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Sammanfattning 
 

                               The aim of this study was to validate the two presumptive blood tests LMG, LCV and the three visualising blood methods 

Bluestar Forensics, Lumiscene and the Ruhoff method. The methods’ sensitivity, durability, matrices effects, false positive 

results and the methods effect on subsequent DNA analysis were studied. DNA analyses were also performed to assess the 
detection limit of the forensic DNA analysis. Drops of diluted blood were applied on different absorptive matrices and the 

sensitivity was investigated. The solutions were also placed under different conditions to investigate the durability of the 

solutions. The solutions were applied upon panels using different chemicals and materials and the false positive results were 
studied. The DNA analyses were performed by diluting the blood with Bluestar Forensics, the hydrogen peroxide method, the 

Ruhoff method and deionised water. The study showed that the LMG with a 3 % H2O2 concentration performs the best and it is 

suited for practical casework. The positive results of LMG was easier to interpret than those of LCV, this is probably due to the 
fixative agent of the used LCV solution. Bluestar Forensics and Lumiscene did perform similar on the different matrices tested, 

but the Lumiscene solution had a slightly higher durability. The results strongly indicate that the Ruhoff method can be used 
without luminol, hence only as a hydrogen peroxide solution (the hydrogen peroxide method). All three visualising blood 

methods decreases chances of retrieving a positive DNA profile, however the visualising blood methods could be used if the 

blood cannot be found in any other way. A DNA profile was obtained from the one blood sample analysed at dilution of 1:256 

in deionized water. 
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1 Summary 

The five methods LMG, LCV, Bluestar Forensics, Lumiscene and the 

Ruhoff method were investigated regarding their sensitivity, matrices 

effects, durability and false positive results. Bluestar Forensics’s, the 

hydrogen peroxide method’s and the Ruhoff method’s effect on human 

DNA were investigated with identical blood dilutions. The detection limit 

of human DNA was likewise investigated. An overall sensitivity of 

1:4096 – 1:8192 was shown for LMG and LCV when using filter papers 

and swabs. LCV performed better as a two-step solution and performed 

with a higher durability compared to LCV one-step. The sensitivity was 

dramatically decreased when using only a filter paper on fabric and 

wood. Therefore, should a piece of fabric and wood be cut out and then 

applying the solution. LMG showed a higher selectivity however. For 

conclusion, LMG should be used with a 3 % H2O2 concentration. Bluestar 

Forensics and Lumiscene showed of an overall sensitivity of 1:32 768, 

but the durability for both methods was 1:16 384. Lumiscene performed 

with a higher selectivity, especially regarding the metals. Ruhoff method 

can be used without luminol and does therefore only contain hydrogen 

peroxide (the hydrogen peroxide method). The Ruhoff method and the 

hydrogen peroxide method performed with a nearly identical durability, a 

sensitivity of 1:128 and a high stability and selectivity were shown. Only 

the hydrogen peroxide method should be used, but both methods 

degrades DNA and a DNA profile can only be obtained at the blood 

dilution of 1:32. The detection limit of human DNA is around 1:256 with 

the Chelex method. 

2 Introduction 

Methods that is used within the Swedish Police must undergo a quality 

assurance in both casework at the crime scene investigations and in the 

laboratories. Therefore, five methods; Leuko-crystal violet (LCV), 

Leucomalachite green (LMG), the Ruhoff method, Lumiscene and 

Bluestar Forensics were chosen for an evaluation. Methods that were 

suitable for the intended forensic use will be validated and introduced to 

the Swedish Police Authority, thus for both crime scene investigations 

and for laboratory work. This will contribute both to crime prevention 

and crime clearance. 

2.1 Presumptive blood tests 

Leucomalachite green (LMG) and leuko-crystal violet (LCV) are widely 

used for presumptive testing in casework at crime scene investigations 

and in the laboratories. A presumptive test will indicate if a biological 

substance such as blood is present in a stain found. In this case, is the 
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stain found at a crime scene is blood or not [1]. If proven to be positive, 

the presumptive test indicates of a presence of blood and the tested 

sample can undergo further investigation. But the stains found must look 

like blood, a positive reaction must be observed when applying LMG or 

LCV on the stain and it must be possible to obtain a DNA profile from 

the stain found [1]. LMG and LCV are two presumptive tests which will 

introduce a colourshift that can be observed by the naked eye when 

applied on a blood stain. LMG will shift to green-blue, whereas LCV will 

shift to purple-violet if exposed to blood [1]. 

LMG is colourless when first applied on to the stain. However, when 

H2O2 is dropped on to the stain (or rather a small sample collected from 

the stain), LMG will almost immediately shift to green-blue. The 

colourshift is due to an oxidation of LMG which is catalysed by the heme 

group present in hemoglobin [1]. Because LMG is first applied, and then 

H2O2, it is often called a two-step solution [1]. LCV works by the same 

principle as LMG. A reaction between H2O2 and LCV will be catalysed 

by a heme group and result in a colourshift [1]. LCV can be used as a 

single solution (one-step) or as a two-step solution. The solutions of 

LMG and LCV will nevertheless slowly shift colour regardless if blood is 

present or not when a longer period of time has passed after the solution 

has been applied. This colourshift is probably due to oxygen in the air 

causing an oxidation of LMG and LCV [1]. 

At NFC (Swedish National Forensic Centre) the H2O2 concentration for 

LMG is by tradition 10 %, but no scientific sources found can support 

this to be a concentration with optimal performance. Instead, scientific 

sources rather suggest a concentration of 3 % [2, 3]. 

False positive results can be obtained when using presumptive tests, due 

to different surfaces and substances. Examples of this are strong 

oxidisers, for example sodium hypochlorite, as well as substances that 

can replace the catalytic properties of hemoglobin and give false positive 

reactions. Examples of substances that can catalyse false positive 

reactions are peroxidases or metals [1]. The sensitivity for blood 

presumptive tests, like LMG and LCV, has previously been found to be 

in the range of 1:1000 to 1: 10 000 [1, 4]. LMG is used for more than 

twenty years by NFC and the solutions applied in everyday casework is 

replaced every two weeks, if not consumed within this timeframe. The 

performance of the solutions when stored for several weeks when applied 

on whole blood has been investigated in previously studies. However, no 

studies on how the sensitivity is affected if the solutions are stored under 

the different conditions. 
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2.2 Visualisation blood methods 

2.2.1 Luminol 

Luminol based methods is one of the older methods used to visualise 

blood at a cleaned crime scene [5]. The method is also used to look for 

blood stains on surfaces which may be coloured, patterned or having 

other factors which makes it difficult to detect the stains. Hemoglobin 

will, when present, together with H2O2 oxidise luminol and 

chemiluminescence will emerge [6]. The solution needs to be applied as a 

thin aerosol and in darkness, otherwise you will not be able to detect the 

chemiluminescence [1,6,7]. The chemiluminescence of the luminol based 

methods often uses H2O2 as the oxidative agent like the presumptive tests 

described above. A problem to consider is that H2O2 degrades DNA 

which is of interest in further investigations (for example DNA profiling). 

