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ABSTRACT: Fiuorescence spectra of extracts of fecal material, in the presence of zinc ion, dis-
play the well-known green fluorescence used in the Schlesinger test for the urobilinoids, together
with several other fluorescences. All of these can be demonstrated in a single spectrum by the
synchronous fluorescence technique, which, with new extraction conditions, enables the urobili-
noid fluorescence to be detected in quantities of human fecal material down to about S0 ng in
mass. This represents a reduction on the order of a thousandfold in the detection limit of the
original visual technique; selectivity too is greatly increased. The effects caused by a variety of
reagents on the fluorescences have been examined. It is shown that in Edelman’s version of the
test the presence of mercuric ion largely quenches the fluorescence. The synchronous spectra
vary considerably between different samples of human feces and between different mammals ac-
cording to their diet. The specificity of the recommended technique is discussed with reference
to the spectra given by other body materials.

KEYWORDS: criminalistics, luminescence, spectroscopic analysis, fluorescence spectrometry,
fecal material

The techniques used in the characterization of fecal traces in forensic science include
Schlesinger’s [1], in which a green fluorescence is seen when an extract is treated with a solu-
tion of zinc acetate, and Edelman’s [2], in which an additional treatment with mercuric ion
produces a pink color.

A number of related compounds are thus detected. These include stercobilin and several
urobilins [3], collectively referred to here as urobilinoids. These compounds are formed by
bacterial processes in the gut from the bilirubin and its conjugates present in the bile. The
major bacterial end-products are the colorless chromogens (stercobilinogens and urobilino-
gens) that in the presence of air, for example, are readily oxidized to the urobilinoids. Recent
structural assignments for some of the compounds, all of which are members of the bilene
group of the tetrapyrroles, are given by Brockman [4].

Although the Schlesinger and Edelman tests were originally devised for the clinical ex-
amination of both urine and fecal material, in forensic science work the main adaptation has
been to the detection of fecal stains on swabs and clothing [5], on which only small amounts
of material may be available. In this circumstance it is our experience that uncertain results
are often obtained. Known fecal material sometimes gives no visible fluorescence, the fluor-
escence varies in color between samples, and the fluorescence may be entirely obscured by
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that of extraneous substances. We have therefore made a spectrometric study of these tests
with a view to increasing their reliability and selectivity.

Experimental Procedure

The spectra were plotted with a Perkin-Elmer MPF-4 fluorescence spectrometer. The
5-mm square sample cuvettes were fitted with inlet and outlet lines for the transfer of
samples and for the deoxygenation of the solutions when required. All of the spectra shown,
except those in Fig. 1 (which are fully corrected), were run in a “ratio” mode with direct ref-
erence of the excitation response to the output of the xenon source at the relevant wave-
length. Fully corrected spectra cannot always be obtained because the spectral range of in-
terest extends beyond the limit of the usual rhodamine quantum counters.

Methanol, 2-methoxyethanol, and cyclohexane were bought as spectrometric-grade
solvents. The methanol usually was adequately free of fluorescing impurities for use as
received. Compounds fluorescing strongly in the 300-nm region were present in the methoxy-
ethanol, They were eliminated when the solvent (in which the absence of peroxides was first
confirmed [6]) was passed through a column of activated charcoal and rapidly distilled under
nitrogen. Cyclohexane was treated similarly. Other materials were of analytical reagent
grade. All samples were dried under vacuum, over silica gel, before examination.

The recommended procedure for the detection of urobilinoids and associated compounds
is as follows. In 100 g of the methoxyethanol dissolve 1 g of zinc acetate dihydrate and 0.2 g
of tris(thydroxymethyl)aminomethane (Tris). The absorbance of this reagent should not be
greater than 0.04 per centimetre of pathlength, compared with distilled water, in the range
of 270 to 700 nm, and 0.1 per centimetre of pathlength at 250 nm. The reagent is stable pro-
vided it is stored in darkness to prevent peroxide formation.
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FIG. 1—Fluorescence excitation (broken line) and emission (full line) spectra, corrected. of fecal
urobilinoids in the zinc acetate reagent described under “Experimental Procedure.”



