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Abstract: This article investigates the ability of luminol to detect 
bloodstains that have been exposed to fire, heat, soot, and water. Blood 
applied to drywall, appliance sheet metal, glazed tile, carpet, and 
wood was exposed to f ire, followed by typical f iref ighter extinguish-
ment. The results show that bloodstains on some surfaces that have 
been exposed to heat, f ire, soot, or water may produce false negatives 
when tested with luminol.

Introduction
Previous research discusses the effects of heat on various 

surfaces to which blood is set [1, 2]. Heat contributes to the 
decomposition of blood. Other effects of f ire, such as wind, 
smoke, or direct f lame, may alter the boiling point of the 
blood [2]. In a study done by Brady et al. [1], blood that was 
subjected to high temperatures in a controlled environment 
showed a color change lighter than blood that was exposed 
to room temperatures [1]. This disagreed with the research of 
Kell et al. [2], who found that in a f ire, bloodstains faded, but 
remained a normal brown color.
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In previous studies [4–7], chemical enhancements, such as 
luminol, were tested to detect blood. However, an understanding 
of how these chemicals work to detect blood in soot-removed 
conditions was needed. This was necessary because f ire may 
add debris to bloodstains, possibly making it more diff icult 
for chemical enhancements to penetrate through to the stain. 
Bremmer et al. [8] attempted to f ind a new way of visualiz-
ing bloodstains without the use of chemicals. “Ref lectance 
measurements were taken with a combination of a spectrograph 
(USB 4000; Ocean Optics, Duiven, the Netherlands), a tungsten-
halogen light source (H-2000; Ocean Optics), and a noncontact 
probe (QR400-7-UV/BX; Ocean Optics)” [8]. This method was 
not highly useful because of the cost of the machinery. The 
typical chemicals (luminol and Bluestar ) were effective in 
detecting small amounts of hemoglobin in blood [4]. Therefore, 
it was unnecessary to incorporate a new technique for forensic 
purposes, which worked equally as well, but was more expen-
sive. Seashols et al. [6] compared hemascein to luminol to detect 
blood. Hemascein was found to yield poor results on common 
surfaces such as wood [6]. 

Two previous studies showed the effectiveness of retrieving 
and viewing blood evidence directly after being exposed to a 
fire [3, 7]. Both studies set a controlled fire and had firefighting 
personnel extinguish it [3, 7]. The resembled real-life efforts and 
the water damage that was done to the blood evidence provided 
real-life applications to the data. Kell et al. [3] used multiple 
patterns to compare different objects and surfaces. They noted all 
blood spatters were still visible; only their color and texture had 
changed [3]. One limitation of Kell et al.’s study was the length 
of time the structure burned–roughly 5 minutes. The blood was 
exposed to a lot of smoke and very high temperatures (900 °F), 
but the f ire itself was not allowed to burn extensively [3]. 
The second experiment was done by Tontarski et al. [7], who 
constructed a small apartment. Blood was spattered through-
out the set and the apartment was burned for 45 minutes until 
f lashover conditions were reached. Firefighters extinguished 
the f lames, and the samples were tested for the visibility of the 
blood and for DNA recovery. The use of luminol and Bluestar 
was successful in revealing missing stains (those that had disap-
peared because of the fire). Tontarski et al.’s study had a variety 
of surfaces for blood placement. 
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Overall, research on effective collection of blood evidence for 
arson cases was lacking, and although a limited number of studies 
demonstrated the effects of high heat on bloodstains [1, 2], there 
were only two that incorporated a live fire [7, 10]. Research has 
been done to prove which chemicals were best for identifying 
invisible stains [4]. However, only one tested these chemicals 
against burned bloodstains [5].

