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Abstract: Previous studies have shown that the cationic surfactants benzalkonium chloride (BAC) and

cetyltrimethylammonium bromide (CTAB) enhance the visualization of ninhydrin-amino acid compounds

(Ruhemann’s purple). However, applying BAC or CTAB directly to fingermarks composed of amino acids,

after development with amino acid sensitive reagents has not been investigated. Therefore, the authors studied

whether the development of fingermarks left on paper with amino acid sensitive reagents and the subsequent

post-treatment with cationic surfactants would result in further enhancement. First, the purple compound obtained

by treating the amino acids contained in a spot with ninhydrin turned blue when post-treated with BAC or

CTAB, indicating that BAC or CTAB has the potential to darken the color of ninhydrin-developed fingermarks

and make it more visible. But when fingermarks on paper were developed with ninhydrin and then post-treated

with BAC or CTAB, the color of the fingermarks shifted from purple to blue, but the overall sensitivity was

similar to fingermarks without BAC or CTAB. Furthermore, no significant effect was observed when fingermarks

developed with 1,8 - diazafluoren - 9 - one or 1,2 - indanedione/zinc instead of ninhydrin were treated with

BAC or CTAB. However, further testing on colored papers showed that adding BAC or CTAB to ninhydrin-

developed fingermarks may provide better contrast on red-based papers.
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1. Introduction

Latent fingermarks can be used as important evidence

in criminal investigations. However, they are not readily

visible to the naked eye and require visualization. On

porous surfaces, this visualization can be achieved

by using amino acid sensitive reagents such as

ninhydrin and its analogs.1,2 These analogs such as

1,2 – indanedione/zinc (IND) and 1,8 – diazafluoren

– 9 – one (DFO) produce better contrast and higher

sensitivity under fluorescence compared to ninhydrin.

Thus, they are preferred for developing fingermarks.1,3 

However, IND and DFO are relatively more

expensive and require a light source for visualization.

In contrast, ninhydrin is cheaper and produces purple-

colored fingermarks that can be viewed directly
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under white light (without the use of any specialized

light sources). This makes it especially useful in cases

where fluorescence producing reagents or techniques

may not be feasible,1-7 and thus it may be preferred

in forensic laboratories with a lower budget. However,

ninhydrin still has limitations such as insufficient

contrast on certain backgrounds and lower sensitivity

compared to amino acid sensitive reagents that

produce fluorescent fingermarks.1,3,8,9 Thus, there is

still a need to improve the overall performance of

ninhydrin. 

Benzalkonium chloride (BAC) and cetyltrimethylam-

monium bromide (CTAB) are cationic surfactants

that have shown positive effects on the reactions

involving amino acid sensitive reagents based on

previous studies.10-15 In the study by Chadwick et al.

(2017), when fingermarks were deposited using hands

covered with non – alcoholic sanitizers (that included

BAC) or an aqueous BAC solution and then developed

with ninhydrin or IND, the ridge quality of ninhydrin

developed fingermarks, and the fluorescence intensity

and quality of IND developed fingermarks improved.10

These effects were especially evident in the case of

poor fingermark donors (i.e. donors who produce a

low amount of sweat).10 Kinetic and spectrophotometric

studies on CTAB showed that it improved the rate of

reaction when added to ninhydrin and amino acids.11-15

The reaction between ninhydrin and amino acids

was catalyzed within the stern layer (the hydrophilic

head group layer) of the CTAB micelles.11-15 Thus,

based on the results of the previous studies, it is

expected that BAC and CTAB may have similar

positive effects due to the formation of micelles when

applied directly to fingermarks after development

with amino acid sensitive reagents on paper. However,

to the best of the authors’ knowledge, no such study

has been published. 

Therefore, to check whether BAC (or CTAB) post-

treatment of fingermarks developed with amino acid

sensitive reagents showed any positive effects, optimal

BAC and CTAB reagents were formulated for direct

application to fingermarks developed with amino

acid sensitive reagents on A4 paper. The performance

of amino acid sensitive reagents with and without

using BAC or CTAB were compared by testing on

A4 as well as colored paper. Any advantages that this

novel post-treatment method may show compared to

development with amino acid sensitive reagents without

post-treatment were investigated. 