354 JOURNAL OF FORENSIC SCIENCES

Coherent samples should be dried under vacuum and analyzed directly. Traces on (dried)
swabs or fabric, for example, are removed with their supporting material and rinsed with cy-
clohexane. Retain the rinsings if the presence of mineral oil or other lubricants is to be
sought, for example by fluorescence spectrometry [7] or gas chromatography [§]. To the
sample add 1 mL of the zinc acetate reagent, sonicate for 5 min, heat at 100°C for 10 min,
cool, and centrifuge. Plot the synchronous fluorescence excitation spectrum [9] of the super-
natant at an excitation-emission interval of 6.5 nm over the range 250 to 700 nm, with band-
pass settings not greater than 4 nm. When possible the spectrometer should record either an
excitation-corrected spectrum or the ratio of the fluorescence to the output of the source at
the corresponding excitation wavelength. If a peak is revealed in the region 507 = 2 nm, plot
its fixed excitation and emission spectra over the range of 300 to 600 nm. The presence of
urobilinoids is indicated by excitation and emission maxima at 507 + 2 nm and 513.5 4 2

. nm, respectively, as shown in Fig. 1. Note that if an uncorrected spectrometer is used, the
excitation spectrum may exhibit a spurious fine structure caused by the spectrum of the
Xenon arc.

Strongly colored solutions should be diluted to minimize inner filter effects. The absence
of a significant interference of this sort in the 250- to 300-nm range, where an important
fluorescence occurs, can be shown by a comparison of the Rayleigh scattering signal (ob-
tained with the excitation and emission monochromators set to the same wavelength) of the
solution in this region with that from a reagent blank: the signal should be negligibly dimin-
ished. This is on the assumption that the absorbance of the reagent is as specified above,
that no particulate matter is present, and that the contribution of fluorescence to the ob-
served signal is relatively small, which it normally is here.

Results and Discussion

Fluorescence Spectral Characteristics of the Fecal Extracts

Shown in Fig. 1 are the corrected excitation and emission spectra of the fluorescence at-
tributed to the urobilinoids extracted from human feces with the zinc acetate reagent. The
excitation and emission maxima are at 507 and 513.5 nm, respectively. An additional weak
excitation is present at 373 nm. With allowance for solvent effects and for the varying char-
acteristics of fluorescence spectrometers, these results are consistent with others that have
been published [10-12], although there is an as yet unexplained exception [13].

It is immediately apparent from Fig. 1 that the use of the usual long-wave (364-nm) ultra-
violet lamps for the visual detection of this fluorescence is bound to give rise to difficulties.
At 364 nm other fluorophores with strong excitations in this region will interfere. An exam-
ple from case work is shown in Fig. 2. An extract of the suspected fecal material under an
ultraviolet lamp gave a brilliant blue-white fluorescence, which was probably due to a deter-
gent-derived fluorescent brightener on the garment concerned. The spectrum of this fluores-
cence, with a maximum at 440 nm (excited at 364 nm), is shown in Fig. 2. Any urobilinoid
fluorescence here is entirely swamped. However, its presence is clearly demonstrated when
an excitation at 500 nm is used; the corresponding excitation spectrum monitored at 520 nm
is also readily obtained, as Fig. 2 shows. The excitation and emission wavelengths used here
are slightly offset from their maxima because of the considerable overlap of the spectra.

Synchronous Spectrometry

By this technique several different fluorescences may be placed alongside one another in a
single spectrum [9]. Figure 3 shows spectra of the fluorescence from two different samples of
human feces, run with a synchronous excitation interval of 6.5 nm. This particular interval
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FIG. 2—Fluorescence excitation {broken linej and emission {fuil line) spectra of a fecal stain on a
clothing exhibit extracted into a zinc acetate reagent. Different fluorescences are excited at 364 nm and
500 nm, as described in the text.

corresponds to the separation of the urobilinoid excitation and emission maxima and there-
fore maximizes the derived synchronous peak [7/4]. Apart from the characteristic urobilinoid
peak at 507 nm, several other fluorescences are revealed. An examination of their excitation
and emission spectra shows that these fluorescences are apparently due to chlorophyll-a at
657 nm, to compounds of the bilidiene group as their zinc complexes at 628 nm, to zinc-com-
plexed porphyrins at 579 nm, and to aromatic amino acids at 285 nm. A variety of other flu-
orescences, not represented in these samples, sporadically occur.