Research Questions
The objective of this study was to test the effect of luminol 

on bloodstains after exposure to f ire and heat by testing for 
chemiluminescence on various surfaces. It was expected that 
blood evidence would be visible after soot was removed from the 
sample using the conventional method of a small brush [9] and 
that luminol would be effective in identifying the bloodstains 
through chemiluminescence [6]. Referencing the bloodstains’ 
physical appearance, the pattern or outline of the stain was 
expected to remain unchanged [2], and the color would not be 
affected aside from a natural darkening when dried [1, 3]. Most 
importantly, it was hypothesized that the collection of blood 
evidence would still be deemed useful for the investigation of 
arson (especially considering the potential for evidence destruc-
tion [3, 7]). Therefore, the following research questions and null 
hypotheses were investigated:

 ResQ1: Does fire or heat affect the chemiluminescence of 
luminol applied to blood on glazed wall tile?

 (H01) Fire or heat does not affect the chemiluminescence 
of luminol when applied to blood on glazed wall tile and 
there is no difference caused by fire or heat.

 ResQ2: Does fire or heat affect the chemiluminescence of 
luminol applied to blood on oak trim?

 (H02) Fire or heat does not affect the chemiluminescence 
of luminol when applied to blood on oak trim and there is 
no difference caused by fire or heat.

 ResQ3: Does fire or heat affect the chemiluminescence of 
luminol applied to blood on carpeting?
(H03) Fire or heat does not affect the chemiluminescence 
of luminol when applied to blood on carpet and there is no 
difference caused by fire or heat.

 ResQ4: Does fire or heat affect the chemiluminescence of 
luminol applied to blood on ceramic tile?
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(H04) Fire or heat does not affect the chemiluminescence 
of luminol when applied to blood on ceramic tile and there 
is no difference caused by fire or heat.
ResQ5: Does f ire or heat and height affect the 
chemiluminescence of luminol applied to blood on ceramic 
tile?
(H05) Fire or heat does not affect the chemiluminescence 
of luminol when applied to blood on ceramic tile and there 
is no difference caused by fire or heat and height.

 ResQ6: Does fire or heat affect the chemiluminescence of 
luminol applied to blood on wooden floor laminate?
(H06) Fire or heat does not affect the chemiluminescence of 
luminol when applied to blood on wooden floor laminate 
and there is no difference caused by fire or heat.
ResQ7: Does fire or heat affect the chemiluminescence of 
luminol applied to blood on drywall?
(H07) Fire or heat does not affect the chemiluminescence 
of luminol when applied to blood on drywall and there is 
no difference caused by fire or heat.
ResQ8: Does f ire or heat and height affect the 
chemiluminescence of luminol applied to blood on drywall?
(H08) Fire or heat does not affect the chemiluminescence 
of luminol when applied to blood on  drywall and there is 
no difference caused by heat and height.

 ResQ9: Does fire or heat affect the chemiluminescence of 
luminol applied to blood on appliance metal?

 (H09) Fire or heat does not affect the chemiluminescence 
of luminol when applied to appliance metal and there is no 
difference caused by fire or heat.

Materials and Methods

Sample Collection and Support Construction
Surface samples were purchased from a local home improve-

ment store. Structures were built using untreated pine 2" x 4" 
boards to hold samples at various heights. Structure 1 (Figure 1a) 
held seven samples of 4" x 4" glazed wall tiles (Color: VT10, 
Shape: 44HC1P4, Shade: 55501) at a height of 3' and seven 3" x 6" 
samples of pref inished golden oak trim (Base 18– 7/16"x 2") 
stained with Minwax Golden Oak 210B (417-1021) at a height  
of 2' 8". These samples were secured with a screw at the top 
center of the sample.
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On the ground were two untreated pine 2" x 4" boards and 
two untreated pine 2" x 8" boards (Figure 1b) holding seven 
6" x 6" carpet samples (Bridle Path, 12" nominal width– 
National–774-5116) stapled to the board, seven 6" x 6" ceramic 
tiles (Sanborn, wheat, 735-0702, 0710), seven 3" x 6"samples 
hickory natural stai r nose (Great Lakes Wood Floor ing, 
3/4" x 48"– SKU: 742-2509–Color No: 16034), and seven 3" x 6" 
samples of wood laminate (Alloc Precision Flooring, 4243-SG). 
All samples on the ground, excluding the carpet, were secured 
with a screw at the top center of the sample. The carpet samples 
were stapled on all four sides to the support.