2.2.2 Fluorescein  

Another substance used to visualise blood is fluorescein. Hemoglobin 

will oxidise fluorescein in the presence of H2O2. But for fluorescein to 

react to a light source, the wavelength of 425 - 485 nm [8] is needed to 

excite the molecule, whereby in darkness, the fluorescence can be 

observed with yellow filter googles [8].  

2.2.3 Bluestar Forensics 

Bluestar Forensics is a widely used method in both laboratory and crime 

scene operations. Bluestar Forensics is a luminol based method to 

visualise blood using blue-white chemiluminescence. The H2O2 reacts 

with luminol through a hemoglobin catalysed reaction [1]. Bluestar 

Forensics is obtained as an easy to use kit with two tablets, which are 

simply mixed with deionised water [9]. The solution will then contain 

approximately 3 % of H2O2. The solution can later be used to spray on 

surfaces on which supposed blood stains can be located. Typical for 

Bluestar Forensics is the high level of false positive results due to 

reactions instigated by different soils, metals, cleansers and vegetables 

[1]. Bluestar Forensics has a sensitivity of approximately 1: 10 000, 

nevertheless has blood dilutions down to 1:1 000 000 showed positive 

results under laboratory conditions [1]. According to the manufacturer the 

solution has a durability of three hours in room temperature [9]. 

2.2.4 Lumiscene  

Lumiscene is a presumptive test that contains both luminol and 

fluorescein, in contrast to Bluestar Forensics which only contains 
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luminol. The kit is relatively new on the market. The kit for Lumiscene 

includes a bottle and four tablets [10].  

According to the manufacturer there are three good aspects due to the 

combination of luminol and fluorescein. Firstly, it emits a green/blue 

light around 525 nm which is optimal for human night vision. Secondly, 

the fluorescein enhances the chemiluminescence [10]. Thirdly, the 

solution of Lumiscene contains, according to the manufacturer, 0.12 % of 

H2O2, and therefore does not degrade DNA as much as Bluestar Forensics 

[10]. The solution has according to the manufacturer, a durability limited 

to four hours in room temperature [10]. 

2.2.5 The Ruhoff method and the hydrogen peroxide method 

The Ruhoff method needs to be validated correspondingly. The method is 

mainly used to visualise blood stains by mixing luminol and higher 

concentrations of H2O2 (around 4 %) whereupon a white foam can be 

observed when applied to blood stains. 

No comprehensive documented studies of these methods fundamental 

characteristics can be found in scientific literature. The Ruhoff method 

can also be used without luminol, and in this study the same hydrogen 

concentration (4 %) as in the Ruhoff methods was investigated and is 

called “the hydrogen peroxide method” in this study. The advantage of 

these two methods is that the solutions can be applied in daylight and a 

positive reaction can still be visualised. 

2.3 Aim of this study 

This study will compare the five different methods described above and 

validate the methods that are suitable for use within the Swedish police. 

This study will also investigate the different sensitivities of the methods, 

the effects of different matrices using identical blood dilutions. The 

selectivity of the methods will be investigated likewise.  

The detection level of DNA will also be investigated in parallel. An 

additional DNA analysis will be performed regarding Bluestar Forensics, 

Ruhoff method and hydrogen peroxide method to investigate the effects 

the solutions has on human DNA. 



 10 

3 Materials and methods 

3.1.1 Blood and dilution series 

The blood used for this study came from one donor, collected at one 

occasion. All equipment used to dilute, store and handle the blood were 

sterile. The blood was diluted with deionised water and divided into 

aliquots in microfuge tubes. The aliquots of blood which were not used 

were stored in a freezer (- 24 ºC). The blood was diluted according to 

figure 1. 

 

 

 

Figure 1: The dilution series used to study and compare Ruhoff method, the presumptive tests 

LMG and LCV, Bluestar Forensics and Lumiscene. 

3.2 Preparation of the solutions 

3.2.1 LMG solution 

The LMG solution was prepared by adding 150 ml of deionised water 

and 100 ml of concentrated acetic acid to 1 g of leucomalachite green into 

a brown chemical bottle. The solution was stirred until all the 

leucomalachite green was dissolved and the solution was filtrated. The 

prepared LMG solution was afterwards transferred from the brown 

chemical bottle with LMG solution into a smaller separate tube. A 30 % 

H2O2 (EMSURE®, Darmstadt Germany) was diluted with deionised 

water to a 10 % H2O2 solution and the H2O2 was then transferred to a 

smaller separate tube. A volume of 25 µl of LMG solution and 25 µl of 

H2O2 solution was used throughout this study. When not in use, all 

solutions where kept in a refrigerator. 

3.2.2 Reduced LMG solution 

Eventually a LMG solution will oxidise and shift to green when kept at 

room temperature, but it is possible to reduce an old LMG solution. This 

was achieved by adding zinc powder to the LMG solution in which the 

green colour disappears. 
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3.2.3 LCV solution 

For this study, a Leuko-Crystal Violet-solution kit (BVDA, Haarlem 

Netherlands) was used in this thesis. 

The kit contained two bottles, one with the LCV solution and one with 

the 15 % H2O2. LCV can be prepared as a two-step solution, or as a one-

step solution. The one-step solution was supplied with the manual and 

two-step solution used was calculated at NFC.  

The two-step solution was prepared just as the LMG solution. A volume 

of LCV was directly pipetted and 15 % H2O2 was diluted to 3 % H2O2. 

The LCV one-step will mix both LCV and hydrogen peroxide in the same 

tube. A volume of 25 μl of LCV solution and 25 µl of H2O2 solution was 

always used during this study when applying the two-step solution. A 

volume of 50 μl was always applied when using the LCV one-step 

solution. 

3.2.4 Bluestar Forensics 

Bluestar Forensics was prepared according to the manual [9]. The two 

tablets from the Bluestar Forensics kit (Bluestar®, Monte Carlo Monaco, 

10105 09/2017) was dissolved in 125 ml deionised water. The solution 

was then sprayed as a fine aerosol with an Eco-spray bottle. 

3.2.5 Lumiscene 

Lumiscene was prepared according to the manual [10]. A Lumiscene kit 

(Loci Forensics B.V, Nieuw-Vennep Netherlands) contains a bottle with 

250 ml Lumiscene solution and four tablets containing H2O2. The tablets 

were dissolved in the 250 ml Lumiscene solution. The solution was 

sprayed as a fine aerosol with an Eco-spray bottle. 

3.2.6 Ruhoff method and hydrogen peroxide method 

The Ruhoff method was prepared according to a protocol provided by the 

Police’s technical section in Malmö. The solution was therefore produced 

by mixing 0.25 g of luminol powder (Luminol, T-Applichema Panreac, 

Darmstadt Germany, A2185,0010) with 125 ml of deionised water. The 

solution was mixed for 30 minutes and filtered and a volume of 25 ml of 

30 % H2O2 was added to the filtered solution. 

It is possible to exclude luminol and just add 25 ml of 30 % H2O2 to 125 

ml of deionised water, this solution was called “the hydrogen peroxide 

method” in this study. Both methods were sprayed as a fine aerosol with 
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an Eco-spray bottle. A Canon EOS 650D was used to photograph the 

results with the camera settings shown in table 1. 

