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ABSTRACT: The use of 2,2'-azino-di-[3-ethylbenzthiazolinesul-
fonate(6)] diammonium sat (ABTS) for the enhancement of fin-
gerprints in blood has been investigated. Optimal pH conditions
and H»O, concentrations have been determined using UV/Vis
spectroscopy. ABTS is an effective and safe noncarcinogenic
(though more expensive) aternative to the presently used 3,3'-di-
aminobenzidine (DAB) for the development of blood fingerprints,
especially on porous surfaces. The bright green color of the oxi-
dized ABTS is an advantage on certain colored surfaces where the
dark brown color of DAB does not stand out well from the back-
ground. Development with ABTS does not interfere with subse-
quent DAB treatment, making ABTS a “nothing-to-lose” reagent.
ABTS can be used after ninhydrin treatment, but the reverse is not
the case.
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oxidase, hemoglobin

Current approaches to latent fingerprint development, including
the range of methods that have been used to enhance bloody fin-
gerprints, have been reviewed by Lee and Gaensslen (1,2). More
recently, approaches to developing bloody imprint evidence have
been reviewed at forensic science gatherings by Lee (3) and
Messinaet a. (4).

A number of reagents can be used for the enhancement of fin-
gerprintsin blood. Some of the more commonly used reagents are
3,3'-diaminobenzidine (DAB), luminol and ortho-tolidine. Of
those currently in use, DAB provides the best resultsin visualizing
impressions made in blood (5). The sensitivity and specificity of
the test are both well-attested to by the fact that in spite of the haz-
ards associated with exposure to this compound, there has been a
marked reluctance to abandon its use for any substitute found until
now. However, the incidence of cancer among workers exposed to
DAB has rendered the search for a satisfactory alternative of
paramount importance (2,6).

The enhancement of blood fingerprints using DAB involves an
oxidation reaction in which the oxidant, hydrogen peroxide, oxi-
dizes DAB to a dark brown product. The heme group of
hemoglobinin blood exhibits a peroxidase-like activity, which acts
to catalyze the breakdown of hydrogen peroxide (7).

1 Student and senior lecturers, respectively, Department of Chemistry, Uni-
versity of Waikato, Hamilton, New Zealand.

Received 18 June 1999; and in revised form 21 Sept. 1999; accepted 21 Sept.
1999.

Copyright © 2000 by ASTM International

785

2,2'-Azino-di-[ 3-ethylbenzthiazolinesulfonate(6)] diammonium
sat (ABTS), the chemical structure of whichisshowninFig. 1, has
been used previously as a chromogen for the determination of
plasmaor serum hemoglobin and has proven sensitive and accurate
(8,9). ABTS, athough structurally unrelated to DAB, also under-
goes oxidation to a colored form (green) in the presence of H,O,
and hemoglobin. However, unlike DAB, ABTS is considered to be
nontoxic and safe to use (8,10).

Materialsand M ethods
Materials

ABTS®-(NH,),, 3,3'-diaminobenzidine, and 5-sulfosalicylic
acid were purchased from Boehringer Mannheim (BM) Laborato-
ries, Aldrich, and M& B Laboratory Chemicals, respectively. Paper
(A4, 80 gsm) was obtained from Copyright (Australian Paper, Ltd.)
and glass sides from Marienfeld.

Blood was supplied by one of the authors at the University of
Waikato Medical Center in a5 mL vaccutainer containing EDTA
as an anti-coagulant. A 500 L aiquot of this blood was then di-
luted with water to afinal volume of 250 mL in avolumetric flask
(500 times dilution). The remainder of the blood was used to de-
posit bloody fingerprints onto paper, glass slides, and ceramic tile
for later use.

An ABTS stock solution was prepared by dissolving 125 mg
ABTSin 50 mL distilled water (2.5 g/L).

Phosphate and phosphate/citric acid buffers were prepared from
the following sol utions according to the procedure of Dawson et al .
(11): NaxHPO, (0.2 M), NaH,PO, (0.2 M), and citric acid mono-
hydrate (0.1 M).

Optimization of pH and H,O, Concentration

The optimal pH and H,O, concentrations favoring best color de-
velopment of ABTS in a solution containing small amounts of
blood in a 10 mm quartz cuvette were first determined by UV/Vis
spectroscopy on a Varian 1 Cary UV/Visible Spectrophotometer
(SBW = 0.2 nm, signal averaging time = 0.100 s). For oxidized
ABTS the peak maximum occurs at 415 nm.

All solutions prepared contained 100 wL of ABTS stock solu-
tion, 750 wL of the 1:500 blood solution, a specified volume of
2.7% H,0,, and a sufficient volume of buffer solution to give afi-
nal volume of 11.8 mL. Changesin the absorbance of this solution
with time at 415 nm were then determined on the UV/Vis spec-
trophotometer against a blank containing 750 wL of the 1:500
blood solution, the same volume of 2.7% H,0, as in the sample,
and a sufficient volume of buffer solution to give afinal volume of
11.8 mL. The H,O, was aways added |l ast, with the time of the sub-
sequent reaction being recorded from that point.



786 JOURNAL OF FORENSIC SCIENCES

FIG. 1—Chemical structure of ABTS diammonium salt.

Experiments to determine the optimal concentration of H,O,
were initially carried out at a pH value of 7.4 (using a phosphate
buffer). Volumes of H,O, added were varied from 5to 100 L. Ex-
periments to determine the optimal pH were then performed using
aset volume of 10 pL 2.7% H,0, and varying the pH from 4.4 to
8.0. Further experiments to determine the optimal concentration of
H,0, at a pH value of 5.4 (citric acid/phosphate buffer) were car-
ried out with H,O, volumes ranging from 1 to 1000 u.L. All buffer
solutions used were 0.1 to 0.2 M in strength.