The chlorophyll assignment is based on the close agreement obtained with published spec-
tra and with the spectra of plant extracts in the zinc acetate reagent. For the bilidienes,
which are derived from the urobilinoids by further oxidation, the small amount of published
work is in agreement [/2]. The characteristics of the $79-nm fluorescence agree with the flu-
orescence of protoporphyrin IX in this reagent, although uroporphyrin I and copropor-
phyrins I and II are similar and would be poorly resolved under these conditions (evidently,
all of them are converted into their zinc complexes). The amino acid attribution is also based
on direct spectral comparisons with the known compounds. It should be noted that the
quoted synchronous fluorescence wavelengths are excitation wavelengths.

In human feces these other fluorescences are generally much weaker than the urobilinoid
fluorescence and require higher spectrometric sensitivities to display them, as is shown for
the region above 560 nm in Fig. 3. Even so, their varying amounts considerably affect the ap-
pearance of the extracts in ultraviolet light—the solutions used for Fig. 3 appeared quite dif-
ferent from one another—and limit the validity of visually based identifications.
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FIG. 3-—S8ynchronous spectra obtained with an excitation-emission interval of 6.5 nm from different
samples of human fecal material. Further details are given under “Experimental Procedure.”

Reagent Composition

Conventionally, the Schlesinger reagent is an alcoholic solution of zinc acetate to which an
extract of the questioned material is added. We have examined the effect on the intensity
and wavelength of the fluorescence of a variety of modifications to the reagent. These in-
clude several alcohols, acetone, trimethylphosphate, chloroform, and acetonitrile as solvent
components, and the addition of acetic acid, sodium acetate, water, Tris, pyridine, piperi-
dine, and ammonium hydroxide in varying amounts. In each instance, 25 xL of a methanolic
fecal extract (1 mg/mL) was added to 2 mL of the reagent containing 1% mass/volume zinc
acetate dihydrate. The effects observed were relatively small: the highest intensities (~ 1.2
relative to methanolic zinc acetate) were obtained from alcoholic solvents containing Tris
(0.2%), and the lowest (intensity, 0.42) from alcoholic acetic acid (5%). The addition of
water (2.5%) to methanol solutions suppressed the fluorescence (intensity, 0.89). At higher
concentrations of water, hydrolysis and precipitation of the zinc acetate occurred, and the
fluorescence virtually disappeared. The wavelength of the synchronous excitation maximum
shifted down to 504 nm, from 507 nm, in the presence of 2\ ammonium hydroxide in meth-
anol, which was the largest shift observed. The fluorescence intensity of the solutions in-
creased only slightly (~5%) when they were purged with nitrogen; that is, oxygen quenching
is slight.

Preferably, from convenience and sensitivity considerations, the extraction and the fluo-
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rescence development should be done in a single step. To this end, a variety of experiments
wete made in which constant amounts (0.5 mg) of dried fecal material were treated with
1-mL volumes of different extractants. Each extract was then diluted (25 gL to 1 mL} in
methanolic zinc acetate before spectrometry. The following conclusions were drawn. First,
water, an often-used extractant, is very inefficient. Only a twentieth of the fluorescence ob-
tained by the final technique was extracted. Second, higher yields are obtained in dry alco-
holic solvents. The yield increases if the temperature is raised and is therefore limited by the
solvent’s boiling point. For example, relative to an extraction at room temperature, at 100°C
in methoxyethanol the fluorescence intensity increased by a factor of 2.4. Third, the pres-
ence of zinc acetate increases the yield. In methoxyethanol the addition of 1% mass/volume
zinc acetate dihydrate produced an increase of 2.1. It seems that complexation with zinc ion
increases the solubility of the urobilinoids considerably.