Table 1. Camera used for this part of the study was a Canon EOS 650D, with the following 

settings 

Camera settings 

ISO speed ISO-400 

F-stop f/8 

Exposure 

time 

1/80 

Zoom 135 mm 

Distance 40 cm 

3.3 Optimal H2O2 concentration for the LMG test 

The performance of the LMG test regarding three different H2O2 

concentrations, 3 %, 10 % and 15 %, were investigated. For each H2O2 

concentration, 5 µl of each blood dilution used for the tests were pipetted 

in triplicates on swabs with a total of three negative controls (three 

negative controls for each H2O2 concentration). All swabs were kept 

drying overnight. 

 

LMG was pipetted (25 µl) on each swab and 25 µl of 3 %, 10 % or 15 % 

H2O2 was added on the swab separately. After the application, we waited 

approximately 15 seconds to interpret a positive result for the weaker 

blood dilutions. 

To investigate the different H2O2 concentrations further, 5 μl of blood 

dilution, 25 μl of LMG and 25 μl of H2O2 was added to a microfuge tube. 

This was done in triplicates for all H2O2 concentrations and blood 

dilutions between 1:512-1:16 384. A negative control for each H2O2 

concentration was likewise manufactured. 
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3.4 Durability of the solutions under different conditions 

3.4.1 The presumptive blood tests 

This study was done to investigate how sustainable the solutions of LMG 

and LCV was during four different conditions. The different conditions 

examined were 50 °C for four and eight hours, freezing (-24 °C) of the 

solutions overnight and keeping the solutions in the refrigerator (7 °C) as 

a control overnight. This was tested to imitate different conditions which 

the solution may be exposed to when kept in a vehicle before a crime 

scene examination. For this study 3 % and 10 % H2O2 were tested. 

3.4.1.1 Swabs and filter papers 

The blood dilutions 1:512-1:16 384 were added with a volume of 5 μl on 

the swabs and 1 µl on the filter papers in triplicates. The volumes were 

chosen to imitate real life scenarios when collecting blood. The LMG and 

LCV one- and two-step solutions were then applied on the swabs and 

filter papers. A negative control for each presumptive test was also added. 

This procedure was done for all four conditions.  

3.4.1.2 Microfuge tubes 

To investigate the four different conditions further, 5 μl of blood dilution 

and the presumptive tests were added together separately into microfuge 

tubes. We investigated this to simplify a visible colourshift. This was 

done in triplicates for each blood dilution. 

3.4.2 The visualisation blood methods 

3.4.2.1 Bluestar Forensics and Lumiscene 

The solutions of Bluestar Forensics and Lumiscene were heated in 50 °C 

for three hours, frozen (-24 °C) overnight or kept cold (approximately 7 

°C) in a refrigerator for three hours. The blood dilutions 1:128-1:131 072, 

were dropped on tiles in triplicates. One tile with all the different blood 

dilutions were made for each storing condition and method.  

The camera was placed approximately 40 cm above the set up. The tests 

were performed in a dark room and we waited approximately one minute 

to adapt the eyes to night vision. The different solutions were applied 

with an Eco-spray bottle 30 cm away from the drops of diluted blood 

during 10 – 15 seconds. A Canon EOS 650D was used to photograph the 

results with the camera settings shown in table 2. 
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Table 2. Camera settings to photograph Bluestar Forensics and Lumiscene. 

 

Camera settings 

ISO-speed ISO-800 

F-stop f/7.1 

Exposure 

time 

30 seconds 

Zoom 75 mm 

Distance 40 cm 

3.4.2.2 Ruhoff method and the hydrogen peroxide method 

The solutions of the Ruhoff method and the hydrogen peroxide method 

were heated in 50 °C for eight hours, frozen (-24 °C) overnight or kept 

cold (approximately 7 °C) in a refrigerator. The blood dilutions 1:128-

1:131 072 were dropped on tiles in triplicates. One tile with all the 

different blood dilutions were made for each storing condition and 

method. Small black/grey, cleaned tiles were used.  

3.5 The effect on sensitivity of different matrices 

3.5.1 The matrices investigated 

To investigate how different matrices (see figure 2) may affect the 

different methods sensitivity, a piece of wood, fabric from black and 

white t-shirts (Biltema, Helsingborg, Art. 21-044), black paper, glass, 

white ceramic tiles (Primeequal, Portugal) and black ceramic tiles 

(Fincuoghi, Italy) were used. The different matrices were chosen because 

of their different absorption abilities. The tiles were washed with a clean 

brush and YES dish soap and rinsed with deionised water. The fabric 

used were washed in 40 °C and dried. The t-shirt used for the 

presumptive tests LMG and LCV was white. The t-shirt used for 

Lumiscene, Bluestar Forensics, the Ruhoff method and hydrogen 

peroxide method was black. The small black/grey tiles were used for 

Lumiscene, Bluestar Forensics, the Ruhoff method and hydrogen 

peroxide method. For the Ruhoff and hydrogen peroxide methods, drops 
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of diluted blood were also applied on transparent glass and black paper to 

better observe the white foam.  

 

 

 

Figure 2: The matrices used. White tiles (20 x 40 cm), black/grey tiles (10 x 10 cm), glass (15 

x 35 cm) the fabric were cut out to approximately 7 x 10 cm pieces for the presumptive tests 

and 40 x 10 cm for the visualisation blood methods. 

3.5.2 The presumptive tests 

The blood dilutions 1:4 -1:16 384 were added from a height of 5 cm 

above the matrices in triplicates. Additionally, a negative control of three 

drops/replicates of deionised water were added for each presumptive test 

method and matrices. 

3.5.2.1 The tiles 

A filter paper was used to scratch parts of the dried drops of diluted blood 

of the white tiles. LMG solution was added on the filter paper. A 3 % 

H2O2 solution was used. For the lower dilution factors, when we no 

longer could detect a colourshift on the filter paper anymore, a partly 

moisten swab was used to clean up the whole drop of diluted blood. The 

moist part of the swab was then pressed on a clean filter paper, on which 

the LMG was applied. The same procedure was done regarding two-step 

LCV and one-step LCV. 
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3.5.2.2 The fabric 

A filter paper was used to scratch on the drops of diluted blood which 

were placed on the fabric (cotton tricot fabric 100 %). The solutions were 

added on to the filter papers for the blood dilutions 1:4 -1:2048. For all 

blood dilutions used for the presumptive tests, a piece of approximately 1 

x 1 mm from the fabric with drops of diluted blood was also cut out with 

a scissor. The small piece of fabric was placed on a filter paper and the 

solutions were added. The same procedure was done for all the 

presumptive tests. 

3.5.2.3 The wood 

A filter paper was used to scratch of the drops of diluted blood and the 

solutions were applied on the filter papers. When a colourshift no longer 

was shown on the filter paper after application of the solutions, a small 

piece of approximately 1 x 1 mm was cut out from the stains using a 

scalpel. The small piece was then placed on a filter paper whereupon the 

solutions were applied. The same procedure was done for all presumptive 

tests. 

3.5.3 Bluestar Forensics and Lumiscene 

The blood dilutions 1:4 - 1:65 536 were applied from a height of 5 cm, in 

triplicates. The drop of diluted blood was added on the black fabric, wood 

and small/grey tiles. All drops of diluted blood were allowed to dry. 