Structure 2, built of untreated pine 2" x 4" boards (Figure 1c) 
held ten 6" x 6" ceramic tiles (Sandborn, wheat, 735-0702, 
0710) at a height of 7', a 8" x 4' gypsum wallboard handi-panel 
(5/8" thickness–131-1060) plank painted with interior paint 
(Behr Premium Plus Base, 2050,  Interior eggshell enamel, 
100% acrylic, mildew resistant f inish) at 6', seven 6" x 6" 
ceramic tiles (Sanborn, wheat, 735-0702, 0710), 3' 5", two 8" 
x 4' gypsum wallboard handi-panel (5/8" thickness–131-1060) 
planks painted at 2' 10", and one 8' x 4’ gypsum wallboard handi-
panel (5/8" thickness–131-1060) plank painted with interior paint 
placed at ground level. All tile samples on Structure 2 were 
secured with a screw at the top center of the sample. The drywall 
planks were secured with screws underneath the tile boards at 
all four corners.

Two painted washing machine metal housings, one of which 
is shown in Figure 1d, were obtained from a local source. The 
housings were secured onto 2"x 4" boards to emulate the vertical 
surface of a washing machine.

Bloodstain Samples
Swine blood (from a local butcher) was collected in 10 mL 

vacutainer vials. The vials contained sodium-heparin to prevent 
clotting. On the same day that it was collected, the blood was 
spattered on various surfaces to replicate bloodstains normally 
found at a crime scene. The patterns that were created through-
out the samples included cast-off (from approximately 4' away 
using a Chicago Cutlery knife), gravitational drops (using an 
autopipette from a height of 34 ½"), handprint transfer, footprint 
transfer (using a Nike size 9 tennis shoe), and one blood pool 
(formed by drips from a height of 34 ½"). Each sample was 
documented and left to dry overnight in the laboratory at 64 °F 
and 48 to 49% humidity. Before burning the samples, all samples 
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 (a)  (b)

 (c)  (d)
Figure 1

Blood application. (a) Structure 1 with wood and ceramic; (b) ground level 
samples; (c) Structure 2 with drywall and ceramic tiles; (d) washing machine 

structure.
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were dry; however, some blood on the stair nose pieces did not 
adhere well to these samples.

The day after blood application, each frame and board was 
placed in the southwest corner of the local f ire department’s 
training center to burn (Figure 2).

Fire
The source of the f ire consisted of wood pallets, shredded 

paper, and two furniture seat cushions (Figure 3). The materials 
were ignited by firefighting personnel with a handheld propane 
torch. Beginning three minutes later, temperature readings were 
taken using a thermal imaging camera by the trained firefighters 
through an opening in the access door to the burn room. Seven 
minutes after ignition, the tall support structure began to burn 
at which time fire suppression was initiated. The firefighting 
efforts were aimed at the fire through the opposing door to avoid 
washing the samples directly. The fire was extinguished in two 
minutes. After cooling down, the samples were removed and 
transported to the laboratory for processing. During the removal 
process, samples 6 (glazed wall tile) and 45 (ceramic tile) fell off 
the support and were retained for testing. As the drywall board, 
at the 6' level, was removed, it snapped into two pieces. The 
shorter side contained the cast-off blood pattern. The longer half 
contained the handprint transfer and control samples. The carpet 
samples curled; however, the stains were still visible. Smoke 
accumulation in the burn room resulted in the deposition of soot 
on all samples more than 2' above the f loor level (Figure 4).

Figure 2
Set-up of burn room before ignition.
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Figure 3
Source of the fire being ignited.

