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ABSTRACT: Theluminol chemiluminescence presumptive test for blood is based on the mild peroxidase activity of hemoglobin in basic perox-
ide solution. However, this test is subject to interference by strong oxidants, certain transition metal ions, and true peroxidases. This paper reports
methods for reducing the interference caused by hypochlorite-containing bleaches. Amines such as 1,2-diaminoethane react rapidly with hypochlo-
rite without interfering significantly with the hemoglobin-catalyzed oxidation. Thus, addition of 0.1 mol/L 1,2-diaminoethane to a standard lumi-
nol-peroxide spray lead to amost complete inhibition of hypochlorite-induced chemiluminescence while satisfactory chemiluminescence was still
observed from bloodstains. If time allows, an alternative method for reducing interference from hypochlorite bleach isto wait several days until the
bloodstains have dried thoroughly, by which time the hypochlorite will have decomposed.
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The luminol-hydrogen-peroxide test for blood can be subject to
interferences from peroxidases, metal ions, or oxidants (1). The
most likely oxidants to be found at a crime scene are hypochlorite-
based bleaches. The presence of these on surfaces being sprayed
leads to bright flashes of chemiluminescence, as opposed to the
more gradual development of chemiluminescence by blood. Al-
though an experienced forensic scientist can usually differentiate
between blood and bleach-induced chemiluminescence this will
not always be possible (personal observation, D. Elliott, (2,3)). In
addition, the time-averaging implicit in long-exposure photogra-
phy can lead to the two sources of chemiluminescence appearing
identical. A recent paper has reported that the spectra of the bleach-
induced and blood-induced chemiluminescence are slightly differ-
ent (4), but the small shift in emission wavelength combined with
the broadness of the emission band mean that spectra filtering is
unlikely to be able to separate the two causes.

We have investigated chemical methods for reducing the effect
of hypochlorite-containing bleaches on luminol chemilumines-
cence. Antioxidants such as ascorbic acid or polyphenols (5-7)
cannot be used because they a so inhibit the blood-catalyzed lumi-
nol-peroxide chemiluminescence. Therefore we sought to target
the chlorine donor properties of hypochlorous acid (the conjugate
acid of hypochlorite), since this is a different mode of oxidation
from the mechanism occurring with peroxide. The reaction of
amines with hypochlorous acid to form chloramines (Eq 1) is a
well-known process (8,9).
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RR'NH + HOCl - RR'NCl + H,0  R,R' =akylorH (1)

Indeed, analytical procedures for amines have been reported
based on the inhibition of the chemiluminescence observed when
hypochlorite oxidizes luminol (10). Other studies have shown that
although primary and secondary amines inhibit oxidative chemilu-
minescence, tertiary amines actualy increase the chemilumines-
cence, presumably via catalytic formation of the N-chlorotrialkyl-
ammonium ions that act as reactive oxidants (11,12). We have
investigated whether primary and secondary amines can inhibit the
chemiluminescence due to hypochlorite under the conditions typi-
cal of forensic luminol sprays, and whether the presence of amines
has an effect on the heme-catalyzed |luminescence of luminal.

The choice of amines was guided by studies by Margerum (8,9)
and Antelo (13,14), who showed that the reaction rate between
hypochlorite and amines is pH dependent and depends on the ba-
sicity of the amine. The observed pH dependence, Fig. 1, occurs
because the reaction involves specifically the amine (RR’NH) re-
acting with hypochlorous acid (HOCI) in the reaction, as shown in
Eq 1, whereas the protonated amine (RR’NH%) and the deproto-
nated hypochlorite (OCl ™) are much less reactive (9). The reactiv-
ity of many with hypochlorous acid amines can befitted by acurve
given by Eq 3 (13),

Rate = k[HOCI][RR'NH"™] )
k = (2.9 = 0.5) + (0.48 = 0.05)
PKA(RR'NH{ D) L mol st &)

where pK (RR'NH{"* D) isthe negative logarithm of the acid dis-
sociation constant of the conjugate acid of the amine. The only
amine that was reported to deviate significantly from this relation-
ship was ammonia, which had a rate nine times lower than would
be predicted by this equation (9).