3.5.3.1 The black and white tiles, the black fabric and the wood 

The blood dilutions applied on to white tiles were made in triplicates for 

Bluestar Forensics and Lumiscene. This was done to investigate how the 

result may differ when different persons are applying the solutions. Three 

different persons were included, therefore did each person spray one 

Bluestar Forensics tile and one Lumiscene tile. The area around the drops 

of diluted blood was used as our negative control. 

3.5.4 Ruhoff method and the hydrogen peroxide method 

The blood dilutions used for the Ruhoff method and hydrogen peroxide 

method, were dropped on to the different matrices; black paper, the black 

tiles, black fabric (cotton tricot fabric 100 %) and glass. The blood 

dilutions 1:4 - 1:2048 were used in this part of the study. 

The blood dilutions were applied and left to dry completely. The 

solutions of the two different methods were then applied on to the 
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matrices with an Eco-spray bottle, with a distance of 30 cm from the 

drops of diluted blood. Both methods were applied for 10-15 seconds. 

3.6 Selectivity 

False positive results were investigated regarding the presumptive tests 

and the visualisation blood methods. Different household’s chemicals, 

fruits, vegetables, plant materials, strong oxidisers, reducing agents, 

peroxidases, strong acids, strong bases and metals were therefore tested 

for false positive reactions. We did likewise investigate if a positive result 

could be obtained for Bluestar Forensics, Lumiscene, the Ruhoff method 

and the hydrogen peroxide method if the panels were left to dry 

overnight. 

3.6.1 Presumptive tests 

Three filter papers were dipped in the household’s chemicals, fruits, 

vegetables and plant materials. The presumptive tests were immediately 

added on the filter papers as previously described. For the metals, a swab 

was used to swab of the metal surface and the presumptive tests were 

performed directly on the swab. The presumptive tests were also applied 

directly onto the metal which was placed on a filter paper, if small pieces 

of the metal could be collected. 

3.6.2 The visualisation blood methods 

The household’s chemicals, fruits, vegetables, plant materials and metals 

were separately placed in weighing boats. For the Ruhoff method and the 

hydrogen peroxide method, black plastic was placed upon the weighing 

boats. This because it would have been difficult to interpret the results 

from the solutions if the background was white. The solutions were then 

applied according to previous description. 

The effect of storage overnight was also investigated. The household’s 

chemicals, fruits, vegetables and plant materials were separately placed 

on white tiles for Bluestar Forensics and Lumiscene and on small 

black/grey tiles for the Ruhoff method and the hydrogen peroxide 

method. The tiles were later left to dry overnight in room temperature and 

the solutions were separately applied on the tiles. 

3.7 The effect on subsequent DNA analysis 

A DNA analysis was performed with the Chelex method, which is done 

by routine at NFC. The DNA was extracted and quantified with 

Quantifiler® HP DNA Quantification kit (Thermo Fisher Scientific). 15 

autosomal STR-markers and amelogenine (XX/XY) were amplified with 
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the PowerPlex ESX 16 Fast system kit (Promega). The genotyping was 

performed with Capillary Electrophoresis with ABI 3500L/xL instrument 

from Applied Biosystems. The DNA results is then evaluated with NFC’s 

standard method by two experienced forensic experts. 

Dilution series were obtained for each method. One dilution series was 

diluted with deionized water, one with Bluestar Forensics, one with the 

Ruhoff method and one dilution series was diluted with the hydrogen 

peroxide method (see figure 3). This investigation allowed us to roughly 

identify the detection limit of human DNA in the one blood sample 

examined and allowed us to estimate if a DNA profile can be obtained 

from blood stains of different dilutions found at a crime scene. It will also 

indicate how the visualising methods affects subsequent DNA analysis. 

 

Figure 3. The blood dilutions which was obtained for Bluestar Forensics, the Ruhoff method 
and the hydrogen peroxide method. One dilution series was likewise done with deionized 
water. 

A volume of 5 μl from each dilution from all four dilution series was 

pipetted into eppendorf tubes in triplicates. Negative controls were 

likewise obtained by pipetting 5 μl of deionized water, Bluestar 

Forensics, the Ruhoff method and the hydrogen peroxide method into 

separate eppendorf tubes. This was done triplicates for each method. The 

blood was then frozen (-24 °C) a couple of days before the DNA 

extraction occurred 

4 Results  

4.1 Optimal H2O2 concentration for the LMG test 

A somewhat higher sensitivity was observed for the H2O2 concentration 

of 3 % on the swabs. The lowest sensitivity was observed from the H2O2 
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concentration of 10 % (see figure 4).  

 

 

Figure 4. The results from the study of optimal H2O2 concentration regarding LMG is shown. 

On the vertical axis, the number of replicas with a positive reaction is shown and on the 

horizontal axis the blood dilutions are shown. 

4.1.1 Microfuge tubes 

When mixing the LMG solution and the solutions of different H2O2 

concentrations with different blood dilutions directly in a microfuge tube, 

it was shown that the greatest colourshift came from the 3 % H2O2 

solution. The H2O2 concentration of 10 % showed a colourshift down to 

the blood dilution 1:2048, but the H2O2 concentration of 15 % could only 

show a colourshift down to 1:1024 (see figure 5).  
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Figure 5. The microfuge tubes with different blood dilutions and different H2O2 

concentrations mixed is shown.  

4.2 Durability of the solutions under different conditions 

4.2.1 The presumptive blood tests 

Four different conditions were tested; solutions kept in refrigerator 

(approximately 7 °C) overnight, frozen (- 24 °C) overnight and the oven 

in 50 °C for four and for eight hours. 

4.2.1.1 Swabs  

4.2.1.1.1  LMG  

Already after four hours in the oven a distinct colourshift had occurred 

for the LMG solutions. The H2O2, irrespective of percent content, 

retained colourless. When applying the LMG on the swab, the swab was 

dyed green by the LMG solution, therefore a colourshift was hard to 

identify after applying H2O2. Already at the blood dilution 1:2048, it was 

nearly impossible to distinguish a colourshift for the LMG solution which 

had been in the oven for eight hours. Likewise, for the LMG solution 

which had been in the oven for four hours, at the blood dilution at 1:4096 

it started to become difficult to distinguish a colourshift.  

LMG solutions which had been frozen or kept cold, showed a clear 

colourshift. However, the highest durability was observed for the LMG 

solution which was kept cold and was combined with a H2O2 solution of 3 

%. The LMG solution which had been frozen had a slower colourshift. 

4.2.1.1.2 LCV  

There was a nearly negligible colourshift between the LCV solutions 

(both one- and two-step) kept under the different conditions. An overall 

slower colourshift was observed for the one-step solution which had been 

kept frozen, but LCV one-step stopped working at the blood dilution 1: 

2048 when the solutions had been heated for eight hours. LCV two-step 

showed a higher sensitivity when kept cold in refrigerator than when the 

solution was frozen, otherwise no dramatically changes for the LCV two-

step solution (see figure 6). 
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Figure 6. The presumptive tests shown on swabs. On the vertical axis, the number of positive 

replicates are shown and on the horizontal axis is the blood dilutions shown. Figure A shows 

LMG 3 %, figure B shows LMG 10 %, figure C shows LCV one-step and figure D shows LCV 

two-step. 

