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Research published on bloodstain dating has always faced the same difficulties: the

physicochemical properties of the degradation are known and validated, but the traces found

on crime scenes are never controlled samples. On the contrary, they are left in chaotic

conditions, and are often imperfect, of bad quality, contaminated and degraded. Previous

studies have determined that the environment of the traces (temperature, humidity,

radiation) exercises a direct influence on the dynamic of the degradation [6-7]. The traces

must be evaluated while considering this uncertainty, as it is impossible to know what

happened between their deposition and their detection. This project therefore aims to evaluate

how these parameters influence the model of the age estimation of blood traces.

▪ There is a visible difference in color between bloodstains that have been left to age for the

same number of hours, but in different environmental conditions.

▪ The PCA conducted with the entirety of the MicroNIR spectra allowed two separate the

samples into four groups situated in different quadrants, each of those groups containing the

two samples that share the same temperature and relative humidity conditions. The PC1

therefore separated the samples based on temperature, as the PC2 separated the

samples based on relative humidity.

▪ The temperature and humidity were the factors that had the greatest influence on two

selected MicroNIR spectra. For the 1378 nm peak, the increase in temperature had a

negative effect (-0.3178) while the humidity had a positive effect (+0.3607). For the 1416 nm

peak, the opposite was observed, that is a positive effect for the temperature (+0.2389) and a

negative effect for the humidity (-0.4231).

▪ For the Raman spectra, the temperature was the only factor that had an influence on the

selected peaks, as the increase in temperature caused a decrease in the intensity of the

peaks.
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Blood is one of the most encountered type of trace on crime scenes. However, from a

forensic point of view, the potential of blood traces is not fully exploited yet [1]. Despite

the progress made over the last few years by different research groups [1, 4-7], there is

no reliable technique for the estimation of the time since the deposition of bloodstains

that has been developed to this day. This problem is actually often cited in literature as

the pursuit of the Holy Grail. In fact, a precise method to estimate the age of a blood

trace could provide a temporal connection between the bloodstain and the commitment
of a crime, hence strengthening the evidence with a unit of time, place and action [2, 3].

MATERIAL AND METHOD

TEMPERATURE (°C) [A] HUMIDITY (%rh) [B] LIGHT EXPOSURE [C]

1 10 25 None

2 10 25 Max

3 10 75 None

4 10 75 Max

5 40 25 None

6 40 25 Max

7 40 75 None

8 40 75 Max

Table 1. Full factorial experimental design matrix of 3 factors of 2 levels each.

▪ Each sample of blood was deposited on white 100% cotton fabric.

▪ 8 experiences were conducted, and each sample was left to age for

72 hours inside a constant climate chamber.

▪ A Design of Experiments (DoE) was constructed, and 3 factors

(temperature, relative humidity and light exposure) were evaluated at

two different levels (high and low) each (see Table 1).

▪ The light sources added to the chamber were a UV LED strip (365nm)

and a LED 99 CRI strip (6500K, 800 lumen), to replicate a sunlight

exposure.

▪ The samples were photographed and analyzed by Raman and

MicroNIR spectroscopy.
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Principal component analysis (PCA) score plot for the MicroNIR spectra of the 8 bloodstain

samples. Each sample had a total of 5 replicates.

The PC1 axis separates the samples based on temperature, as the PC2 axis separates the

samples based on relative humidity.

Figure 2. PCA score plot of the MicroNIR analysis.

Figure 1. Photographs of two bloodstain samples that aged in different conditions. Figure 3. Offset average MicroNIR spectra of the 8 bloodstain samples. 

Legend:

̶ Spectra average (n=5) of sample #8

̶̶ Spectra average (n=5) of sample #7

̶ Spectra average (n=5) of sample #6

̶ Spectra average (n=5) of sample #5

̶ Spectra average (n=5) of sample #4

̶ Spectra average (n=5) of sample #3

̶ Spectra average (n=5) of sample #2

̶ Spectra average (n=5) of sample #1

*Offset spectra

Factor Interactions between factors

Average 

Absorbance 

Peak 1 (n=5)

Average 

Absorbance 

Peak 2 (n=5)

Experience A B C AB BC AC ABC x = 1378 nm x = 1416 nm

1 - - - + + + - 1.1989 -0.3700

2 - - + + - - + 0.9964 -0.2536

3 - + - - - + + 2.0900 -1.2397

4 - + + - + - - 1.8809 -1.2327

5 + - - - + - + 0.6558 0.0470

6 + - + - - + - 0.6009 0.1290

7 + + - + - - - 0.9296 -0.6459

8 + + + + + + + 1.4373 -0.7145

Influence Peak 1 -0.3178 0.3607 0.0051 -0.0831 0.0695 0.1081 0.0711

Influence Peak 2 0.2389 -0.4231 0.0171 0.0391 -0.0325 -0.0138 -0.0052

Table 2. Experimental design matrix of the influence of each parameter and the influence of the 

interactions between the parameters on two selected wavelengths for the MicroNIR data.

Peak 1
Peak 2

▪ For the Raman data, with two chosen response peaks (associated to the skeletal vibration of the

heme molecule [1]), it was observed that for both peaks, the increase in temperature (A) had the

greatest negative effect on the intensity of the peaks. The effects of the humidity (B) and the light

exposure (C) were negligeable, as well as those of the interactions between the factors.

T°: 40
%RH: 75%

T°: 10
%RH: 75%

T°: 10
%RH: 25%

T°: 40
%RH: 25%

a) b) Difference in color of two

bloodstains left to age 72

hours in opposite

environmental conditions:

a) Temperature: 10°C,

Relative humidity: 75% and

Light exposure: None

b) Temperature: 40°C,

Relative humidity: 25% and

Light exposure: Maximum