2. Experimental

2.1. Materials and equipment

The chemicals used in this study were BAC, CTAB,

serine, glycine, and asparagine from Daejung (Korea);

ninhydrin, alanine, leucine, threonine, histidine, and

valine from Samchun (Korea); lysine from Sigma-

Aldrich (USA); DFO and IND from Sirchie (USA).

505-nm light source (Polilight-Flare Plus 2) from

Rofin (Australia); an orange barrier filter from Altlight

(Korea); a heat press machine (Dreame81) from

Designdream (Korea); Nikon D5300 DSLR Camera

from Nikon (Japan) and a 60 mm lens from Laowa

(China) were also used.

2.2. Preparation of reagents

Petroleum ether (PE) based DFO was prepared by

dissolving DFO (500 mg) in a mixture of methanol

(100 mL), ethyl acetate (100 mL) and acetic acid

(20 mL) and then adding PE (780 mL). PE based

IND was also prepared. Working solution of IND

was prepared by adding IND (0.8 g) to ethyl acetate

(90 mL), glacial acetic acid (10 mL) and zinc

chloride stock solution (80 mL), followed by PE

(820 mL). The zinc chloride stock solution was prepared

by first dissolving zinc chloride (0.4 g) in absolute

ethanol (10 mL) and ethyl acetate (1 mL) followed

by adding PE (190 mL).16 A modified PE based

ninhydrin formulation, referred to as nin(PE) henceforth,

was prepared by dissolving ninhydrin (6 g) in ethanol

(90 mL)16 and then adding acetic acid (10 mL).

The solution was then diluted with PE (900 mL).16

Artificial sweat was prepared by adding serine

(0.98 g), glycine (0.588 g), alanine (0.294 g), lysine

(0.39 g), leucine (0.098 g), threonine (0.146 g),

asparagine (0.146 g), histidine (0.146 g), valine (0.098 g),

sodium chloride (6.6 g), magnesium chloride (0.008 g),

calcium chloride (0.032 g) and zinc chloride (0.004 g) to
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deionized water (1 L).17 

2.3. Fingermark deposition

Natural fingermarks are fingermarks that are

composed of skin residues naturally present on the

surface of the fingers and deposited without immediate

hand-washing, producing excess sweat or increasing

the sebaceous content by touching areas such as the

face, neck etc.18,19 Thus, natural fingermarks were

deposited by two good donors (who produce a high

amount of sweat), two average donors (who produce

an average amount of sweat) and two poor donors

(who produce a low amount of sweat). The donors

were asked not to wash their hands for 30 minutes

before fingermark deposition and to deposit each

fingermark with light pressure and brief contact time.

The donors were asked to rub their hands together

for approximately 5 seconds before depositing each

fingermark.20 

2.4. Treatment and visualization of fingermarks

Nin(PE) developed fingermarks were heated at

160 °C for 10 s using a dry heat press and visualized

under white light.8 

2.5. Fingermark assessment

The fingermarks were assessed by 5 assessors who

were forensic science graduate students trained in

fingermark development and assessment for more

than 1 year.21 

3. Results

3.1. Effect of BAC or CTAB

When fingermarks were deposited with hands

covered with hand sanitizers (containing BAC) or an

aqueous (aq.) solution of BAC and then developed

with amino acid sensitive reagents, the overall ridge

development, quality and fluorescence intensity of

the fingermarks showed improvement.10 But the

effect of applying aq. BAC (or CTAB) directly to

fingermarks after development with amino acid

sensitive reagents is not known. 

However, before testing the effect of aq. BAC (or

CTAB) on fingermarks developed with amino acid

sensitive reagents, the effect of aq. BAC (or CTAB)

was tested on spots of artificial sweat containing

amino acids, to exclude the influence of impurities

such as oils and other contaminants that may be

present in a fingermark. While preparing the spots,

the volume of each of the reagents spotted was 10 µL.