Effect of Anti-coagulants

Collection of blood using an anti-coagulant helps matters con-
siderably. However, normal fingerprints laid down in blood (in
real-life situations) do not contain an anti-coagulant, so it wasof in-
terest to establish whether the presence of such a compound in our
trialswaslikely to influence the ABTS/ hemoglobin reactionin any
way. For this purpose, three 10 mL samples of ovine blood were
collected into three separate vaccutainer tubes, each containing one
of three different anti-coagulants. These were EDTA(K3), sodium
heparin, and potassium oxalate/NaF. A fourth 10 mL sample of
blood without anti-coagulant was al so collected. Thetubeswerein-
verted afew timesto ensure thorough mixing, and 500 pL wasim-
mediately taken from each tube and diluted up to 250 mL in volu-
metric flasks (giving adilution factor of 500).

Aliquots of the blood solutions (1:500) were then diluted by two
times to give fina dilutions of 1000 times. UV/Vis absorbance
spectra of these four blood samples were then obtained for com-
parison purposes.

A 500 mg/100 mL (5 g/L) ABTS stock solution was prepared
for use in testing for possible effects from the anti-coagulants on
the ABTS-oxidation reaction. A UV/Vis spectrophotometer was
used to investigate any effect on the oxidation of ABTS. For each
run, a subsample of the following was added to the 10 mm quartz
cuvette: 10.99 mL citric acid/phosphate buffer (pH 5.4), 0.75 mL
blood solution (1:500), 50 wL ABTS stock solution (the final con-
centration of ABTS in the cuvette was therefore the same as that
used in previous trials), and 10 pL 2.7% H,0,. This solution was
run against the following blank: 11.04 mL citric acid/phosphate
buffer (pH 5.4), 0.75 mL blood solution (1:500), and 10 pL 2.7%
HzOZ.

Absorbance values for each solution at 415 nm were recorded
with increasing time, starting from the point where H,O, was
added to each solution.

ABTSFingerprint Trials

All blood fingerprints (previously laid down on paper, glass mi-
croscope dlides, or ceramic tiling) were first fixed with 5-sulfosal-
icylic acid (3 min soak in 20 g/L of agueous 5-sulfosalicylic acid).

2 Thisisthe pH commonly used for treatment using DAB.

This is the method of fixing a blood fingerprint currently recom-
mended by the New Zealand Crown Research Institute,
ESR:Forensic (12). The prints were then rinsed in distilled water
before being treated with either ABTS or DAB. Prints treated with
ABTSwereimmersed for 5minin 10 mL of ABTSsolution (5g/L
in buffer at pH 5.4) to which had been added 200 L of freshly pre-
pared 2.7% H,0.. These were the conditions used unless otherwise
stated and were the same proportions of reagents as determined
from the optimization of pH and H,O, concentrations in solution.
A number of variations on these conditions were trialed in order to
test whether they were still optimal for development of blood prints
on surfaces. Thisis because of a second factor which might beim-
portant on surfaces—the ability of the oxidized chromophoreto re-
main associated with the print (rather than be dissolved back into
the solution). Prints treated with DAB were immersed in 100 mL
of DAB solution (1 g/L in buffer at pH 7.4%) and 500 pL 27% H,0,
for 5 min. Thisisthe method currently recommended by the New
Zealand Crown Research Institute, ESR: Forensic (12). Both ABTS
and DAB treatments were then followed by a further rinsein dis-
tilled water. The following trials were carried out.

Treatment on Porous Surfaces—Blood fingerprints were
placed on unused white paper and each print was cut bilaterally
down the center of the print, so that a comparison could be made
between treatment methods by treating the two corresponding
halves differently.

1. Treatment compared with no treatment: One half of a print
was treated with ABTS while the other half was |eft untreated.

2. Varying H,O, concentrations: Four prints were used to
compare treatment between 20 pL and 200 uL 2.7% H,0,. An-
other four prints were used to compare treatment between 200 p.L
(2.7%) and 200 p.L (27%) H,0,.

3. Varying ABTS concentrations: Four prints were used to
compare treatment between 2.5 g/L and 5 g/L ABTS solution. An-
other four prints were used to compare treatment between 5 g/L
and 10 g/L ABTS solution.

4. Varying soaking times in ABTS solution: One print was
used to compare a 2.5 min treatment with a 5 min treatment in
ABTS solution. Another print was used to compare a5 min treat-
ment with a 10 min treatment in ABTS solution. A third print was
used to compare a 5 min treatment with a 30 min treatment in
ABTS solution.

5. Varying fixative times: Four prints were used to compare
fixative treatment at 3 min and 6 min soaking times.

6. Comparison of ABTS method at pH 5.4 and pH 7.4: Sixteen
prints were used to compare ABT S treatment at pH 5.4 and pH 7.4,
using citric acid/phosphate and phosphate buffers, respectively.

7. Comparison of ABTS with DAB: Fifty prints were used to
compare ABTS treatment with DAB treatment.

8. Compatibility of ABTS with DAB: Ten prints were used to
compare the development obtained by using a mixture of ABTS
and DAB with that obtained by using ABTS aone. One hundred
milliliters of ABTS solution (5 g/L) and 100 mL of DAB (1 g/L)
solution, both prepared in buffer pH 5.4 with 500 wL of added
H,0, (27%), was used for the mixture. A further seven prints were
used to compare the development obtained by treatment with DAB

3 The optimization of pH was carried out for DAB as well and an optimum
pH of 5.0 in solution was discovered, but development on paper at pH 5.0 was
no different to that at pH 7.4. Therefore, no aternation to the DAB procedure
was necessary.
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followed by subsequent ABTS treatment, with DAB treatment
alone. Four more prints were used to compare ABT S treatment fol -
lowed by DAB treatment, with DAB treatment alone.