Figure 4
Photograph showing the soot covered down to about 2 feet. 
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Chemical Enhancement
Fresh working luminol solution was prepared using a 1:1:1:7 

ratio of 0.4 mL sodium hydroxide, 0.176 mL hydrogen peroxide, 
0.004 mL luminol [Sigma-Aldrich (97%), CAS #521-31-3], and 
water, respectively. Each sample that was covered in soot was 
brushed using a Sonia Kashuk duo-fiber fan brush to remove 
the soot while preserving the blood evidence. The solution 
was sprayed on each sample using a spray bottle. If the sample 
chemiluminesced, it was documented as a positive reaction. The 
foam board that was used as a dark background on the table 
was wiped down after each sample to avoid contamination. All 
samples were photographed before and after luminol treatment, 
shot on a tripod using a Canon EOS 70D SLR F/14 (150, 3200, 
18-135@74 mm) with a length of exposure of 8 seconds. Samples
with soot were photographed before and after soot removal as
well as during luminol application. Photographs of the luminol
attempts were taken in a completely dark setting to avoid light
contamination.

Results 

Burn Results
The tiles, drywall, and wood trim at the medium and high 

heights sustained the most damage from the fire. These samples 
were all charred and only the tiles were able to be brushed to 
remove the soot. The highest temperature reached during the fire 
was 863 °F, measured at the ceiling 4 minutes into the fire using 
a Drager thermal detector (UCF 6000) (Table 1). The smoke 
banked down to roughly 2' off the ground by the time the fire 
was extinguished (approximately 7 minutes after the f ire was 
started). Bloodstain patterns could slightly be made out through 
the soot after the f ire. Those samples without soot could still 
be seen clearly.

Level Lowest 
Temperature

Highest 
Temperature

High 370 ° 863 °F
Medium 250 °F 730 °F

Low 138 °F 447 °F

Table 1
Maximum and minimum temperatures recorded.
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Luminol Results
All samples were sprayed with luminol and photographed for 

reaction results. Samples on the ground included carpet, stair 
nose, wood laminate, ceramic tile, and drywall. These samples 
reached a maximum temperature of 447 °F and none were 
covered in soot. Of the six samples of wood laminate, f ive had 
a positive reaction with the luminol, meaning that they chemi-
luminesced. The same numbers were found with the stair nose 
and carpet samples. All six of the ground-level ceramic tiles 
yielded positive luminol results (Figure 5). All control samples 
were tested and yielded a negative response with the exception 
of the drilled hole of the ceramic control tile, which chemilu-
minesced. Both bloodstain patterns on the ground-level drywall 
chemiluminesced. 

Samples at the midheight of about 3' included glazed tiles, 
wood trim, ceramic tiles, drywall, and the metal dryer sheets. 
All of the samples, except for wood trim, were brushed to remove 
soot, and all were negative in reaction with the luminol, as seen 
with the blood applied to the appliance metal (Figure 6a and 6c). 
Figures 6b and 6d ref lect the lack of chemiluminescence upon 
application of luminol to the blood.

Samples at the high height of 7' included both ceramic tiles 
and drywall. The tile samples were brushed to remove soot and 
were negative in regard to luminol. The drywall was bubbled and 
f laking, so no attempt to remove soot was made. The drywall 
had a negative result to luminol (Figure 7).

 (a)  (b)
Figure 5

Example of ground-level ceramic tile shoe print after the burn (a) as well as 
after the luminol application (b).



Journal of Forensic Identification
448 / 68 (3), 2018

 (a)  (b)

 (c)  (d)
Figure 6

Photographs of mid-height samples after the burn (a, c) as well as after 
luminol application (b, d). The drywall shown in Figure 6 (a) is representative 

of all the drywall samples on this structure in that all six samples yielded 
negative luminol results, as did the appliance sheet metal 6 (c). This yield for 

6 (c) is shown in Figure 6 (d).

 (a)  (b) 
Figure 7

Photographs of the high height drywall samples after the burn (a) as well as 
after luminol application (b). Both samples yielded negative results.
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Discussion
Research Question 1 addressed the chemiluminescence of 

luminol on the surface of glazed wall tile and whether heat 
affected the chemical’s ability to detect bloodstains. The glazed 
wall tile was aff ixed at a height of approximately 3' from the 
ground. The stains were brushed to remove soot and treated with 
luminol. The luminol did not chemiluminesce. Therefore, the 
null hypothesis (H01) was rejected. A conclusion was reached 
that heat or fire prevented blood detection by luminol.