Obviously, the usual technique can be considerably improved in a single-step procedure.
Some more detailed results pertinent to the procedure described above are given in Fig. 4,
which shows the effects of variation in concentration of zinc acetate and Tris, and in the
heating time at 100°C for a methoxyethanol reagent. In each experiment 1 mg of fecal mate-
rial was extracted with 2 mL of the reagent, as described above, except for the varied factor.
Evidently, little further extraction occurs after 10 min at 100°C, the effect of Tris on the ex-
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FIG. 4—The effects of variation in experimental conditions on the urobilinoid fluorescence extracted
Sfrom fecal material (0.5 mg/mL reagent). Apart from the varied factor, the conditions are as given
under “Experimental Procedure.”
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traction is small, and the optimum concentration of the zinc acetate is about 1% mass/vol-
ume. A significant fluorescence is detectable in the absence of zinc acetate, as Fig. 4 shows.
Perhaps traces of zinc in the sample or solvent are responsible, although uncomplexed
urobilinoids could be appreciably fluorescent [/7]. Even under optimum conditions the ex-
traction is incomplete. When a sample is re-extracted further amounts of urobilinoids are
obtained (~10% of the original), although not of the other fluorescent components.

The use of methoxyethanol as solvent is advantageous because of its high boiling point
(120°C) and commercial availability in a relatively pure form. Fluorescent impurities may
still be present, however, and must be removed if the short-wave fluorescence typical of body
materials generally (see below) is to be determined.

Effects of Mercuric Ion and of lodine

In Edelman’s procedure [2], recommended by Nickolls [5] (who incorrectly ascribed the
fluorescence to bilirubin), the sample is treated with a solution of a mercuric salt {mercuric
chloride) to give a pink color before the addition of a zinc salt for the production of the fluo-
rescence seen in the Schlesinger test. Unfortunately it seems to have remained unrecognized
that the urobilinoids form very much more stable complexes with mercuric than with zinc
ions. In the presence of mercuric ion only negligible amounts of the fluorescent zinc com-
plex are formed. For example, when a fecal extract (1 mg/mL) containing 1% zinc acetate
dihydrate was treated with the same concentration of mercuric acetate, the urobilinoid fluo-
rescence was reduced in intensity by a factor of 0.03 and became, typically, visually unde-
tectable (Fig. 5). The same result was obtained when the chloride salts were used. If substan-
tially larger amounts of sample are taken, the fluorescence can be seen, but this differs to
some extent from the characteristic color. Obviously, if both the pink mercuric complex of
the urobilinoids and their fluorescent zinc complex are to be recognized readily in the same
extract, the zinc salt must first be added and its effect determined. For more than 65 years
the addition has been made the wrong way round! In any case, the mercuric coloration is
generally weak and of little use for the small amounts of material to which the spectrometric
technique is particularly applicable, and the distinctive fluorescence in the 620- to 660-nm
region are largely suppressed also, as Fig. 5 shows.

In some applications of the Schlesinger test the fluorescence is enhanced by the use of io-
dine or persulfate, which produces more urobilinoids by the oxidation of the urobilinogens.
With typical forensic science samples, which generally are dry and entirely aerated, the ef-
fect is fairly small. Presumably the oxidation is already practically complete. Figure 5 shows
the effect of the addition of iodine at a concentration of 2 X 10~% M to an extract of such a
sample. The urobilinoid fluorescence is increased by a factor of 1.16. The bilidiene
fluorescence at 628 nm, however, is largely destroyed. With increased concentrations of
iodine the urobilinoid fluorescence rapidly decreases too. Apparently, more evidence could
be lost than gained by this modification, as by Edelman’s [2].

Detection Limits and Variation with Sample Size

Experiments with varying amounts of typical fecal material showed that the urobilinoid
fluorescence could be detected, with a peak at three times the spectrometer’s noise level,
from 50 ng of material in 1 mL of reagent {estimated by dilution of more concentrated ex-
tracts). For the detection of the bilidiene and chlorophyll peaks at least 1 ug was required,
and 50 to 100 ug was needed for the zinc-containing porphyrins. It was estimated that the
limit of visual detection of the urobilinoid fluorescence in these solutions was in the range of
10 to 100 pg, a thousand times greater than that of the spectrometric technique.

Over a range of sample size from the detection limits to 2 mg in 1 mL reagent, taken in in-
crements that increased by a factor of about 2, and taking log,o of each datum, the cortela-
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FIG. 5—The effects of the addition of 0.0002 M iodine (dotted line) and 1% mercuric acetate (broken
line) on the synchronous fluorescence of a fecal extract (full line).

tion coefficients of the log intensities on the log;y sample concentrations were 0.999, 0.995,
0.996, and 0.996 for the urobilinoid (19 points), zinc porphyrin (8 points), bilidiene (12
points), and chiorophyll (10 points) fluorescences, respectively. The respective linear regres-
sion coefficients of slope were 0.974, 1.024, 1.041, and 1.005.