9. Compatibility of ABTSwith ninhydrin: Two strips of paper,
each containing a latent fingerprint and a blood fingerprint, were
used to see if ABTS treatment could be followed by ninhydrin
treatment, and if ninhydrin treatment could be followed by ABTS
treatment.

10. Heat treatment: In one literature reference (9), incubation
temperatures between room temperature and 50°C were tested on
the ABTS oxidation reaction. The ABTS oxidation reaction pro-
duced greater absorbances at higher temperatures but was more un-
stable. It was therefore decided that ABTS treatment at 50°C
should be compared to treatment at room temperature. The ABTS
treatment at 50°C involved pre-warming the solution (apart from
the 200 pL of 2.7% H,0,) by placing it in a laboratory oven at
50°C for 20 min. The halves of four blood fingerprints (previously
fixed with 5-sulfosalicylic acid) wereimmersed in the heated solu-
tion with 200 L 2.7% H,0, for 5 min in the oven. The other four
corresponding blood fingerprint halves were treated with ABTS
solution at room temperature in the usual way.

11. Cold treatment: Because the ABTS solution is stored in the
fridge it was decided that the effectiveness of the ABTS solution at
12°C (approximate temperature of solution after it has been taken
out of the fridge and been prepared for use) should be compared
with the effectiveness of the solution after it has been allowed to
warm up to 20°C (room temperature). The halves of four blood fin-
gerprints (previously fixed with 5-sulfosalicylic acid) were im-
mersed in the 12°C solution with 200 pL 2.7% H,O, for 5min. The
other four corresponding blood fingerprint halveswere treated with
ABTS solution at 20°C for 5 min.

12. DNA compatibility: During the course of this research, a
sample of ABTS with instructions on its use for treatment of latent
fingerprints was sent to another laboratory in order to assess its
compatibility with subsequent DNA treatment.

Treatment on Non-porous Surfaces

1. Glass: Four prints were placed onto glass microscope sides
and subsequently fixed with 5-sulfosalicylic acid before being
treated with ABTS. Another print was placed over two slides set
side-by-side so that two halves of the same print could be obtained.
The print was used to compare ABTS treatment with DAB treat-
ment.

2. Ceramic tile: Twelve prints were placed on a white ceramic
bathroom tile and subsequently fixed with 5-sulfosalicylic acid be-
fore being treated with ABTS.

Sensitivity of ABTS Compared with DAB

oot Tests on Filter Paper—The procedure for the determina-
tion of ABTS sensitivity was based on the procedure used by Gar-
ner et a. (13). A sample of the author’s blood was diluted serially
in isotonic saline. The following dilutions were prepared: 1 X
1004,1x1021x1031x1041%x10%1x 105 A10
pL aliquot of each dilution was placed onto a separate strip of fil-
ter paper and left to dry. This procedure was repeated twice so that
there were three sets of filter paper strips each with the same series
of dried, diluted blood spots. Three ABTS solutions were then pre-
pared (in distilled water) with the following concentrations: 0.1 M,
0.05M, and 0.025 M. A drop of the 0.1 M solution was placed onto
the blood spots on each strip of filter paper of the first set of filter
paper strips followed by a drop of 2.7% of H,O,. The 0.05 and

0.025 M solutions were then placed onto the second two sets of fil-
ter paper strips, respectively, followed by 2.7% of H,0,. A control
was also used with just ABTS and H,O, on filter paper with no
blood spots.

A positive test was assigned when the green spot produced on re-
action with the blood migrated out acrossthe paper but left adarker
green spot inthecenter. A negative test was assigned when the color
of the green spot was no darker than that obtained from a control.

The whol e procedure was then repeated but using 0.1 M, 0.05 M,
and 0.025 M DAB solutionsin place of ABTS.

Microplate Well Tests—The procedure used for the spot tests
above was repeated again for ABTS and DAB, but, instead of us-
ing filter paper, spot tests were carried out at the bottom of plastic
microplate wells with a negative being assigned for wells produc-
ing the same result as a control (based visualy on color). The fol-
lowing dilutions were prepared: 1 X 1071, 1 X 1072, 1 X 10731
X 1074 1X 10751 X 1078 A 10 L aiquot of each dilution was
then placed into the individual wells of the first row of the mi-
croplate. Thiswas then repeated for the second and third rows. The
three ABTS or DAB solutions were then prepared (in distilled wa-
ter) with thefollowing concentrations: 0.1 M, 0.05 M, and 0.025 M.
A drop of the 0.1 M solution was placed into each well of the first
row of the microplate followed by a drop of 2.7% of H,O,. The
0.05 and 0.025 M sol utions were then placed into the wells of rows
2 and 3, respectively, of the microplate followed by 2.7% of H,0..

A positive test was determined by color comparison with a con-
trol well containing only ABTS or DAB solution and H,O,. A neg-
ative test was assigned when the color in the test well was the same
asthat in the control well.

Crystal Sructure of ABTS

Blue/greenirregular crystals of dimensions 0.56 by 0.13 by 0.07
mm were grown from an aqueous solution (0.1 M) of ABTS-
(NH,),. Intensity data and accurate cell parameters were collected
at the University of Auckland on a Siemens SMART CCD system
diffractometer with monochromated Mq-K,, X-rays (A = 0.71073
A). The data collection nominally covered over ahemisphere of re-
ciproca space, by a combination of three sets of exposures; each
set had a different f angle for the crystal and each exposure cov-
ered 0.3° inw. Thecrystal to detector distancewas5.0 cm. Thedata
sets were corrected empirically for absorption using SADABS.

