from increased complexity and uti-
containing carbonate, an important ion in
ySiS.”'”

ction of CE for anion analysis provides
y to alleviate these problems.*** This tech-
ed and patented by Millipore Corp.
produces sharp peaks by achieving effi-
times greater than those found with

ns in CE occurs using uncoated
“buffers. The ions are swept past
f the induced or electroosmotic
is, this flow must be oriented in
ive electrode, where the detec-

e — %
Retention Time Relative to SO4
RRT e b
260%
200%
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100%
50%
l!'nJ
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IONS

I ioN cHRoM [lcze

FIGURE 5 Comparison of elution order in capillary electrophoresis
and ion chromatography.
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 powder pipe bomb residue. Peak
5 2) SO2, 6) SCN, 8) HCO:, 9)

of shrapnel and other
scene and washed with
xtract is filtered, diluted,
ectropherogram consists
type and intensity that
ts obtained from previ-
cample, Figure 7 shows
e residue from a black
consists of a mixture
d charcoal. The results
syresent in the anionic
ate from the original
sulfide, carbonate,
-~ sulfate. Note the
eres with chlorate
~hlorate by CE.
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bt
h]z‘ 1 u‘ﬁcﬂy. The high effici

' PS 10 minimjze pe
range of iong 1o be

= ency of the CE techniques
ak interferences and allows a wide
analyzed simultaneously.

When cf .
CE and 1C are combined, the differences

betw

ST separati

i lmﬂl){)&r;mo‘n m()df: and action provide assistance

Use of CR ‘lnan é ctermining the nature of the sample.
in tandem greatly reduces problems

Caused by j ;
nterfering ions and
fiai e ng ions and allows easy peak confir-

Forensic 5
Sic analysis of organic explosive residues

s é\;[(‘:)fll();i(‘)ffefhe ()rgz.lni‘c chemicals used to manufac-
e : : “;sd are similar to those used in making
Conductédlzl ] er. CE analysis of these materials can be

: sing the same methods developed for GSR
analysis. A separation of 15 potential explosive compo-
nents was achieved using the borate/SDS buffer system
described above." This method has been utilized to sep-
arate and identify explosive residues extracted from soil
contaminated by explosives.” Further optimization of
the method has enabled the separation of 24 explosive
compounds including the isomers of aminodinitro-
toluene, dinitrotoluene, and nitrotoluene.” The results
were compared to those obtained using HPLC protocols,
and were found to provide superior resolution, efficien-
cy, and speed of analysis. Analysis times of under 10
min are routine. The method is ideal for the analysis of
bulk samples of high explosives and smokeless powder
pipe bomb residues; however, it remains to be seen if
detection limits in CE will be sufficient for high-explo-
sives post-blast analysis.

Forensic DNA analysis

Forensic DNA typing has become a powerful tool
for associating suspects 1o and excluding suspects from
the scene of a crime or identifying human remains from
accidents or war. 2 All forensic DNA typing involving
e@mphoretic separations has used agarose or poly-
i@g@hﬁﬁde slab gel electrophoresis.”! .Ccnuin states are
equiring all convicted sex offenders to submit
san ples for DNA typing, and the Armed Forces
of Pathology (AFIP) is prcpu‘r‘jng a database for

ing military pcrsonncL The above require-
a tremendous burden on laboratories per-
A analyses by traditional techniques. For Ihis‘
e is an interest in improving the .\‘pccd of
es. With its remendous potential for high-
analysis, CE can have a role in the future of

¥, i

teins and other biopolymers, DNA
anstant charge-10-mass ratio regardless olf
¥ tion of different-sized fragments by
use of a sieving matrix.* Several
) taken to separate DNA fragments
‘polyacry]amide gel-filled capillar-
d capillaries,“" and soluble poly-
P
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FORENSIC APPLICATIONS continued
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i se pair (bp) resolution of single-stranded

DNA ?111?)%3;::11:125, gjch asp primers and sequencing fl'flg—
ments, is best achieved by separation on p_olyacrylalmldc:
-ﬁlfed capillaries.” Unfortunately, special techniques
are required to maintain these columns because they are
e to problems such as bubble formation and cont-
ion.”'** Soluble polymers such as linear polya«_:ry—
d hydroxyethyl cellulose (HEC) (Aldrich,
ee, WI) can be dissolved in a liquid buffer fqr
ing applications in which single base pair
not necessary.” The buffer can be pumped
the capillary, eliminating many of the tech-
ms with gel-filled capillaries, and ensuring a
medium prior to each individual analy-

ple preparation is also important in
by CE. Products of the polymerase
CR) (Hoffmann-LaRoche, Nutley, NJ)
 of chloride ions.”5* These salt ions
e-to-mass ratio and are preferen-

e capillary during electrokinetic
g sensitivity. " To eliminate this
have introduced different pro-
| including float dialysis, ultra-
10l precipitation.”4#5 Of these
appears to be the most effi-

me when many
an b

" .omparison to standards in‘ parallel lanes of
:ils?ee cj)t!)f}l]:oresient—tagged standards in the same lane. 1p
order to duplicate this type of analysis by CE, strict cop.
trol of analysis parameters must be malqtalned.