If the behavior of this reaction rate is examined as a function
of total hypochlorite and total amine species Eq 2 can be rewritten
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FIG. 1—Plot showing predicted reactivity of luminol (__), hydrogen
peroxide (- - -), TRIS(#), and 1,2-diaminoethane(®) with hypochlorite as
afunction of pH. Curvesfor the amines are based on equation 4 in the text,
estimating the rate constants from Eq 3. Curves for luminol and H,O, are
derived from anal ogous equations using literature values.

inthe form

Rate = k’[HOCl] ota[RR'NH] otai (28)

K = K [H:07]
B [H:O0"] + K4 (HOCI)

Ka (amineH ™) @
*\ [Ha0™] + Ka (amineH™ D7)

where k' would be the observed rate constant, [HOCl]iota =
[HOCI] + [OCI 7], [RR'NH]iota = [RR'NH"*] + [RR'NH{ D],
and K, (HOCI)(= 3.6 X 107 9) is the acid dissociation constant of
hypochlorous acid. A plot of k' vs. pH, Fig. 1, shows the variation
in the rate of this reaction with pH and with the basicity of agiven
amine. It is seen that amines with low pKs (e.g., tris, pK(trisH™)
= 8.1) have ahigh observed rate constant at their pH optimum, but
this rate decreases rapidly (10-fold per pH unit) at higher pH. In
contrast, basic amines have a lower maximum observed rate con-
stant but this value is maintained over a greater pH range. At any
given pH Eq 4 predicts that the optimum amine will be that for
which pK; = pH —0.03i.e.,, pK, = pH. Therefore strongly basic
amines will be the most effective competitors for hypochlorite un-
der the conditions of common forensic sprays (those reported by
Grodsky and Weber both lead to pH > 10). Luminol itself can re-
act with hypochlorous acid, (15,16) and thisisindicated in Fig. 1.
The observed rate constant for the direct reaction of luminol with
HOCI is predicted to be comparatively low at high pH based on the
above analysis. This may be incorrect, because luminol has a sec-
ond deprotonation with pKa = 15 (17), and the basic form may
show higher reactivity towards HOCI. Indeed, one literature report
shows that the predicted behavior in Fig. 1 isfollowed until pH >
11.5, where an increase in rate was observed (15). Figure 1 also
shows arate constant-pH curve for hydrogen peroxide (pK, 11.65),
based on literature data. It has the same shape asfor amines, but the
rate constant for the reaction of HO,~ and HOCI is 4.4 X 107 L
mol/L s™1,(18) i.e., seven-fold lower than for an amine of similar
basicity.

Methods

Bovine blood obtained from alocal abattoir was preserved with

0.2% w/v EDTA and stored at 4°C. Domestic strength sodium
hypochlorite bleach was standardized by titration with standard-
ized thiosulfate solution using starch-iodine indicator.

Diethylamine, 1,2-diaminoethane (ethylenediamine), ethyl-
amine, taurine, tris(hydroxymethyl)methylamine (TRIS), and tri-
ethylamine were used as received.

The luminol sprays tested were Grodsky: (a solution containing
1 g/L luminol and 50 g/L Na,CO3; mixed with an equal volume of
7 g/L sodium perborate solution) and Weber: (25 mL of water con-
taining 0.72 g/L luminol and 2 g/L NaOH was mixed with 25 mL
0.6% H,0, and 175 mL H,0). In both cases the mixing of solutions
was performed as soon as possible before ameasurement was to be
made.

Visual observationswere conducted in adarkened room after the
investigator was dark-acclimatized for at least 5 min. Spraying of
luminol solutions was performed using a calibrated spray-gun to
ensure uniform delivery of reagent. Substrates were vinyl flooring
tiles and unbleached cotton. The tiles were used as received,
wheresas the cotton was washed with clothes detergent, then rinsed
in tap water and finally boiled in Milli-Q deionized water and then
dried.