Results and Discussion

Optimization of pH and H,O, Concentration

Theresultsfrom thetrialsto determinethe optimal concentration
of H,O, at a pH value of 7.4 (using a phosphate buffer) are pre-
sented in Table 1. From these results, it was established that 10 pL
of H,0, (2.7%) produces optimal color development. This corre-
spondsto 1 g of ABTS per 40 mL of 2.7% H,0..

At pH 7.4, color development is not particularly sensitive to the
amount of H,O, added but use of the minimum volume which
works (10 pL) compared with the higher volume of 25 pL was
felt reasonable due to the observation of color loss at higher con-
centrations (and long times). At higher concentrations of H,O,,
the rate of color development is similar at first, but the final ab-
sorbance values achieved are not so high. In other words, it is ap-
parent that too much H,O, will inhibit color development in the
ABTS/hemoglobin reaction. This could occur by H,O, causing
further oxidation of the ABTS to the point of destroying the com-
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TABLE 1—Effects of H,O, volumes on color development of ABTS (measured by absorbance at A = 415 nm) at pH 7.4.

Volume of 2.7% H,0, Added
5pL 10pL (3 10 pL (b) 25 pL 37 pL 50 pL 60 pL 75 pl 100 pL
T Ab. T( Ab. T( Ab. T( Ab. T() Ab. T() Ab. T() Ab. T( Ab. T( Abh.
129 0.04 124 0.06 110 0.04 115 0.06 107 0.08 110 o011 99 0.08 108 0.08 80 0.08
197  0.08 196 0.10 182  0.08 188 0.12 180 0.13 180 0.16 173 0.15 180 0.13 140 0.12
275 011 265 0.14 256 011 262 017 256 0.18 258 0.21 248  0.20 256 017 240 0.16
352 015 351 019 332 015 336 022 350 023 332 025 321 024 369 021 320 0.18
451  0.19 459 0.25 411 0.19 476 029 423 026 415 028 437 028 486 025 398 0.20
526 0.22 571 0.29 488 022 570 032 523 0.29 485 031 511 0.29 606 0.27 472 021
641 0.27 719 034 646 028 644 0.35 598 0.30 562 0.33 628 0.30 726 0.28 543 0.23
820 0.32 848 037 721 030 765 0.38 730 0.33 633 0.35 778 031 799 0.29 616 0.22
953  0.36 926  0.40 794 032 907 0.40 880 034 918 0.39 851 0.31 967 0.30 727 022
1974 046 1977 047 867 034 971 041 1964 036 2270 043 1949 029 1987 031 866 0.23
942 036 1920 0.46 2110 021
1978 045
TABLE 2—Effect of pH on color development of ABTS (measured by absorbance at A = 415 nm) with 10 uL 2.7% H,0,.
pH 4.4 pH 5.0 pH 5.4 pH 5.8 pH 6.8 pH 7.4* pH 8.0
T(9 Ab. T(9 Ab. T(9 Ab. T(9 Ab. T(9 Ab. T(9 Ab. T(9 Ab.
107 0.29 108 0.91 126 0.83 107 0.55 106 0.13 117 0.05 103 0.01
180 0.53 180 125 198 118 184 1.04 197 0.27 189 0.09 180 0.03
254 0.75 254 125 273 125 259 124 287 0.41 260 0.13 286 0.05
327 0.92 363 123 349 1.25 331 123 377 0.54 341 0.17 402 0.06
455 110 484 123 426 123 409 122 466 0.65 474 0.23 483 0.07
576 117 602 122 546 1.22 529 1.20 556 0.74 609 0.29 587 0.07
696 119 722 121 664 121 607 1.20 636 0.80 720 0.32 679 0.08
816 1.19 842 1.20 845 1.20 727 1.19 791 0.87 857 0.36 827 0.08
936 118 962 1.20 1025 119 899 117 927 0.91 934 0.38 947 0.08
1981 1.15 2158 113 1986 114 2127 1.06 1986 0.92 1977 0.46 1984 0.10
4455 1.03 3526 0.98
5955 0.86
67745 0.58

* An average of two trialsat pH 7.4.

pound. By extension, it is possible that this effect may also occur
in the similar DAB/hemoglobin system (as was observed in DAB
trias).

Trials to test the most appropriate pH were then carried out us-
ing the optimal volume of 10 uL 2.7% H,0, found for pH 7.4. Re-
sults are presented in Table 2 and Fig. 2.

Absorbance values grew significantly as the pH was lowered,
appearing to reach a maximum at about pH 5.4. Raising the pH
from 7.4 to 8.0 had the opposite effect, with absorbance values for
ABTS fdling substantially. Thus, in solution, the effect of pH on
ABTS color development is quite pronounced, and maximum de-
velopment occurs at pH 5.4. Thiseffect isillustrated graphically in
Fig. 2. During these trials it also became apparent that absorbance
values started to decrease again if solutions were allowed to stand
for long periods. This could also be due to over-oxidation (or
“bleaching”) by H,O. in solution, and was not an effect observed
in the case of ABTS-developed fingerprints, where H,O, is rinsed
off after development.

Once the optimum pH was determined, it was felt prudent to es-
tablish whether the optimum H,0, volume of 10 L still applied at
the higher acidity. Theresultsfor different H,O, volumesat pH 5.4
(citric acid/phosphate buffer) are presented in Table 3.