4.2.1.2 Filter papers 

4.2.1.2.1 LMG  

It was more difficult to interpret the colourshift of the heated solutions 

when applied to swabs, in comparison to the filter papers. However, at 

the lower blood dilutions it was still difficult to interpret the result on the 

filter papers. At a blood dilution of 1:2048 or lower, it was difficult to 

distinguish a colourshift. Overall, due to the effects mentioned above, a 

slightly higher sensitivity was observed for the solutions applied on filter 

papers (see figure 7). The solutions with 3 % H2O2 had the highest 

durability.  

4.2.1.2.2  LCV 
 

The one- and two-step solution of LCV which had been kept cold in a 

refrigerator had a slighter higher sensitivity than the solutions that had 

been frozen. The one-step solution of LCV showed a lower sensitivity 

when heated for eight hours, but the solution which had been heated for 

four hours did only showed a weaker colourshift, but no loss of 

durability. The two-step solutions of LCV which were heated showed a 
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lower sensitivity and showed the same results as for the two-step solution 

which had been kept cold and frozen. 

 

 
 

Figure 7. The presumptive tests on filter papers. On the vertical axis, the number of positive 

replicates are shown and on the horizontal axis is the blood dilutions shown. Figure A shows 

LMG 3 %, figure B shows LMG 10 %, figure C shows LCV one-step and figure D shows LCV 

two-step. 

4.2.2 The visualisation blood methods 

4.2.2.1 Bluestar Forensics and Lumiscene 
 

An overall sensitivity of 1:32 768 could be observed for Bluestar 

Forensics and Lumiscene, for both the frozen and the refrigerated 

solutions. The solutions which were kept in the oven for three hours 

showed a lower sensitivity. A sensitivity of 1:16 384 was observed for the 

heated Bluestar Forensic solution. Bluestar Forensics performed better 

than Lumiscene regarding the heated solutions, as the chemiluminescence 

from the drops of diluted blood were more prominent. Lumiscene showed 

a sensitivity of 1:16 384 for the heated solution. The triplicates for 1:16 

384 were visible, but extremely weak and the camera could not detect it. 

When applying the heated solution of Lumiscene, a slower reaction with 

the drops of diluted blood and a more rapid fading of the 

chemiluminescence were observed. The bottle with heated Lumiscene 

was heavily gas filled, and a smaller amount of gas evolving was 

observed for the heated Bluestar Forensics bottle. The heated bottle of 
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Bluestar Forensics did not glow as powerful in the dark compared to the 

Bluestar Forensics solutions which had been kept cold or frozen. No 

difference was observed when applying the heated Bluestar Forensics on 

to the drops of diluted blood. The chemiluminescence of all the frozen 

solutions were slower when reacting with the drops of diluted blood, but 

a chemiluminescence was observed for the diluted blood down to 1:32 

768. 

4.2.2.2 The Ruhoff method and the hydrogen peroxide method 

Both the Ruhoff method and the hydrogen peroxide method showed a 

sensitivity of 1:128 regardless of the condition they were exposed for.  

4.3 The matrices effect 

4.3.1 The presumptive Tests 

4.3.1.1 The fabric 

A sensitivity of 1:16 for LCV was observed for the one-step and two-step 

solutions when only using a filter paper. LMG with 3 % H2O2 showed a 

sensitivity of 1:64 when only using a filter paper. To obtain a positive 

result on the filter paper when scratched against the stains, a small 

amount of visible blood dilution had to be transferred on to the filter 

paper. A sensitivity of 1:4096 were shown for the LCV one- and two-step 

solutions, whereas a sensitivity of 1:2048 for the LMG 3 % when 

applying the solution directly to a piece of fabric (see figure 8).  
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Figure 8. The two charts are showing the sensitivity of the presumptive tests on cloth when 

scratched with filter paper compared to when a small piece of the stains was cut out. On the 

vertical axis, the number of positive replicates are shown and on the horizontal axis is the 

blood dilutions shown. Figure A shows fabric when scratching with a filter paper and figure 

B shows fabric with a cut out. 

4.3.1.2 The tiles 

LMG with 3 % H2O2 distinctly showed a sensitivity of 1:8192 for all 

triplicates when using swabs. However, the two- and one-step solution 

showed one positive result when using a filter paper down to the blood 

dilution of 1: 8192. An overall sensitivity was therefore around 1:8192 

for all the presumptive tests. A swab was only needed for LMG 3 % to 

achieve greater sensitivity. When using a swab on the lower dilutions of 

the other presumptive tests, no result was observed (see figure 9).  
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Figure 9. The chart is showing the presumptive tests when scratching with a filter paper and 

using a cotton swab on tiles with drops of diluted blood. On the vertical axis, the number of 

positive replicates are shown. 

4.3.1.3 The wood 

When using a filter paper, an overall sensitivity of 1:128 for all 

presumptive tests where shown. However, a sensitivity of 1:512 was 

obtained from the LCV two-step solution and the LMG 3 % when a small 

piece of the stain was cut out and tested on a filter paper. A small amount 

of the stain that was visible to the eye, needed to be transferred on to the 

filter papers for the presumptive tests to show positive results (see figure 

10). 



 26 

 
Figure 10. The two charts are showing the presumptive tests when scratching with a filter 

paper and using a scalpel to cut out a piece of the wood from the drops of diluted blood. On 

the vertical axis, the number of positive replicates are shown and on the horizontal axis is the 

blood dilutions shown. Figure A shows when only using a filter paper and figure B shows 

when using a cut out, 
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4.3.2 The visualisation blood methods  

4.3.2.1 Bluestar Forensics and Lumiscene 

4.3.2.1.1  The white tiles 

In this part of the study the sensitivity was tested in a setup were three 

different persons sprayed on two pairs of identical tiles, one for Bluestar 

Forensics and one for Lumiscene. The result was identical between the 

three persons spraying the solutions. All three Bluestar Forensics tiles 

showed a sensitivity of 1:32 768. Lumiscene did however show a lower 

intensity for the lower and more diluted drops of blood in contrast to 

Bluestar Forensics. The blood dilution 1:32 768 cannot be seen in the 

photo below, but it was visible to the naked eye. However, did Bluestar 

Forensics dissolve/spread the drops of diluted blood additionally (see 

figure 11 and 12). 

 

Figure 11. A sensitivity of 1:32 768 was observed for Bluestar Forensics. The blood dilution 

1:4-1:131 072 was dropped on the tile. The third person sprayed this replicate of the tiles. 
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Figure 12. A sensitivity of 1:32 768 was observed for Lumiscene. The blood dilution 1:4-

1:131 072 was dropped on the tile. The third person sprayed this replicate of the tiles. 

4.3.2.1.2  The black/grey tiles  

A sensitivity of 1:32 768 was observed for the small black/grey tiles 

when spaying Bluestar Forensics. A sensitivity of 1:32 768 was likewise 

shown for Lumiscene, but a much weaker chemiluminescence was 

observed. The drops of diluted blood did dissolve more when using 

Bluestar Forensics than when applying Lumiscene, this was likewise seen 

when applying Bluestar Forensics on the white tiles. 