Supporting experiments examining the effect of amines on
bleach-induced chemiluminescence were performed using an
Ocean Optics S2000 fibre optic diode array spectrophotometer
with the reagent feed being controlled by a peristaltic pump.
Hypochlorite solution (1:20 dilution) adjusted to pH 12.1 was
mixed with luminol-H,O,-perborate solution at pH 12.1 at arate of
10 mL/min (each reagent stream) in a 2 mm diameter T-junction
cell with two right-angle turns 1 cm after the initial junction to in-
crease mixing. Light emission in the 2 cm of tubing immediately
after the mixing point was monitored under constant flow condi-
tions. The high flow rate was needed to avoid the build up of gas
bubblesin the cell. Studies of the effect of amines on the blood-in-
duced chemiluminescence used the same spectrophotometer
equipped with a1 cm cuvette holder.

Safety: All initial experimentsinvolving spraying of luminol so-
lutions were performed in chemical fumehoods. When the sprays
were used outside fumehoods appropriate personal protection in-
cluding goggles, respirator, and gloves were worn. If amines are
added to the luminol solution these precautions are especialy im-
portant, and the room should be thoroughly ventilated after the
chemiluminescence has been observed.

Results and Discussion
Inhibition of Hypochlorite Bleach-Induced Chemiluminescence

Preliminary experiments showed that the observed chemilumi-
nescence of luminol upon reaction with either blood or bleach was
pH dependent, and that the addition of amines to solutions could
changethe pH. Therefore the pH was adjusted to pH 12.1 = 0.1 for
the solution studies described in this paper.

The ability of amines to inhibit bleach-induced chemilumines-
cence from the Grodsky formulation of luminol solution was eval-
uated using a steady-state flow cell attached via fibre optics to a
diode array spectrophotometer. The amineswere added at |evels of
0, 0.008, 0.02, 0.04, and 0.08 mol/L. The results, Table 1, showed
that the inhibition by amines increased with the basicity of the
amines and was most marked for 1,2-diaminoethane, with 90% in-
hibition at 0.08 mol/L. Ammonia caused little or no inhibition, in
accord with the reported slower rate of reaction of ammonia with
hypochlorous acid (9). Triethylamine caused increases in the ob-
served chemiluminescence, in agreement with literature observa-



tions on tertiary amines (11,12). The metal chelating agent EDTA,
which is also atertiary amine, had no effect on the chemilumines-
cence at all concentrations tried (0-0.08 mol/L).

Similar results to these were obtained by visual examination of
bleach spots sprayed with amine-containing luminol sprays. De-
pending on the concentration of the bleach used and the length of
time it had been on the substrate, concentrations of 0.02 mol/L or
0.1 mol/L 1,2-diaminoethanein Grodsky’sluminol spray were suf-
ficient to reduce bleach-induced chemiluminescenceto anegligible
level. In addition, it was noted that if bleach spots were |eft for pe-
riods of greater than a day under conditions where they could dry
that no significant chemiluminescence was observed when they
were sprayed with standard forensic luminol-peroxide sprays
(Grodsky or Weber formulations).

Effect of Amines on Heme-catalyzed Chemiluminescence

The effect of the amine 1,2-diaminoethane on the blood-cat-
alyzed luminol chemiluminescence was evaluated both spec-
trophotometrically in solution and visually with bloodstains on
substrates. In solution studies the addition of 0.1 mol/L 1,2-di-
aminoethane at pH 12.1 caused a slight decrease in chemilumines-
cence over thefirst 1 min, but was then identical to the chemilumi-
nescence of the control, Fig. 2. This experiment was performed
with aged blood, so the initial rapid change may represent activity
due to degraded hemoglobin.

Visual comparison of 1,2-diaminoethane effects were performed
using vinyl and cotton substrates with 1 h, 3 h, and 1-day-old blood
stains, and the appearance and duration of the chemiluminescence

TABLE 1—Effect of amines on chemiluminescence from the reaction
of hypochlorite bleach with luminol and hydrogen peroxide.
Chemiluminescence is expressed as a ratio compared to
that observed when no amineis present.