From these results it can be seen that 10 pL 2.7% H,0,
(H2O2:ABTSratio of 40 mL:1 g) was still the best volume to use at
the lower pH. It gives the smallest absorbance decrease with time
after theinitial absorbance maximum isreached. Useof 1 uL leads
to a lower rate of initial color development, whereas use of 100,
500, and 1000 p.L lead toincreasingly greater rates of color loss af-
ter development. This latter observation lends support to the idea
that unreacted H,O5 isinvolved in the color |oss.

Overall, the cuvette-based solution trials yield the following as
optimal for development of color in the ABTS/hemoglobin sys-
tem: pH 5.4, ratio of 1 g ABTSto 40 mL 2.7% H,0,, and adevel-
opment time of 4 to 8 min. These were taken as starting conditions
for testing the activity of ABTS on blood fingerprints. Unknowns
in moving from solution work to development of blood on surfaces
were (a) whether the concentration of ABTSwould have any effect
onfinal color development, and (b) the extent to which the oxidized
ABTSwould be able to deposit on the surface-bound blood and re-
main there (rather than move back into solution). This second pa-
rameter is quite important; in an earlier trial involving phenolph-
thalein, it was found that although this reagent provides a strong,
magenta color immediately on reaction with afixed print, within a
few seconds this color rises from the print surface and disperses
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FIG. 2—Effect of pH on color development of ABTS (measured by absorbance at A = 415 nm) with 10 pL 2.7% H,0..

TABLE 3—Effect of H,O, volume on color development of ABTS (measured by absorbance at A = 415 nm) at pH 5.4.

Volume of 2.7% H,O, Added
1pl 10 pL 100 pL 500 pL 1000 pL

T (9 Ab. T(9 Ab. T(9 Ab. T (9 Ab. T(9 Ab.
99 0.13 126 0.83 86 1.26 90 120 99 1.16
173 0.23 198 1.18 173 1.25 165 1.20 178 1.13
252 0.36 273 1.25 275 122 240 120 262 1.10
328 0.48 349 1.25 362 1.20 314 1.18 380 1.05
446 0.66 426 1.23 481 117 405 1.17 500 0.99
566 0.82 546 1.22 601 114 525 115 621 0.95
686 0.97 664 1.21 721 111 645 112 741 0.90
806 1.09 845 1.20 841 1.09 765 1.10 837 0.85
926 1.18 1025 1.19 962 1.07 945 1.06 960 0.81
2125 1.18 1986 1.14 1985 0.87 1986 0.86 1982 0.44

back into solution. Evidently, part of the reason DAB is an effec-
tive reagent is that the oxidized form isless soluble in agueous so-
Iution than the reduced form and will therefore precipitate and set-
tle out on the fingerprint surface.

Effect of Anti-coagulants

A proper comparison of the three different anti-coagulants,
EDTA(K3), sodium heparin, and potassium oxalate/NaF, along
with the absence of an anti-coagulant necessitates the determina-
tion of the absorbance at a specific time for each blood samplein
order to establish whether there is any influence on the
ABTS/hemoglobin reaction. The time chosen was 300 s. The
UV/Vis results previously obtained from the pH/H,O, optimiza-
tion using the original blood solution with no anti-coagulant at pH
5.4 and with 10 p.L 2.7% H,0, were also used for purposes of com-
parison. Results from thetrial of the effect of different and no anti-
coagulants are presented in Table 4 and Fig. 3.

TABLE 4—Comparison of absorbances at 300 s for
different and no anti-coagulants.

Anti-coagulant Absorbance at 300 s
EDTA(K3) 1.36
Sodium Heparin 1.30
Potassium Oxalate 1.30
No anti-coagulant 1.29
No anti-coagulant* 125

* Result obtained from an earlier blood sample used in
pH/H,0, optimization trials.

From these resultsit can be seen that the presence of anti-coagu-
lantsin the blood do not significantly suppressthe reaction between
ABTS, H,0,, and hemoglobin, with absorbance values being no
smaller, and in fact, largely indistinguishable from those obtained
without use of anti-coagulants.
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FIG. 3—Comparison of effect of anticoagulants on oxidation of ABTS
with time for 10 uL H,0, and pH 5.4 (absorbance measured at N = 415
nm).

ABTSFingerprint Trials

Treatment on Porous Surfaces—The following results were ob-
tained in trialsexamining ABTS devel opment of blood fingerprints

on paper.

1. Treatment compared with no treatment: Treatment of a
blood fingerprint with ABTS results in a much better bright green
print with good ridge definition.

2. Varying H,0, concentrations: The optimized ratio of H,O,
to ABTSfrom the cuvette trials trandlated to 200 p.L of 27% H,0,
in these trials. However, on the print, treatment with ten times less
H>0, (200 pL 2.7%) resulted in equivalent development to 200 p.L
of 27% H,0.. Treatment with one hundred timesless H,0, (20 p.L
2.7%) resulted in undeveloped patches compared with 200 pL
(2.7%) treatment, which produced a distinctly stronger color, bet-
ter enhancement, and with more ridge detail visible.

3. Varying ABTS concentrations: Treatment using ABTS at a
concentration of 2.5 g/L resulted in prints which were lighter in
color than those obtained from ABTS at a 5 g/L concentration.
However, further increasing the ABTS concentration to 10 g/L re-
sulted in more background staining with less distinct ridge detail
compared with the 5 g/L solution.

4. Varying soaking timesin ABTS: There was no significant
difference in the devel opment obtained by treatment at 2.5, 5, and
10 min. The 30 min treatment, however, resulted in greater back-
ground staining with less distinct ridge detail.

5. Varying fixative times. There was no detectable difference
inthefinal development for the fingerprint halves fixed with 5-sul-
fosalicylic acid for 3 or 6 min prior to ABTS treatment.