4.3.2.1.3  Black fabric 

An overall sensitivity of 1:16 384 was observed for both methods when 

applied on black fabric. The chemiluminescence from Lumiscene was in 

comparison to Bluestar Forensics weaker.  

4.3.2.1.4  The wood 

The pieces of wood showed some background chemiluminescence. 

However, the chemiluminescence differed between Bluestar Forensics 

and Lumiscene. The chemiluminescence was brighter and showed a 

sensitivity of 1:16 384 when applying Bluestar Forensics, in comparison 

to Lumiscene which showed a sensitivity of 1:8192 

4.3.2.2 Ruhoff method and the hydrogen peroxide method 

The hydrogen peroxide method performed the best on the black paper 

regarding all the different matrices, and had a sensitivity of 1:1024. When 

applying the solutions on glass, a sensitivity of 1:128 was achieved from 

both methods. When applied on non-absorbent matrices the drops of 

diluted blood dissolved and if the glass had been placed vertically, the 

drops would be dissolved and perhaps drain down. When the solutions 
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were applied on the black fabric, a sensitivity of 1:16 were achieved for 

both methods. A sensitivity of 1:16 were obtained for both methods when 

applied on pieces of wood, a small amount of foam could be detected at 

the diluted drops of 1:64, but the foam was hard to identify at this blood 

dilution. 

4.4 Selectivity 

4.4.1 Presumptive tests 

In overall did LMG 3 % indicate of lowest amount of false positive 

colourshifts and the LCV two-step indicated of the greatest amount of 

false positive colourshifts. When applying only the LMG and LCV 

solutions on chlorine 1:1, 1:4 and Chlorine Power Mousse a colourshift 

occurred immediately. The presumptive tests exposed to the 1:4 chlorine 

indicated of the most “reality-like” colourshift. When LMG was exposed 

to 1:1 chlorine or Chlorine Power Mousse, a blue-green and yellow 

colourshift occurred and the LCV solutions colourshift were 

extraordinary colourful (see table 3). 

The horseradish did produce a colourshift for all presumptive tests. The 

colourshift from the one-step solution was bluer in its colour and only 

located on the horseradish, this was likewise observed for the LMG 3 % 

solution. The parsnip showed the strongest colourshift for the two-step 

solution and a weak green colourshift for LMG 3 %. The one-step 

solution did not show a distinct colourshift, but it was a diffuse 

colourshift located on the parsnip (see table 3). 

The iron supplements showed results for the LCV solutions. When 

applying the LCV solutions, a black/brown colourshift occurred 

immediately. When applying LMG 3 % upon the copper wire, a weak 

green colourshift occurred on the filter papers below the copper wires. No 

colourshift were observed for the LCV solutions when exposed to the 

copper wire. Lastly, the LCV two-step showed a colourshift when 

exposed to dandelion (see table 3). 

Table 3. The items which gave a positive or negative result when applying the presumptive 

tests is shown. A positive result is shown with a “+” and a negative result is shown with a “- 
“. This was done in triplicates. 

Chemical/material LMG 3 % LCV one-step LCV two-step 

Head n shoulders -  -  - -  -  - -  -  - 
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Chlorine Power 
Mousse 

+ + + + + + + + + 

NaOH -  -  - -  -  - -  -  - 

Banana -  -  - -  -  - -  -  - 

Horseradish + + + + + + + + + 

Parsnip +  -  - -  -  - +  -  + 

Beer -  -  - -  -  - -  -  - 

Swedish Turnip -  -  - -  -  - -  -  - 

Red beet -  -  - -  -  - -  -  - 

Potato -  -  - -  -  - -  -  - 

Apple -  -  - -  -  - -  -  - 

Red onion -  -  - -  -  - -  -  - 

Alcogel -  -  - -  -  - -  -  - 

Hand soap -  -  - -  -  - -  -  - 

Sun screen -  -  - -  -  - -  -  - 

Family fresh -  -  - -  -  - -  -  - 

Palmolive hand soap  -  -  - -  -  - -  -  - 

Colgate toothpaste -  -  - -  -  - -  -  - 

Libero oil -  -  - -  -  - -  -  - 

Jodopax 1:1 -  -  - + + + + + + 

Jodopax 1:4 +  -  - + + + + + + 

Mg+2 -  -  - -  -  - -  -  - 
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Carrot -  -  - -  -  - -  -  - 

Tomato -  -  - -  -  - -  -  - 

Copper paste -  -  - -  -  - -  -  - 

Steel wool -  -  - -  -  - -  -  - 

Copper -  -  - -  -  - -  -  - 

Copper wire + + + + + + -  -  - 

Coin -  -  - -  -  - -  -  - 

Screws -  -  - -  -  - -  -  - 

Lemon -  -  - -  -  - -  -  - 

Dandelion -  -  - -  -  - + + + 

 

4.4.2 The visualisation blood methods 

Bluestar Forensics showed a greater amount of false positive results from 

items and substances containing metals. The grass showed a weak 

chemiluminescence, but was not detected by the camera. 

The chemiluminescence from the metals were barely not detected by the 

camera for Lumiscene, but a slightly stronger chemiluminescence was 

shown from the grass and coin with a copper content (see table 4). 

Table 4. The items which gave a positive or negative result when applying Bluestar Forensics 

and Lumiscene is shown. A positive result is shown with a “+” and a negative result is shown 

with a “- “. 

Chemical/material Bluestar Forensics Lumiscene 

Grass + + 

Screw - - 

Brass clip + + 

Thicker screw - - 

Steel wool - - 
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Blueberry - - 

Coin 

Scraping from coin 

+ 

- 

+ 

- 

Brass screw + - 

Copper wire 

Scraping from copper wire 

+ 

+ 

- 

- 

Copper + - 

Strawberry - - 

 

The chemicals and household’s chemicals regarding Bluestar Forensics 

and Lumiscene showed similar results, whereas chlorine and sodium 

hydroxide, and Coca Cola for Bluestar Forensics, showed false positive 

results (see table 5). The false positive reactions for Lumiscene were 

brighter in contrast to the false positive reactions for Bluestar Forensics. 

Table 5. The items which gave a positive or negative result when applying Bluestar Forensics 

and Lumiscene. A positive result is shown with a “+” and a negative result is shown with a 

“- “ 

Chemical/material Bluestar Forensics Lumiscene 

Chlorine 1:1 + + 

Green Soap - - 

NaOH + + 

Chlorine Power Mousse + + 

Via Colour - - 

Acetic acid - - 

Hand soap from Palmolive - - 
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Ascorbic acid - - 

Chlorine 1:4 + + 

Coca Cola + - 

Cillit Bang - - 

Ajax Orginal - - 

Vanish-oxi Action - - 

Head and Shoulders - - 

Jodopax - - 

Copper paste - - 

Family Fresh - - 

Hairspray from Wella - - 

Beer - - 

 

Lumiscene showed a slightly greater amount of false positive results for 

this panel. A weak chemiluminescence was shown for the soil next to the 

oil and the banana was observed for Lumiscene (see table 6).  

Table 6. The items which gave a positive or negative result when applying Bluestar Forensics 

and Lumiscene. A positive result is shown with a “+” and a negative result is shown with a 

“- “. 

