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Introduction
Bilirubin is a product of red blood cell degradation in the 

liver and under normal conditions, is derivatized to a water-
soluble form termed conjugated bilirubin, which is efϐiciently 
excreted from the body [1-4]. Total bilirubin measurements 
of blood serum reϐlect both the amount of conjugated and 
unconjugated bilirubin, which in healthy individuals are 
~0.6-1.0 mg/dL total, consisting of ~30% conjugated (direct) 
and ~70% unconjugated (indirect) forms. The unconjugated 
form of bilirubin is associated with the normal destruction of 
senescent red blood cells [5,6]. Readings above 3 mg/dL (total) 
are indicative of some type of health issue, which may involve 
either unconjugated or conjugated bilirubin forms [5-14]. A 
relatively high percentage of neonates develop jaundice due to 
elevated bilirubin levels, which in many cases resolves itself as 
liver function matures during early life. Medical intervention 
is necessary if bilirubin levels are greater than 20-25 mg/dL, 
which if untreated, may result in brain damage and eventually 
death [3,5]. In adults, increased serum bilirubin levels may 
result from a variety of conditions including autoimmune 
disease, cirrhosis, blunt force trauma to the abdomen (liver), 
hepatitis and hepatocellular disease, where bilirubin levels 
may reach as high as 20 mg/dL or greater [6-14].  

Recently, ultraviolet 365 (UV 365) has been described as 
an effective alternative light source (ALS) in the detection 
of blood serum that has dried on various materials [15,16]. 
This method is useful in evaluating clotting blood that has 
been transferred as well as an isolated serum that may be 
cast off, especially in cases where the victim is moved. During 
previous studies [17], it was noted that the serum halos of 
clotting blood transfers containing excessive amounts of 

Summary 

Increased levels of bilirubin in blood serum may result from numerous physical conditions 
including hepatitis, cirrhosis, enzyme defi ciency, drug reactions, autoimmune disorders and 
physiological trauma. No presumptive test for high bilirubin levels in blood serum stains currently 
exists, which could prove useful in the assessment of crime scenes involving victims with one 
of the above disorders. Here, the use of ultraviolet 365 (UV 365) is described as a simple, 
nondestructive method for the detection of blood serum containing elevated levels of bilirubin.

bilirubin appeared visually different from those of normal, 
control samples (K.P. Kearse, unpublished observations). It 
was therefore hypothesized that alternative light sources, 
speciϐically UV 365, might be effective in distinguishing serum 
stains containing elevated levels of bilirubin. Additionally, 
it was proposed that bilirubin in dried serum stains would 
be sensitive to photodegradation, similar to circulating 
bilirubin in vivo and bilirubin in liquid serum samples. Here, 
the ϐluorescent detection of blood serum containing elevated 
levels of bilirubin was evaluated, demonstrating that as 
bilirubin levels increased, the serum ϐluorescence shifted 
from a whitish appearance to greenish/yellow hue. This effect 
was observed in both dried blood drops and isolated serum. 
Bilirubin ϐluorescence was diminished by sun exposure, 
documenting that bilirubin remains photosensitive in dried 
serum stains. The implications of these ϐindings in forensic 
blood detection and analysis are discussed.

Materials and methods
Blood and serum

Human blood was obtained from healthy volunteers by 
the ϐinger stick method using a Health Lancing device (CVS 
pharmacy, USA) ϐitted with a micro lancet (CVS Pharmacy, 
USA). Blood was dropped onto Paraϐilm® M Laboratory Film 
(Bemis Company, Inc., Oshkosh, WI) and transferred to various 
substances using a 1-10 or 10-100 microliter (μl) Eppendorf® 
micro pipettor (Hamburg, Germany). Human blood serum 
was obtained from Innovative Research (Innovative Research 
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Company, Novi, MI), purchased as pooled human serum of the 
clot, and transferred to various substances using a 1-10 or 
10-100 microliter (μl) Eppendorf® micro pipettor (Hamburg, 
Germany).

Bilirubin preparation

Unconjugated and conjugated bilirubin (Lee Biosciences, 
Maryland Heights, MO) were resuspended in DMSO or water, 
respectively, at a concentration of 5 mg/ml. Control samples 
received a solvent amount equivalent to the upper limit used 
in the experiment. For studies with whole blood and isolated 
serum, the total endogenous bilirubin level was 0.6 mg/dL 
and 0.2 mg/dL, respectively. 

Ultraviolet light sources

Two UV light systems were used in these studies: a LED UV 
ϐlashlight, 365 nm, LED-UV301-356 nm (Shenzhen Light Light 
Limited, Shenzhen, China), referred to as System 1; and two LED 
portable 3-watt UV light bulbs, 365 nm, UV-3W-365UV-E27-
AC (Golden Gadgets, South El Monte, CA) positioned at a ~ 45o 
angle from the subject and ϐitted with a NUV M55.0 x 0.75 ϐilters 
(Edmunds Optics, Barrington, NJ), referred to as System 2.
All photographs were taken using a Sony RX100 digital 
camera; with System 2, a 425 nm long pass ϐilter (Edmunds 
Optics, Barrington, NJ) was placed in front of the camera lens.