The use of capillary electrophc_JreSH as a possible
alternative to gel electrophoresis in the analysis of
VNTRs is being examined by several groups. 545264
Samples in CE must be analyzed sequentially rather than
in parallel; thus internal standards must be added to the
PCR-amplified sample to account for run-to-run varis.
tions.

Currently, several approaches are being explored
for analysis of PCR-amplified VNTRs. These include 5
variety of column types and injection methods. McCord
et al.” have described a procedure in which a tris-borate
buffer containing 0.75% HEC was combined with the
intercalating dye ethidium bromide for the analysis of
the VNTRs D1S80 and SE33. These VNTR systems con-
tain 16-bp and 4-bp repeats, respectively. The analysis
was carried out using 100 pm i.d. DB-17-coated columns
and UV detection at 260 nm.

Williams et al.® have described a procedure
involving sample dialysis followed by electrokinetic
injection with capillary gel electrophoresis separation
and UV detection at 260 nm. Their approach showed
excellent resolution, and by maintaining careful control
of instrument parameters, they were able to achieve
over 100 sample injections per column. A standard devi-
ation of less than 0.4 bp was obtained for repetitive
lysis of alleles from the HUMTHO1 (4-bp repeat)
. System.® Alleles were sized by comparison of

On times to a 100-bp ladder (i.e. DNA fragments
bp, 200 bp, 300 bp, etc.).
ossible improvement in solublc polymer buffer
vas described by Pearce and Watson,* who uti-
osphate buffer containing 1.25% hydrox-

hyl cellulose ar PH 5.7. The authors noted
er pH should help maintain the capillary
EEIEIMWas used in the analysis of the
B as well as o check for primer
PS have noted that there are specific
Biseof laser fluorescence in the CE
Plified DNA 7295 [i;orescence

1OWN o be 400 tim=s 110re sensi-

h Sensitivity perinics the use of

(S and reduced inie tion times,
proved resolution. High sen-
lynamic injection to be used.
for salt removal prior to
nt VNTRs were analyzed
) MBP, HUMTHO1,

the analysis of a
laser fluores-
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" PCR Product

300 bp 9 200 bp
3
S
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3
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3
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: : T : : -
Minutes 5

FIGURE 9 Quantitation of a 414-bp PCR product amplified from
mitochondrial DNA. Conditions: 0.05 mm x 27 cm DB-17 colummn;
1% HEC, 100 mM tris-borate, 2 mM EDTA, pH 8.1, 50 ng/ml YO-

; PRO”I (Molecular Probes PRO-I; pressure injection at 0.5 psi for 45 sec; -15 kV (22 pA); 25 °C:
psi for 5 sec water, 45 sec LIF deiection, 520 nm.

as 100 capillaries, have the potential to dramatically
improve the present sequencing rates and typing rates
The  for VNTRs.”

and The future of forensic DNA analysis by capillary
electrophoresis is promising. PCR product sizing and
quantitation are being actively investigated by several
oups. Areas under investigation include improving the
ecision and accuracy of DNA sizing, separating multi-
nonoverlapping VNTRs, and optimizing run time,
tion, and throughput. CE separations of DNA may
completely replace the established slab gel elec-
oresis techniques, but capillary electrophoresis has
the potential for useful forensic DNA analysis. If
ation can continue to improve, the routine appli-
to forensic DNA casework is only a matter of

applications

, epsic scientists are required to examine biolog-
P!es other than DNA to provide evidence in
lving homicide, rape, assault, etc. Semen and
e two fluids that the forensic serologist is fre-
ked to identify. CE has been used to identify
stains as old as six months.™ The results
d using a 1 mol/L phosphate buffer at pH
trimethyl-ammonium-propanesulfonate
ent wall adsorption. UV absorbance detec-
: ed at 214 nm. The same researchers
E to differentiate seminal plasma from
,lasma by quantifying the Jow-molec-
‘ -30000 D) proteins.” This an: ysis
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detection was conducted at 214 nm. 8. Lurie IS, Sperling AR, Meyers RP. The determination of anahy].
Finally, the forensic scientist routinely conducts ic steroids by MECC, gradient HPLC, and  capillary GC, |
analyses on many nonbiological forms of evidence T R

besides those already discussed. For example, the analy- 9. Thormann W, Molteni §, Caslavska J, Schmutz A. Clinicy) 5
; . ¥ forensic  applications of capillary L’lectrophm aals
sis of pen inks can be used to determine the age and Electrophoresis 1994; 15:3-12. esis,
thenticity of documents, and match a writing instru-

- ; ernly P, Thormann W. Analysis of illicit drugs in hy .
t with a particular document. CE has been used to 4y ey man uripe

; 2 3 by micellar electrokinetic capillary chromzllogmphy with on.
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