6. Comparison of ABTStreatment at pH 5.4 and pH 7.4: Treat-
ment at pH 7.4 resulted in a brown development color compared
with treatment at pH 5.4, which resulted in the usual bright green
development color expected. The treatment at pH 5.4 resulted in
slightly more background staining but this actually proved to be an
advantage in helping to better define the ridge detail (there seemed
to be more shades of color).

7. Comparison of ABTS with DAB: Nine ABTS-treated fin-
gerprint halves were better developed than their corresponding
DAB treated halves (Fig. 4a), nine ABT S-treated halves were of

poorer development (Fig. 4b) and 32 ABT S-treated halves were of
equivalent development, or were indistinguishable (Fig. 4c). Over-
al, ABTS gives equivaent performance to DAB for prints on pa
per (but with the resulting color being bright green) with the added
advantage of being a nontoxic option. It should be noted that the
preparation of the ABTS stock solution is easier than preparation
of the DAB stock solution, because ABTS is very soluble in water
compared with DAB. It was necessary to use an ultrasonic bath in
order to help dissolve the DAB. In terms of genera readability,
faint bloody prints devel oped with ABTS werejudged to be (on av-
erage) equivalent to those devel oped with DAB.

8. Compatibility of ABTS with DAB: For the prints treated
with a mixture of ABTS and DAB the devel opment was the same
as for those treated with DAB aone. The bright green color of the
ABTS solution totally disappeared after the DAB solution was
added to it, indicating that the DAB was “masking” or deactivating
the ABTS in some way. This effect may be because DAB is a
stronger reducing agent than ABTS. It is conceivabl e that oxidation
of DAB causes reduction of ABTS when the two arein close prox-
imity. The prints treated with DAB followed by ABTS treatment
were indistinguishable from the prints treated with DAB aone. In
fact, the bright green color of the ABTS solution slowly disap-
peared after placing the DAB-treated printsinto the ABTS solution
for 5 min. The prints treated with ABTS first, followed by DAB
treatment, resulted in the same development as the prints treated
with DAB alone. The bright green color of the ABTStreated prints
slowly faded to a light gray color before changing to the dark
brown color consistent with DAB treatment.

9. Compatibility of ABTS with ninhydrin: The fingerprint ex-
hibit treated with ABTS first followed by ninhydrin resulted in
only the blood fingerprint developing. The latent fingerprint did
not develop at all. The other fingerprint exhibit initially resulted in
purple development of the latent fingerprint after the ninhydrin
treatment (the blood print became gray in color with better visibil-
ity) followed by subsequent green development of the blood fin-
gerprint after ABTS treatment. The ninhydrin-developed latent
print, however, disappeared on immersion in the fixative solution.

10. Heat treatment: There was no visible difference between
ABTStreatment at 50°C and ABT S treatment at room temperature,
and therefore no advantage in heating.

11. Cold treatment: There was no visible difference between
ABTS treatment at 12°C and ABTS treatment at 20°C. Therefore,
it isnot necessary to warm the ABTS solution to room temperature
before use.

12. DNA compatibility: Boyd (16) found that ABTS treatment
(and DAB treatment) resulted in only partial DNA profiles. Further
research, however, is probably required for confirmation of this.

13. Comment on effect of print age: In thesetrials, devel opment
of bloody fingerprints on paper after two weeks was found to be as
good as development on fresh prints. However, at this stage, trials
have not been carried out to determine how old abloody fingerprint
can become before ABTSfailsto work. Similaritiesin the mode of
action of this chemical with DAB suggest that as abloodstain ages,
ABTS should continue to function for at least aslong asDAB. The
critical component in whether both reactionswork islikely to bethe
ability of the heme groupsin the blood to maintain their integrity as
catalytic sites; these function by enhancing the breakdown of per-
oxide, with the concurrent oxidation of the ABTS or DAB.

Treatment on Non-porous Surfaces

1. Glass: On this surface, reasonably good visual enhancement
was obtained with no background staining. It was necessary to hold
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(a) DAB / ABTS (b) DAB / ABTS

FIG. 4—ABTStreatment compared with DAB treatment. (a) ABTStreatment is better than DAB treatment. (b) DAB treatment is better than ABTStreat-
ment. (c) ABTSand DAB treatment are equivalent.
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the slide at the correct angle to the source of light for good visual -
ization, due to reflection from the surface. The DAB-treated half-
fingerprint on glass was better developed and was easier to see on
the glass than the ABTS-treated half. Reflection of light from the
glass surface seems to cause more of a problem in visuaizing the
ABTS-treated prints than those treated with DAB. Visualization
under UV light (254 nm and 366 nm) did not improve the print res-
olution.

2. On ceramic tile: Reasonable enhancement was obtained us-
ing ABTS, but this was not as good as on glass, and certainly not
as good as that achieved on paper.

Sensitivity of ABTS Compared with DAB

Resultsfor the ABTS and DAB spot tests on filter paper are pre-
sented in Table 5 and resultsfor ABTS and DAB using microplate
well tests are presented in Table 6.

These sensitivity results are not very accurate as a positive or
negative test is assigned purely on the basis of color matching with
acontrol by eye (however, it isworth noting that indicative testsfor
blood using DAB are also reliant on visua inspection). Even the
controlsbecame as equally dark asthe positives after several hours.
All assignments were therefore made within 10 min of H,O, addi-
tion and a positive test was only assigned if it was darker than the
control. The results do indicate, however, that ABTS is at least as
sensitive as DAB, which is confirmed by a previous study (14).

Crystal Structure of ABTS

A crystal structure of ABTS was obtained just prior to publica-
tion of thefirst ABTS crystal structure by Mousty et a. (15). It was
felt, however, that it was still worth reporting the crystal structure
determined in this study, which compares favorably with that of
Mousty et a. (15).