The urobilinoid coefficient of slope differs significantly from the value of 1.0 expected for
a direct linear dependence of intensity on concentration. This is thought to be mainly due to
a decrease in the efficiency of the extraction as the sample size increases, although fluores-
cence quenching could also be involved. However, the effect on the appearance of the spec-
tra is small and therefore has not been further investigated.

Variation Between Samples

Fecal materials vary widely in their urobilinoid content. In samples from 19 different indi-
viduals a fifteenfold variation in the urobilinoid fluorescence intensity, normalized with re-
spect to sample mass, occurred. The other fluorescences varied to a similar extent, as shown
for the two samples in Fig. 2, but these variations were found not to be greatly different from
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those in a single individual sampled over a period of time. Evidently the spectra reflect the
combined effects of an individual’s diet, the bacterial flora of his or her gut, and the level of
bilirubin excretion at a particular time. Within these [imits the spectra could form useful
evidence of origin of a transferred material.

Where the mass of material available for examination cannot be determined accurately, as
is often the case, comparisons can be made only on the basis of relative intensities, such as
those of the nonurobilinoid to the urobilinoid fluorescences. For the 19 different samples ex-
amined, a useful level of differentiation could be obtained in this way from 100- to 500-pg
amounts. Thus, for the chlorophyll relative to the urobilinoid fluorescence intensity, on the
assumption that a pair of samples was discriminated when the range of the combined results
for the two samples, each run in duplicate, exceeded the upper 5% point of the relevant stu-
dentized range [15], the discriminating power [16] was 0.82. For the bilidienes the result was
0.70, and for these features taken together, 0.97. The zinc porphyrin fluorescences are gen-
erally too weak to be useful in this connection, although in some physiological states impor-
tant amounts may be present.

Small samples do not yield spectra on which reliable differentiations can be based, al-
though such samples may still be classified as being of fecal origin. Whereas samples of
about 0.5 mg in mass, on cotton wool swabs stored in the laboratory atmosphere, have given
results independent of time over a period of three months, in samples below the 50- to 100-
ug region in mass the nonurobilinoid fluorescences generally become increasingly subject to
the history of the sample and difficult to detect, in contrast to the urobilinoid fluorescence.
Also, the typical heterogeneity of the material increasingly affects the results.

Relationship to Other Body Materials

Although the urobilinoids and their precursors are produced in the gut and are sometimes
assumed, therefore, to be characteristic only of feces, they are to some extent absorbed into
the blood stream from the gut and distributed throughout the body. The quantities involved
are usually small but vary appreciably, particularly in hemolytic states. A useful measure of
their relative amount can be made by the comparison of their synchronous fluorescence in-
tensity with the intensity of the “amino” peak at 285 nm in the spectra. In fecal samples the
latter fluorescence is generally only a small fraction of the former, as in Fig. 3, for example.
In other materials the relationship is reversed, as shown for the two urine samples in Fig. 6.
When 42 samples of urine were examined (10-uL aliquots were dried on filter paper and
treated with the reagent directly), the urobilinoid fluorescence, relative to the amino peak,
varied in 41 of the samples from less than 0.0014 up to 0.045. In the other sample the ratio
was 0.161. (It should be noted that these ratios will vary with the spectrometer used to mea-
sure them.) In none of these samples was any significant fluorescence detected in the region
above 600 nm. Similar results were given by other materials (vaginal fluid, semen, sweat,
saliva) except blood. This gave a strong characteristic synchronous fluorescence at 645 nm
and another at 525 nm that overlapped the urobilinoid peak. Figure 6 includes an example.

Provided that the urobilinoid and-the other fluorescences are comparable in relative inten-
sities to those shown in Fig. 3, for example, there is little possibility of confusion between
human fecal material and any other human body material. When only traces are present,
however, the bilidiene and chlorophyll fluorescences may not be detectable, or the latter may
be spuriously present, and other materials may increase the 285 nm fluorescence. For in-
stance, both urine and fecal material may be present on penile swabs in cases involving bug-
gery. In this circumstance the evidentiary significance of the result will depend on whether
the ratio of the urobilinoid to the amino fluorescence exceeds the value expected of urine.
Ideally, this should be assessed on the basis of a sample of the defendant’s urine.