Research Question 2 addressed the chemiluminescence of 
luminol on oak trim and whether heat affected the chemical’s 
ability to detect bloodstains. The oak trim was affixed at a burn 
height of approximately 2' 8" from the ground. After the burn, 
the stains were not brushed to remove soot because the grains 
likely would ruin any attempt to retrieve the bloodstain pattern. 
The bloodstains were treated with luminol. The luminol did 
not chemiluminesce. Therefore, the null hypothesis (H02) was 
rejected. A conclusion was reached that heat or f ire prevented 
blood detection by luminol.

Research Question 3 addressed the chemiluminescence of 
luminol on carpeting and whether heat affected the chemical’s 
ability to detect bloodstains. The carpet was placed at ground 
level. After the burn, there did not appear to be any soot on the 
carpet. The carpet curled into a semiroll and became brittle. The 
bloodstains were treated with luminol. The luminol did cause a 
chemiluminesce reaction in five of the six samples. Therefore, 
the null hypothesis (H03) was retained; a conclusion was made 
that fire or heat did not affect luminol’s ability to react with the 
blood.

Research Question 4 addressed the chemiluminescence of 
luminol on ceramic tile (different from glazed tile studied in 
Question 1) and whether heat affected the chemical’s ability 
to detect bloodstains. Ceramic tile was placed at burn heights 
at three different levels: ground level, 3' 6", and 7'. After the 
burn, the stains were brushed to remove soot and treated with 
luminol. The luminol chemiluminesced at the ground level. The 
luminol did not luminesce at the other levels. Therefore, the null 
hypothesis (H04) was rejected. A conclusion was reached that 
heat or f ire prevented blood detection by luminol. It is impor-
tant to note that the blood at ground level was exposed to a 
maximum of 447 °F, whereas the other levels reached tempera-
tures of 730 °F and 863 °F, respectively. Naturally, this leads to 
providing an answer for Research Question 5: Does height matter 
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when attempting to recover blood evidence using luminol? In 
this instance, the null hypothesis (H05) was retained. The exact 
temperature that changes or damages blood was not determined, 
although an inference can be made that temperatures exceeding 
447 °F become suspect.

Research Question 6 addressed the chemiluminescenced 
of luminol with blood on wood f loor laminate and whether 
heat affected the chemical’s ability to detect bloodstains. The 
laminate was placed at the f loor level and when recovered, 
showed little signs of heat or soot damage. After the burn, the 
bloodstains were treated with luminol. The luminol chemilu-
minesced. Therefore, the null hypothesis (H06) was retained; a 
conclusion was reached that heat or f ire did not prevent blood 
detection by luminol.

Drywall was placed at differing levels in the burn area. It 
was placed at the f loor level, 2' 10", and 6'. Research Question 7 
looked to determine whether heat or fire prevented the luminol 
from reacting with the blood, and a presumptive answer is yes. 
Research Question 8 asked whether height played a difference in 
eliciting a response, and again, we answered yes. After the burn, 
the ground-level stains were not brushed because no interfering 
soot levels were noted. The 2' 10" -level sheets of drywall were 
brushed to reveal the bloodstain under the soot. The drywall 
placed at 7' was not brushed because the surface was extensively 
damaged by the f ire and heat. The bloodstains were treated 
with luminol. A positive reaction was recorded for the stains 
applied to the ground-level drywall, and negative reactions were 
recorded for the others. Fire, heat, and height were found to be 
contributing factors. Therefore, we presumptively found that 
f ire and heat did affect luminol’s ability to react with blood 
even though we received ground-level positive results. Because 
we had a surface reaction to the blood, we retained the null 
hypothesis (H07). Further, we rejected the null hypothesis (H08) 
of Research Question 8, f inding that height was a factor as an 
effect of greater heat within the confined area.