Fabrics and other materials

Speciϐic fabrics that were used in this study include 
Whatman® 1 mm ϐilter paper; commercial linens purchased 
from Joanne’s fabric shop, designated types 1 and 3; natural 
unprocessed linen (chemical free, unbleached, undyed) made 
from 100% organically grown ϐlax, designated as type 2; 
linen that was hand woven from natural, unprocessed ϐlax, 
designated as type 4; and a white cotton T-shirt that had been 
worn and washed in commercial detergent for several years. 
All fabrics were obtained from the author’s personal collection. 
Other materials include pre-cleaned glass microscope slides, 
stainless steel kitchen knives, black disposable nitrile gloves, 
a Ziploc plastic bag and a white leather walking shoe. 

Sunlight exposure

Approximately 10 ml of serum containing normal or 
elevated amounts of bilirubin (10 mg/dL) were added to ϐilter 
paper and dried. One-half of the sample was exposed to four 
hours of sunlight on a clear day (~80 oF, relative humidity 
~ 60%); the other half was covered and placed alongside the 
experimental sample. Samples were rejoined for photographic 
analysis. 

Results
As shown in Figure 1, serum containing increasing 

amounts of bilirubin showed a shift in UV ϐluorescence from 
a whitish appearance to a greenish/yellow tinge (Figure 1).
This effect was observed using two different UV lighting 

systems, a portable UV ϐlashlight ideal for ϐield work (Figure 
1A) and two LED UV light bulbs ϐitted with a restrictive 
ϐilter (Figure 1B), (see Materials & Methods for details). The 
color shift was observed for both bilirubin forms and was 
readily distinguished from control serum at concentrations 
of 10 mg/dL or greater (Figure 1). At relatively high levels 
(20 mg/dL), serum ϐluorescence of the unconjugated form was 
a particularly bright greenish/yellow (Figures 1A & 1B). Blood 
drops containing normal and elevated levels of bilirubin that 
had dried on glass or a metal knife blade appeared relatively 
similar under visible light (Figure 2); however, they were 
markedly different when examined under UV 365 (Figure 2).
In control blood groups, the serum formed a whitish 
ϐluorescent ring at the outer edge of the drop, whereas groups 
containing elevated levels of bilirubin showed a greenish/
yellow ϐluorescent ring at the periphery (Figure 2). Isolated 
blood serum containing high bilirubin levels that had dried 
on a metal knife blade was distinguishable from control 
serum even under visible light, although this difference was 
clearly enhanced under UV 365 (Figure 3). Similar results 
were observed with a blood serum that had dried on glass 
(Figure 4). 

Detection of serum containing normal and elevated levels 
of bilirubin on certain textiles and materials was variable, 

Figure 1: The appearance of control and elevated bilirubin serums under visible 
light (VL) and UV365. Samples were added to fi lter paper and evaluated under 
visible (normal) light and UV 365 using system 1 in (A) and system 2 in (B).  See 
Materials and Methods for details.

Figure 2: Eff ect of elevated bilirubin on the appearance of dried blood under visible 
light (VL) and UV 365. Control and elevated levels of unconjugated bilirubin (10 mg/dL) 
samples were added to a metal knife blade or glass slide and after drying, evaluated 
under a stereomicroscope using visible (normal) light or UV 365 (system 1).
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Finally, the effect of sunlight exposure on the detection of 
elevated bilirubin in serum was evaluated. For these studies, 
control and high bilirubin serums that had dried onto ϐilter 
paper were cut in half; one half was exposed to sunlight 
and the other half was covered and placed alongside the 
experimental group. As demonstrated, the UV visualization 
of bilirubin was markedly reduced following even a relatively 
short exposure to natural light, for only four hours (Figure 6).
These data document that bilirubin in dried serum stains 
is light-sensitive, similar to what has been established for 
bilirubin circulating in (whole) blood [1,3].  

Discussion
The current study has evaluated the identiϐication of dried 

blood serum containing elevated levels of bilirubin using both 
visible light and UV 365. The hypothesis that alternative light 
sources (UV 365) are effective in distinguishing serum stains 
containing enhanced levels of bilirubin was veriϐied. This 
analysis may be useful in the initial evaluation of a crime scene 
where the victim is known or suspected to have a condition 

Figure 4: The appearance of serum containing elevated levels of unconjugated 
or conjugated bilirubin on glass. Samples containing increasing amounts of 
unconjugated (A) or conjugated (B) bilirubin were added to glass microscope slides 
and after drying, evaluated under a stereomicroscope using visible (normal) light 
or UV 365 (system 1).