 

Chemical/material Bluestar Forensics Lumiscene 

Podzol - - 

Swedish turnip + + 

Soil from nearby a road - - 
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Iron supplements - - 

Colgate tooth paste - - 

Lemon - - 

Carrot + + 

Potato + + 

Banana - + 

Magnesium - - 

Soil from deciduous forest - + 

Libero oil - - 

Tomato - - 

Apple - - 

Parsnip + + 

Horseradish + + 

Red beet - - 

Ascorbic acid - - 

4.4.2.1 The Ruhoff method and the hydrogen peroxide method 

When applying the Ruhoff method and the hydrogen peroxide method on 

to the panels, only carrot, potato, red beet and banana showed a false 

positive reaction for the Ruhoff method. False positive reactions were 

obtained from potato, red beet and banana for the hydrogen peroxide 

method. No false positive results were obtained from neither of the 

methods when applied on to the metals.  

4.5 The effect on subsequent DNA analysis 

With NFC’s standard method of extracting human DNA, a DNA profile 

can be obtained down to blood diluted with deionised water of 1:256, 

when using a volume of 5 µl. For the Ruhoff method and the hydrogen 
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peroxide method, a DNA profile can be obtained down to the blood 

dilution of 1:32. For Bluestar Forensics a DNA profile can be obtained 

down to a blood dilution of 1:64.  

5 Discussion  

5.1 Optimal H2O2 concentration regarding LMG 

The most optimal H2O2 concentration to use with the LMG test was 3 %. 

This concentration showed a higher sensitivity on both the filter papers 

and on the swabs. The difference was obvious in the microfuge tubes. 

The colourshift were most dramatic for the microfuge tubes with a 3 % 

H2O2 concentration used (see figure 5). Based on the results regarding 

their sensitivity, we excluded the 15 % and 10 % H2O2 concentrations 

subsequently in the study. 

Investigating concentrations of 1 %, 2 %, 5 % etc. gives a better 

performing test. However, these rather small differences of how the test 

works gave a limited effect on the practical casework. 

5.2 Presumptive tests  

5.2.1 Durability of solutions under different conditions 

Heating both the LMG and LCV solutions showed a decreased sensitivity 

and a less clear colourshift. However, the two-step solution performs the 

best when heated in comparison to the other presumptive tests. The one-

step solution stopped showing a colourshift at the blood dilution of 

1:2048, and the colourshift was weak and slow. No discolouring of the 

LCV was observed when heated, and this simplified the interpretation of 

the results.  

A similar durability was shown for the four hours heated and frozen LCV 

solutions, but they had their sensitivity halved compared to the 

refrigerated solutions (1:8192). A similar result was shown for the LMG 

solution. The LMG solutions, regardless of H2O2 concentration, showed a 

durability of 1:2048 when heated for eight hours. The green discolouring 

complicated the interpretation, hence any colourshift below, or at 1:2048 

were hard to interpret on the swabs. The frozen LMG solutions showed a 

similar sensitivity as the LMG solutions which had been heated for four 

hours and lost its durability by a half in comparison to the LMG solutions 

which were kept in the refrigerator (1:8192). 
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5.2.2 Matrices effects 

As expected, both LMG and LCV showed a lower sensitivity when 

scratching with a filter paper on the diluted drops of blood which were 

placed on the white fabric. The LMG showed a sensitivity of 1:64 and the 

LCV one-step solution showed a sensitivity of 1:16. The sensitivity was 

nevertheless dramatically improved (1:4096) when cutting a piece of 

fabric from the blood stains and the sensitivity could be compared to the 

result when placing blood directly on a swab (5 µl) or on a filter paper (1 

µl). The two-step solution showed a similar result as for the LMG 

solution when both scratching with a filter paper and cutting a piece of 

the fabric out. The colourshift was however stronger for the LMG 

solution, and this is probably due to the lack of fixative agent which 

makes the colourshift easier to see. The LCV solution contains a fixative 

agent, and the colourshift will therefore not spread across the filter paper. 

These effects were likewise seen when examining the drops of diluted 

blood on wood with filter paper. But when using filter papers on the 

pieces of wood, a sensitivity of 1:128 was shown for all presumptive 

tests. A sensitivity of 1:128-1:1024 was shown when applying the 

solutions directly on a blood stain from the wood.  

The matrices above were chosen to display effects of different forms and 

levels of absorption. The blood was probably bound in the meshes of 

wool fibres in the t-shirt, and it was therefore transferring blood to the 

filter paper when scratching on the stains. But when soaking the 1 x 1 

mm piece of fabric with 50 µl of solution, it will dissolve the blood and 

able the chemicals to reach it. Wood however, was not as absorptive as 

the fabric and it was easier to transfer the blood to the filter paper, but the 

amount which had been sucked up by the capillaries of the wood fibres 

was probably hard for the presumptive test to reach when adding 50 µl of 

presumptive tests on the 1 x 1 mm pieces of wood.  

In total, to obtain a positive result you need to see a small amount of the 

diluted blood on the filter paper after scratching on a piece of fabric or 

wood. For the less absorptive matrices, a greater volume of blood will 

stay upon the surface and be easier to be transferred to the filter paper. 

Therefore, when scratching with a filter paper on the white tiles, a 

sensitivity of 1:8192 was obtained. In casework, it is therefore important 

when examining such materials to cut a piece of the material out to later 

apply the presumptive blood tests, and not only using a filter paper. This 

is nevertheless done by routine at NFC. 
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5.2.3 Selectivity 

Only a negligible difference was observed between the LMG and LCV 

tests in the panel of household’s materials/solutions with different 

chemical properties. The number of false positive reactions were slightly 

higher for the two-step LCV test. These were as expected strong 

oxidative agents, plant materials (peroxidase rich root and vegetables) 

and metals [1]. In total, all presumptive tests showed a high selectivity. 

When an oxidising agent obtains a false positive result, it is revealed by a 

reaction before the application of H2O2. Hence, this is an advantage of the 

two-step solution in case work compared to a one-step solution. The 

colourshift that occurs with the false positive results were also sometimes 

dissimilar to the colourshift with blood and were therefore easily 

revealed.  

5.3 The visualisation blood methods 

Due to the camera settings, the last triplicates of diluted blood were not 

always visible in the photo, but visible to the naked eye. The objective 

should had been placed closer to the diluted drops of blood. This should 

be considered when photographing chemiluminescence.  

5.3.1 Matrices effects 

5.3.1.1 Bluestar Forensics and Lumiscene 

Both Bluestar Forensics and Lumiscene showed a sensitivity of 1:32 768 

when applied on white tiles and on black/grey tiles. When applied on 

both wood and the black fabric the same lower sensitivity was observed. 

Bluestar Forensics, however, dissolved the drops of diluted blood more 

than Lumiscene when applied on the tiles. 

No difference was observed in sensitivity when three different persons 

sprayed on the white tiles, showing stability. 