Spectra from two cases in which swabs of this type were submitted are shown in Fig. 7.
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FIG. 6—Synchronous fluorescence of a blood sample and two urine samples: 10 uL of each sumple
was dried onto filter paper and extracted with the zinc acetate reagent.

Spectrum A is from a penile swab carrying a brown material. The spectrum shows that the
presence of urobilinoids is detectable, but only with a hundredfold increase in sensitivity rel-
ative to the amino peak. The presence of fecal material is therefore excluded. Fecal material
from the complainant in the case contained typical levels of urobilinoids. In Spectrum B, the
urobilinoid fluorescence considerably exceeds the relative level expected from urine: the
probable presence of fecal material is indicated. The excitation and emission maxima of the
synchronous peak at 507 nm were the same as those already quoted. It is an important ex-
perimental point here that such swabs should be rinsed in cyclohexane before examination
to remove any traces of mineral oil that might increase the 285-nm fluorescence. In the blank
Swab C (Fig. 7) some traces still remain, although these are detected only at much higher
sensitivities than are used in this wavelength region for Spectra A and B.

Urobilinoids are not invariably present in substantial amounts in human fecal material.
The intestinal bacteria do not become well established until a few months after birth, and
they may be temporarily eliminated by antibiotics. Although the technique described here
has detected traces of urobilinoids under such conditions, for example in meconium, other
fluorescence and absorbance spectrometric techniques are available by which the presence
of unmodified bilirubin and its conjugates in such samples may be specifically shown [13].

Other Mammalian Fecal Material

Samples of other common mammalian feces have been examined. The results are largely
predictable from the diet of the animal concerned.
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FIG. 7—Synchronous fluorescence spectra from two penile swabs A and B and a blank swab (C).
Spectrum C and the indicated longwave part of A were run at an increased sensitivity { X100).

In canine fecal material (Fig. 8) the fluorescences detectable in human material are gener-
ally present, and in similar relative amounts, but a variety of others sometimes occurs, as the
full-line spectrum shows. This could prove of value in the correlation of transferred traces,
although the spectra do not in general differentiate less distinctive materials.

Other examples are shown in Fig. 9. In the porcine feces substantial amounts of urobili-
noids are present but, relative to the amino peak, substantially less than in human material.
The expected large amounts of unchanged chlorophyll in herbivore feces is shown in Fig. 9
for equine and bovine samples. There is also present in these a new synchronous fluores-
cence at 610 nm, the excitation spectrum of which was shown to be similar to that of
chlorophyli. The compound responsible is assumed to be phylloerythrin, a chlorophyll cata-
bolite. Urobilinoid fluorescence has always been found in such samples, but increased spec-
trometer sensitivities often must be used to detect it.
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FIG. 8—Synchronous spectra from three different samples (0.3 mg) of canine feces, extracted as
under “Experimental Procedure.”

Concluding Remarks

Although the urobilinoids are commonly distributed, because the spectrometric technique
enables their levels to be related to those of other fluorescent compounds, some of which are
also typical, fecal traces may now be identified much more specifically than by the older
technique, and at much higher levels of sensitivity. Of course, the results must be assessed in
relation to those available from other techniques, particularly microscopy. But, in our exper-
ience, and as Nickolls pointed out [5], it is not uncommon for a sample to yield only sparse
amounts of particulate matter, upon which a characterization by microscopy of the source of
the sample can be based. Our technique may be readily and rapidly applied to such samples.

Recently an alkaline phosphatase test has been used for the characterization of mam-
malian feces [17]. No results for human feces were given, but an intestinal alkaline phospha-
tase is well known, and its relationship to the ABO and secretor genes has been studied [78].
Even though alkaline phosphatases are of widespread occurrence, if the reported detection
limit (apparently, 85 ug) could be improved the results might usefully supplement those of
the spectrometric technique.
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FIG. 9-—Synchronous spectra from extracts of 0.5-mg quantities of porcine. equine, and bovine
feces. The conditions are as given under “'Experimental Procedure.”
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