Formula: C18H23N50854

Mr = 584.70

Crystal class = monoclinic

Space group = P2;/c

Unit cell dimensions: a = 8.7066 (2) A, b = 36.7362 (9) A,
c=82111(2) A
B = 97.103 (1)°

U = 2606.1 (1) A3

Z=4

F(000) = 1224

w(Mo-Ko) = 0419 mm—?

D(calc) = 1.490gcm 3

Transmission factors: 1.000, 0.913

A total of 15080 reflectionsat 26 = 53° were collected at 203(2)
K, of which 5272 were independent [R(int) = 0.0321].

The structure was solved by direct methods and routinely devel-
oped. The asymmetric unit consists of two independent halves of
two centrosymmetric molecules (Fig. 5). All nonhydrogen atoms
were anisotropic, the aryl and ethyl protons were included in cal-
culated positions, but the NHZ and H,O protons were located from
difference maps and included in the refinement without constraint.

Therefinement based on F2 (SHEL XL-97) converged with Ry =
0.0425 for 4198 data with | > 2¢(l), 0.0612 for al data; wR, =
0.0933 and GooF = 1.099. After the final |east-squares refinement
the final difference map showed no peaks or troughs greater than
+0.34eA 3,

Price Comparison

2,2'-Azino-di-[ 3-ethylbenzthiazolinesulfonate(6)] diammonium
salt (ABTS) can be purchased from Aldrich Chemical Company in
1 g quantities for U.S.$26.23. Alternatively, ABTS diammonium
salt can be purchased from Boehringer Mannheim (BM) Laborato-

TABLE 5—Determination of the sensitivity of ABTSand DAB using spot tests on filter paper
(positive results are denoted by a + sign; other results are negative).

Blood Dilution Series

Reagent Concentration 1x 101 1x10°2 1x10°3 1x 1074 1x10°° 1x10°°
01M + + + - - -
ABTS 0.05M + + + - - -
0.025 M + + + - - -
0.1M + + + + - -
DAB 0.05M + + + — - -
0.025 M + + - - - -
TABLE 6—Determination of the sensitivity of ABTS and DAB using microplate wells
(positive results are denoted by a + sign; other results are negative).
Blood Dilution Series
Reagent Concentration 1x 101 1x10°2 1x10°3 1x 1074 1x10°° 1x10°°
01M + + + - - -
ABTS 0.05 M + + + - - -
0.025 M + + + - - -
0.1M + + + - - -
DAB 0.05M + + + — - -
0.025 M + + +/— - - -
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Molecule 1

Molecule 2

FIG. 5—Crystal structure of 2,2"-azino-di-[ 3-ethylbenzthiazolinesulfonate(6)] diammonium salt (ABTS).

riesin 2 g quantitiesfor U.S.$17.46 (1996 NZ pricelistings). 3,3'-
Diaminobenzidine can be purchased from Aldrich Chemical Com-
pany in 25 g quantities for U.S.$122.39. All Aldrich Chemical
Company prices are from the Australian 1998-99 price listings
(prices converted by Australian/U.S. exchange rate).

The price per 1 g of ABTS (used to prepare 200 mL of ABTS
working solution) when purchased from Boehringer Mannheim
(BM) Laboratories in New Zealand will therefore cost U.S.$8.73.
Theprice per 0.2 g of DAB (used to prepare 200 mL of DAB work-
ing solution) will cost U.S.$0.98.

Summary and Recommended Procedure

ABTS is an effective, noncarcinogenic aternative to DAB for
development of blood fingerprints, especialy on porous surfaces.
Prints devel oped with ABTS are bright green in color, which show
up more clearly than the dark brown of oxidized DAB on certain

surfaces. ABTSisa" nothing-to-lose” reagent, because subsequent
DAB treatment after ABTStreatment is as good as DAB treatment
by itself. Although ABTS treatment can be used after ninhydrin
treatment of any latent prints, ninhydrin treatment cannot be used
after ABTS treatment. The effect of ABTS or DAB treatment on
subsequent DNA analysisis equally detrimental, although further
research is probably required for confirmation of this. On the neg-
ative side, ABTS treatment is approximately ten times more ex-
pensive than DAB treatment; however, it isstill relatively cheapin
the context of laboratory operations. The structure of ABTS asthe
diammonium salt has been determined by XRD and confirmed in
this work as consisting of two independent halves of two cen-
trosymmetric molecules with the inclusion of two water molecules
of hydration.

The recommended procedure for best visualization of finger-
prints deposited in blood using ABTS is provided as follows. The
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procedureis based on the combined results obtained from the solu-
tion and fingerprint optimization trials.

Fixative Solution

Dissolve 20 g of 5-sulfosalicylic acid in 1 L distilled water in a
2 L glass beaker. Transfer to a labeled, laboratory bottle with a
screw top (use either a dark glass bottle or cover with silver fail).
Store in dark at room temperature.

Citric Acid/Phosphate Buffer (pH 5.4)

Dissolve 71.64 g of Na,HPO,- 12H,0 or 35.61 g Na,HPO,- 2H,0
in distilled water and make up tothemark ina1 L volumetric flask
(0.2 M), shaking vigorously to ensure that all solids are dissolved.
Transfer the solution to alabeled laboratory bottle with ascrew top.
Dissolve 21.01 g of citric acid monohydrate in distilled water and
make up tothemark ina1 L volumetric flask (0.1 M), shaking vig-
orously to ensure that all solids are dissolved. Transfer the solution
to alabeled laboratory bottle with a screw top. Measure out 223 mL
NapHPO,4-12H,0 or NapHPO,4-2H,0 solution (0.2 M) and 177 mL
of citric acid monohydrate (0.1 M) into alabeled |aboratory bottle
with ascrew top, and mix well.