5.3.1.2 Ruhoff Method and the hydrogen peroxide method 

When applying both methods on non-absorptive materials, such as glass 

and the black/grey tiles, a sensitivity of 1:128 was obtained. Spraying on 

absorptive materials showed a sensitivity of 1:16. The semi-porous 

surface of the black thick paper showed the best results, with a sensitivity 

of 1:1024 for both methods. The hydrogen peroxide method performed 

with a similar effectiveness as the Ruhoff method. The methods do 

however perform better on darker materials, and we would not 

recommend applying it on vertically placed non-absorptive materials 
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because the drops of diluted blood will dissolve and maybe drain down. 

Both methods seem to perform the best on semi-porous surfaces. 

5.3.2 Durability of different conditions of the solutions 

5.3.2.1 Bluestar Forensics and Lumiscene 

In total, it can be concluded that the manufacturer’s recommendation of 

the solutions durability (three hours for Bluestar Forensics and four hours 

for Lumiscene) and storage in darkness in room temperature should be 

followed. Both the intensity of the chemiluminescence and the overall 

sensitivity were affected by the different conditions.  

5.3.2.2 Ruhoff Method and the hydrogen peroxide method 

The Ruhoff method and the hydrogen peroxide method is in overall two 

very stable solutions. Regardless of storing conditions, such as placed in a 

refrigerator, heated or frozen, the same sensitivity of 1:128 was achieved. 

This is an advantage when used in the field work.  

5.3.3 Selectivity  

5.3.3.1 Bluestar Forensics and Lumiscene 

Bluestar Forensics showed a greater amount of false positive results 

compared to Lumiscene, even though the difference is neglectable, 

especially in casework. The grass and the soil from the deciduous forest 

showed a false positive result for Lumiscene, but only the grass showed a 

false positive result for Bluestar Forensics.  

The household’s chemicals, chlorine products and sodium hydroxide 

showed false positive results. Chlorine is known to give strong false 

positive results for both the presumptive tests and Bluestar Forensics. The 

chemiluminescence from the chlorine and sodium hydroxide is different 

to the chemiluminescence which is shown when the solutions are applied 

on blood [1]. It is very bright for a moment and flashes when the fluid is 

moving, especially the chlorine. The fumes from Lumiscene were fully 

visible after spraying on chlorine. However, after the chlorine and sodium 

hydroxide has dried overnight, no reaction occurred when applying the 

solutions. 

The results showed that plant materials, metals and household’s 

chemicals, such as cleaning agents, have a potential of obtaining false 

positive results. False positive results from these materials and solutions 

have been shown before [6]. Regarding metals, it seems to be the copper 

and the brass items which give the strongest chemiluminescence. When 
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the chemicals and plant materials had dried overnight however, only the 

horseradish showed a false positive result for both solutions. 

5.3.3.2 Ruhoff method and the hydrogen peroxide method  

The two foam forming methods, showed the lowest amount of false 

positive results. Only a few vegetables (red beet, banana, potato and 

carrot) showed false positive reactions with at least one of the methods. 

No false positive reactions were observed in the panel of the fresh 

household’s chemicals (including cleaning agent) or within the panels of 

metals. It started to bubble a bit in the liquid Chlorine Power Mousse, but 

no foam was observed. The old chemicals and fruits showed no positive 

reaction.  

5.4 The effect on subsequent DNA analysis 

The visualisation methods should not be used if not necessary to find 

blood stains with them, because these methods will decrease the 

possibility to obtain a DNA profile. The Ruhoff method and the hydrogen 

peroxide method will degrade DNA more than Bluestar Forensics. 

Therefore, will an increased spraying of the visualisation methods 

decrease the possibility of obtaining a DNA profile.  

The individual variety should be considered when trying to obtain a DNA 

profile and the amount of hemoglobin and the number of cells with a 

nucleus may vary. But this study gave an approximation of the detection 

limit of DNA.  

5.5 Social and ethical aspects 

This investigating will contribute to more suitable methods to use within 

NFC and the results do therefore have an indirect social impact. The 

results will increase the possibility to find blood at a crime scene and will 

therefore increase the possibility to find meaningful evidence. The false 

positive results are likewise important to consider when searching for 

blood stains, because they can lead to incorrect assessments. 

5.6 Conclusions 

I would recommend using the LMG test with a 3 % H2O2 concentration, 

because when handled correctly, this solution shows the clearest 

colourshift and it is possible to reduce the LMG solution with zinc 

powder if needed. It does likewise show a slighter higher sensitivity and 

has the lowest amount of false positives reactions. The LCV one-step is 

easy to use, but it is extremely vulnerable to heat. The LCV two-step has 

been proven to have the highest durability and it is recommended if there 

is a risk of tendency of improper use of the solution. The biggest issue is 
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the fixative agent in the LCV solution which complicates the 

interpretation of the results on a filter paper. 

Lumiscene and Bluestar Forensics showed similar results in sensitivity 

regarding all matrices. The solutions, Bluestar Forensic and Lumiscene, 

only differ in the results when they are affected by heat or sunlight. 

Lumiscene did not show as many false positive results as Bluestar 

Forensics, especially for the metals, were almost no chemiluminescence 

was observed for Lumiscene, otherwise did they perform with similar 

results.  

The hydrogen peroxide method should preferably be used, in comparison 

to the Ruhoff method. That is because the hydrogen peroxide method is 

easier to produce, because you can exclude the luminol and therefore you 

do not have to filter the solution before using it. The hydrogen peroxide 

method does have a slightly higher sensitivity and did not react to carrot, 

as the Ruhoff method did. The luminol added to the Ruhoff method does 

therefore not have an additional effect on these solutions’ results. 

However, both solutions are extremely stable, but the number of matrices 

or materials that they can be used on is limited. Only dark and absorptive 

materials should be used when investigating a crime scene with these 

methods, and the blood must have a dilution factor over 1:128. However, 

both methods do degrade DNA and should only be applied if highly 

needed to find blood stains. 

6 Thank you 

I would like to thank my supervisors, Ricky Ansell, Anders Nilsson and 

Staffan Jansson for helping me with this thesis.  
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8 Appendix 

DNA analyses results when extraction human DNA with the Chelex 

method: 

 

Appendix 1. DNA result when diluting human blood with deionised water. Blood dilution 1:64 

is shown. A DNA profile can be obtained. 
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Appendix 2. DNA result when diluting human blood with Bluestar Forensics. Blood dilution 

1:64 is shown. A DNA profile can be obtained. 
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Appendix 3. DNA result when diluting human blood with the hydrogen peroxide method (4 

%). Blood dilution 1:64 is shown. A DNA profile cannot be obtained. 
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Appendix 4. DNA result when diluting human blood with the Ruhoff method (4 %). Blood 

dilution 1:64 is shown. A DNA profile cannot be obtained. 
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Appendix 5. LMG 3 % kept in the oven for eight hours is shown. To the left, only 25 μl LMG 

has been added on the swabs and to the right has H2O2 been added, A colourshift is difficult 

to detect. The blood dilutions 1:2048 and 1:4096 is shown with a negative control. 

 
Appendix 6. LMG 3 % solution placed in the refrigerator is shown. To the left, 25 μl LMG has 

been added on the swabs and no dye from the LMG is obtained. To the right, was after H2O2 
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was added. A colourshift is easy to detect. The blood dilutions 1:512, 1:2048 – 1:8192 is 

shown 