Concentration (mol/L)

Amine pKa 0 0.008 0.02 0.04 0.08
1,2-diaminoethane 9.93 1 0.71 0.44 0.26 0.12
TRIS 8.08 1 1 0.95 0.88 0.66
Ammonia 9.24 1 1 1 1 1
Taurine 9.06 1 0.77 0.6 0.4 0.28
Triethylamine 10.71 1 33 6.3 6.3 6.9
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FIG. 2—Time evolution of the chemiluminescence observed when a di-
Iute blood solution was added to Grodsky’ sluminol solution in the absence
(smooth line) and presence (dashed line) of 0-1 mol /L 1,2-diaminoethane.
Each curveis a superposition of three replicate runs.
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TABLE 2—Duration of chemiluminescence observed when blood
on a cotton substrate is sprayed with Grodsky’s luminol
formulation. The 1,2-diaminoethane was added to the
spray solution immediately before use.

Duration of Observable

Age of Chemiluminescence
Conditions Stain (h) (n=10; £ sd.)
Control: Grodsky spray 1 3min2ls*+26s
3 3min07s=* 30s
72 3min38s=*29s
Grodsky spray 1 49s+8s
-+ 0.1 mol/L 3 58s+* 8s
1,2-diaminoethane,
pH 11.77 72 52s*+11s
Grodsky spray 1 1min00s=*14s
-+ 0.1 mol/L 3 1min34s+44s
1,2-diaminoethane, 72 57s+ 11s
pH 12.36
Grodsky spray 1 58s=+ 15s
-+ 0.02 mol/L 3 1min27s=*10s
1,2-diaminoethane, 72 1min20s+ 13s
pH 12.01
Grodsky spray 1 2min20s+ 44s
+ 0.02 mol/L 3 3min55s=* 27s
1,2-diaminoethane, 72 3min06s=* 25s
pH 13

was noted. On agiven day repeated measurements showed good re-
peatability, and comparisons between different conditions were a -
ways made within the same experimental run. It was observed that
the strength and duration of chemiluminescence due to blood were
decreased by afactor of 2-3 in the presence of high concentrations
of 1,2-diaminoethane (0.1 mol/L), Table 2, although the exact level
of inhibition was aso dependent on the solution pH. However,
even though the 1,2-diaminoethane causes dight inhibition in the
chemiluminescence due to blood the results obtained are till satis-
factory for use at a crime scene. Furthermore, at a crime scene re-
peated spray applications can be used if the chemiluminescence du-
ration istoo short.

The addition of 1,2-diaminoethane to Weber’ s luminol formula-
tion was not as successful at reducing the chemiluminescence due
to bleach. Our results suggest that the presence of carbonate in the
solution plays asignificant role in the observed reactivity.

A simulation of a crime scene where bloodstains on carpet,
vinyl, and cloth were washed with bleach at recommended dilu-
tions showed that addition of 0.1 M 1,2-diaminoethane to Grod-
sky’s luminol formulation reduced the bleach interference on al
substrates and only slightly affected the blood chemiluminescence.
This solution is now included in the ESR protocol for luminol use
if there is evidence that bleach may have been used at a crime
scene. Appropriate precautions, including the use of safety glasses
and respirator masks, are taken when spraying either Grodsky’slu-
minol solution or the solution including 1,2-diaminoethane. Alter-
natively, if the crime sceneissuch that it can beleft to dry for afew
days (e.g., acar interior) then this delay will reduce or remove the
bleach interference.

Conclusion

Thefalse positive response observed when luminol -peroxide so-
lutions are sprayed onto an area that has been cleaned with
hypochlorite-containing bleaches can be prevented by adding
amines such as 1,2-diaminoethane to the luminol solution. The
amines react rapidly with the hypochlorite ions, and the chlor-
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amines thus formed do not cause visible chemiluminescence to oc-
cur. The amines do slightly reduce the chemiluminescence ob-
served from blood, but the treatment still has sufficient intensity
and longevity of light emission that it is useful in aforensic con-
text. During this study it was aso noted that the positive interfer-
ence by bleach isdiminished if the areato be sprayed isleft for sev-
eral days. Therefore, where possible a delay before spraying with
luminol-peroxide solution can significantly reduce positive inter-
ference by bleach. Both of the procedures have been included in the
ESR protocols for luminol use.
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