Figure 3: The appearance of serum containing elevated levels of unconjugated 
or conjugated bilirubin on a metal knife blade. Samples containing increasing 
amounts of unconjugated (A) or conjugated (B) bilirubin were added to a metal 
knife blade and after drying, evaluated under a stereomicroscope using visible 
(normal) light or UV 365 (system 1).

depending on the type of substance examined. Normal serum 
and elevated bilirubin samples were easily distinguished 
from each other on nitrile gloves and a plastic Ziploc bag 
(Figure 5A). With certain linens, control serum was somewhat 
difϐicult to detect under UV 365, whereas serum with elevated 
bilirubin was readily detectable (Figure 5B, Type 1). For other 
linens, both control and elevated bilirubin serum samples 
were difϐicult to visualize (Figures 5B and 5C, Types 2 and 4, 
respectively), as were serum samples on white cotton (Figure 
5D). In contrast, the whitish ϐluorescence of normal serum and 
shift to greenish/yellow ϐluorescence with increased bilirubin 
were easily visible on Type 3 linen and a white leather walking 
shoe (Figures 5C and 5D, respectively). 

Figure 5: Detection of serum containing elevated levels of bilirubin on various 
objects.  Approximately 5 μL of serum containing normal (Control, Ctrl) or elevated 
amounts of unconjugated bilirubin (10 mg/dL), (+ Bili), were added to various 
articles and after drying, evaluated under a stereomicroscope using visible light 
(VL) or UV 365 (system 1).

Figure 6: Eff ect of sunlight exposure on bilirubin UV fl uorescence.  Serum containing 
normal (Control, Ctrl) or elevated amounts of unconjugated or conjugated bilirubin 
(10 mg/dL) was added to fi lter paper and dried.  Samples were cut in half, with one 
half exposed to direct sunlight for ~ 4 hours; the other half was covered and placed 
next to the experimental group.  For photography, samples were placed alongside 
each other and evaluated under UV 365 (system 1).
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resulting in elevated bilirubin levels. As demonstrated, serum 
with elevated bilirubin was apparent on certain materials 
even under visible light, having a greenish/yellow appearance 
relative to normal serum. This is signiϐicant as dried blood 
serum on many substrates is relatively invisible under visible 
light [15,16]. For some materials, such as certain linens and 
white cotton, detection of blood serum with UV 365 was 
difϐicult, due to a high ϐluorescent background of the textile 
onto which the serum had dried. Although UV ϐluorescence 
was not particularly useful with serum detection on white 
cotton, the greenish/yellow tint of elevated bilirubin was 
apparent even under visible light. For other materials, 
including certain fabrics, nitrile gloves, and plastic Ziploc bags, 
control serum was effectively visualized with UV and elevated 
bilirubin was readily distinguished by increased greenish/
yellow ϐluorescence. Similarly, dried blood droplets from both 
groups looked relatively similar under visible light but showed 
distinct differences under UV. If dried blood or cast-off serum 
containing elevated bilirubin were found on the belongings of 
a suspect, for example inside of a vehicle (carpet, dashboard, 
interior trunk latch) and the victim was known to suffer from 
liver failure or had undergone severe physical trauma, it 
would be more difϐicult to explain away as the suspect’s own, 
if the suspect’s bilirubin levels were normal. As shown in these 
studies, even very small volumes of blood or serum (5 μL - 10 μL)
 can be effectively and non-destructively detected using this 
method. Conϐirmation that serum was indeed present would, 
of course, require further testing, similar to evaluation for the 
presence of semen or saliva. The bilirubin levels used in these 
studies fall within the range reported in certain conditions, 
even below what has been described in more severe cases 
[6-14]. Hyperbilirubinemia is often a concern for newborns, 
due to the liver not having a full function at birth. In cases of 
infant homicide where blood traces are present, detection 
of elevated bilirubin levels in dried blood or serum could 
provide important presumptive information in the initial 
stages of the investigation. Future efforts may involve pilot 
studies evaluating samples from patients at various stages of 
the disease to expand the current ϐindings.

Finally, the proposal that bilirubin in dried serum stains is 
photosensitive was veriϐied in these studies, similar to what is 
known for bilirubin circulating in the bloodstream in vivo and 
in isolated serum samples. Thus, in cases where dried blood 
or serum has been exposed to direct sunlight, this method is 
not likely to be very useful. It was noted during these studies, 
however, that dried serum stains or dried blood drops 
containing elevated bilirubin could be exposed to indirect 
indoor (ceiling) lighting without any noticeable decline in UV 
ϐluorescence, even over several months. 

In summary, the current study describes a simple, sensitive 
and nondestructive method for the detection of elevated 
bilirubin levels in blood serum.
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