Research Question 9 addressed the chemiluminescence of 
luminol on appliance metal and whether heat affected the chemi-
cal’s ability to detect bloodstains. The appliance metal sat on 
the ground and was about 3' tall. The stains were brushed to 
remove soot and treated with luminol.The luminol did not chemi-
luminesce. Therefore, the null hypothesis (H09) was rejected. A 
conclusion was reached that heat or fire prevented blood detec-
tion by luminol.
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Overall, an unexpected result was that most bloodstains could 
still be visualized after the f ire. This supports the previous 
research of Kell et al. [3] Yet, a lot of samples yielded negative 
results from the luminol, which contradicts the f indings of 
Tontarski et al. [7] Bloodstains may be recognizable after a fire, 
but presumptive f ield tests to prove the stain is indeed blood 
(e.g., luminol) may not always work. The higher the bloodstain 
was located in relationship to the f loor, the less likely it was to 
react to the luminol. The bloodstains were more clearly seen 
after soot was brushed away, but the evidence still should not be 
disregarded because of a negative reaction to luminol.

All samples that were not covered with soot chemilumi-
nesced, except the metal dryer sheets. The appliance sheet metal 
did not have a positive reaction to the luminol. This disagrees 
with the stovetop sample in the analysis by Tontarski et al. [7] 
The soot on the appliance sheet metal could not be brushed off 
and so one limitation to this study may have been the lack of 
another method of soot removal before testing this sample.

The most signif icant f indings from the luminol tests were 
from the ceramic and glazed tiles at the medium and high 
heights. These tiles were covered in soot; when brushed away, the 
bloodstains could easily be interpreted. However, when luminol 
was applied to each tile, no chemiluminescence was observed, 
confirming the negative luminol results in one of the key studies 
looked at previously, in which a ceramic plate did not chemilu-
minesce on a bookshelf [7]. We believe that the glaze or finish on 
each tile melted at such a high temperature and then re-hardened 
over the bloodstains because we were able to directly see this 
effect. This effect was not noticed on the ground-level tiles, 
which chemiluminesced; however, they reached a significantly 
lower maximum temperature. A second explanation would be 
that a chemical in the top-coat of the tile may have masked the 
iron in the blood because of a chemical reaction. An example of 
this occurring was modeled in Bancirova’s study where black 
and green tea mixed with a bloodstain decreased the chemilu-
minescence after exposure to luminol. The melted top-coat on 
our tile samples may have had the same effect in creating a false 
negative [10].

The samples on the ground were all posit ive. Perhaps 
evidence can be collected where minimal smoke and heat occur. 
Anywhere above these samples, the smoke had banked down 
onto the samples and they had reached heats of up to 863 °F 
(Table 1). These samples all yielded negative results.
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The carpet samples chemiluminesced when exposed to the 
luminol, which is a new contribution to the scientific community 
when comparing the results of Tontarski et al.’s study where 
the carpet did not yield positive results [7]. This may have 
been because our carpet samples were stapled vertically to a 
2" x 8" board that prevented the samples from absorbing large 
amounts of water from firefighting efforts. The samples were not 
installed onto the f loor as real f looring would be. The smaller 
pieces curled up on the edges, possibly providing protection 
from the fire and firefighting efforts as well.

Lastly, drywall chemiluminesced when not burned by the 
heat and smoke. The samples above ground were charred and 
the paint was f laky. The ground sample that yielded a positive 
luminol result confirms results shown by Tontarski et al.’s study 
regarding painted drywall [7].

Conclusions
Many forensic services require a presumptive test on prospec-

tive bloodstains before collecting evidence or DNA samples. 
This research has shown that presumptive tests may not yield 
the correct analysis, as in a false negative. These findings may 
help investigators take note of potential evidence that would 
otherwise be disregarded when it comes to stains believed to be 
blood that do not test as such.

Further studies should be done to test presumptive tests other 
than luminol (e.g., a Hemastixtest strip that does not dilute the 
blood sample) on blood samples at higher heights and with soot 
contamination. Studies should also be done to replicate the burn 
in this study, because time and resources allowed for only one 
trial burn.

For further information, please contact:
Lee C. Bushong
Florida A&M University
1628 S. Martin Luther King Jr. 
412B Perry-Paige
Tallahassee, FL 32307
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