ABTSWorking Solution

Completely dissolve 1.25 g of ABTS in citric acid/phosphate
buffer solution (pH 5.4) in a 250 mL volumetric flask. Invert afew
times to ensure that all ABTS is dissolved. Transfer to a labeled,
laboratory bottle with ascrew top. Storein fridge (away from light)
for up to aweek.

Immersion Method

« Place blood fingerprint exhibit in a clean, shallow, glass dish.

 Pour out sufficient fixative solution into the dish to cover ex-
hibit. Leave for about 3 min before removing exhibit and rins-
ing in distilled water.

« Place exhibit in aclean, shallow glass dish. Pour out 50 mL of
the ABTS, working solution into a laboratory bottle with a
screw top followed by 0.5 mL of 27% H,O, and shake to en-
sure thorough mixing (if 50 mL is not enough to cover exhibit
then add more and adjust the H,O, volume accordingly).

« Pour the activated working solution over the exhibit and leave
to develop for 5 min. Remove the exhibit and rinse in distilled
water.

¢ Leaveexhibit to air dry in adark place.

Reservoir Method

« Lay apieceof clean, dry filter paper over the area of the blood
fingerprint exhibit to be treated.

« Saturate the filter paper with fixative solution, using a Pasteur
pipette, and keep the paper saturated with the solution for 3
min. Removethe paper and wash the areaunder treatment with
distilled water.

« Lay apiece of clean, dry filter paper over the area of the ex-
hibit to be treated.

 Saturate the filter paper with activated working solution (pre-
viously mixed). Keep the paper saturated with the solution for
5 min. Remove the paper and wash the area under treatment
with distilled water.

« Leavethe exhibit to air dry in adark place.

ABTS-treated fingerprints should be photographed as soon as
possible, and preferably within two weeks of development, as no-
ticeable fading in color was observed over aone-month period (de-
veloped fingerprints could also be stored in the dark so as to slow
down the fading process).

Acknowledgments

We thank the following people for their contributions to this
work: Associate Professor Peter Molan for suggesting ABTS, and
Mr. Godfrey Shouler and Mr. Marc Barlow from the Fingerprint
Department at the Hamilton Police Station for their expert advice
on comparison of fingerprints. One of us (JPC) a so acknowledges
financial support in the form of a doctoral scholarship received
from the University of Waikato.

References

1. Lee HC, Gaensslen RE. Methods of latent print development. In: Pro-
ceedings of the International Forensic Symposium on Latent Prints. Lab-
oratory & ldentification Divisions, Federal Bureau of Investigation, FS-
RTC, FBI Academy, Quantico, VA. U.S. Government Printing Office,
Washington, DC, 1987;15-24.

2. Lee HC, Gaensslen RE. Advancesin fingerprint technology. New Y ork:
Elsevier Science Publishing Co., Inc., 1991.

3. Lee HC. Methods for enhancement of bloody imprint evidence, abstract,
14th IAFS Meeting, Tokyo, Japan, 1996.

4. Messina DA, Pagliaro EM, Johannes P, Lee HC, Brogden A. Methods
for the enhancement of bloody imprint evidence, abstract, AAFS Meet-
ing, New Y ork, 1997.

5. Olsen RD. Sensitivity comparison of blood enhancement techniques.
Identification News August 1985;10-4.

6. Holland VR, Saunders AL, Rose FL, Walpole AL. A safer substitute for
benzidine in the detection of blood. Tetrahedron 1974;30:3299-302.

7. Saferstein R. Forensic Science Handbook. Englewood Cliffs, N.J.: Pren-
tice-Hall, 1988;272—6.

8. Marklund S. Determination of plasma or serum hemoglobin by peroxi-
dase activity employing 2,2'-azino-di-(3-ethyl-benzthiazolinsul phonate-
6) as chromogen. Scand J Clin Lab Invest 1978;38:543-7.

9. Takayanagi M, Yashiro T. Colorimetry of hemoglobin in plasma with
2,2'-azino-di-(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS). Clin
Chem 1984;30(3):357-9.

10. Rey HG, Widlinger H, Rieckmann P. Boehringer Mannheim G.m.b.H.,
assignee. German patent DE 1648840 700212, DE 671014, 1970.

11. Dawson RMC, Elliott WH, Jones KM. Data for Biochemical Research.
3" ed. New York: Oxford Science Publications, 1986.

12. LavisA. Workshop in advanced fingerprint techniques. Training manual
prepared for ESR:Forensic, Auckland, New Zealand, 1994.

13. Garner DD, Cano KM, Peimer MS, Yeshion MS. An evaluation of
tetramethyldiaminobenzidine as a presumptive test for blood. J Forensic
Sci 1976;21:816-21.

14. Yatomi H. Test reagents for preliminary screening of blood stains.
Nichidai Igaku Zasshi 1981;40(8):839-52.

15. Mousty C, Therias S, Aboab B, Molinie P, Queignec M, Leone P, et al.
Single crystal structure refinement and physical characterization of the
2,2'-azinobi s(3-ethylbenzothiazoline-6-sul phonate)diammonium salt
(ABTS). New J Chem 1997;21:1321-30.

16. Boyd LA. Chemica enhancement of fingerprints; Development and
comparison of techniques, Mastersthesis, Auckland, New Zealand: Uni-
versity of Auckland, 1997.

Additional information and reprint requests:
Nick D. Kim

Department of Chemistry

University of Waikato

Private Bag 3105

Hamilton, New Zealand

Fax: 0064 7 8384219

email: n.kim@waikato.ac.nz