Ethanol-based BAC and CTAB were also considered

since a volatile organic solvent such as ethanol is

preferred compared to water while using amino acid

sensitive reagents as it is less likely to cause blurring

of fingermark ridges22 and will allow the paper to

dry faster. 

3.1.1. Control spot tests

Control spot tests were conducted to exclude any

potential interactions between BAC (or CTAB) and

the individual reagents, as well as to rule out the

influence of blank solvents on the reactions. No

reaction was observed when 10 μL of 0.1 % w/v

aqueous or ethanol-based BAC (or CTAB) was

added to a 10 μL spot of artificial sweat. Similarly,

no reaction occurred when the same amount of BAC

(or CTAB) solution was applied to a 10 μL spot of a

PE-based amino acid-sensitive reagent (ninhydrin,

DFO, or IND). On adding 10 μL of a blank solvent

(deionized water or ethanol) to the reaction between

a 10 μL spot of artificial sweat and 10 μL of a PE

based amino acid sensitive reagent (ninhydrin, DFO

or IND) after heating, no significant result was obtained.

Heating was carried out with a dry heat press at 160 °C

for 10 s in case of ninhydrin and IND spots, and 180 °C

for 10 s in case of DFO spots. Therefore, any effects

observed in subsequent experiments can be attributed to

the influence of BAC or CTAB on the reactions,

rather than to the effects of the blank solvents or any

direct interaction between BAC (or CTAB) and the

individual reagents.

3.1.2. Effect of BAC or CTAB on amino acid

- DFO (or IND) complex

DFO and IND are preferred over ninhydrin as they

produce fluorescent fingermarks which have higher

contrast and better sensitivity.1,3 Thus, before testing
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the effect of BAC or CTAB on the reaction between

ninhydrin and amino acids, the effect of BAC or

CTAB was tested on the reaction between DFO (or

IND) and amino acids as any improvement in the

performance of DFO or IND due to BAC or CTAB

would prove to be more advantageous. For this

purpose, PE based DFO (or IND) was added to spots

of artificial sweat on paper. DFO spots were heated

at 180 °C for 10 s using a dry heat press and visualized

through an orange filter under light of 505 nm

wavelength.8,23 IND spots were heated at 160 °C for

10 s using a dry heat press and visualized through an

orange filter under light of 505 nm wavelength.8,23 

The addition of 0.1 % w/v BAC or CTAB (aqueous

or ethanol-based formulations) to these spots did not

produce any significant effects (such as a color change

or increase in fluorescence intensity) that could be

useful for fingermark development on paper. Therefore,

the effect of BAC or CTAB on the reaction between

DFO (or IND) and amino acids was not considered

for further investigation. 

3.1.3. Effect of BAC or CTAB on amino acid

- ninhydrin complex

1) Aqueous BAC or CTAB

Since BAC or CTAB did not show significant

effects on the reaction between DFO (or IND) and

amino acids, the effect of these cationic surfactants

were then tested on the reaction between ninhydrin

and amino acids. On adding aq. BAC to a spot of

artificial sweat that was developed with nin(PE) and

heated, a color change from purple to a strong blue

color was observed. Adding aq. CTAB to a spot of

artificial sweat developed with nin(PE) after heating

the spot also produced a faint blue color. This shows

that BAC or CTAB can be used to change the color

of the amino acid – ninhydrin reaction product formed

to improve contrast with the background. Therefore,

using this sequence of application, the effect of BAC

or CTAB was considered for further investigation. 

2) Ethanol-based BAC or CTAB

Ethanol is less likely to cause blurring of fingermarks

ridges.22 Additionally, the use of water in the post-

treatment reagent will cause damage to the paper24

while ethanol will evaporate quickly leading to faster

drying of paper. Thus, ethanol-based BAC and CTAB

were tested to see if a similar blue color change was

produced. For this purpose, artificial sweat was

spotted on A4 paper followed by addition of nin(PE)

and then heated giving a purple color. However, on

addition of 0.1 % w/v ethanol-based BAC or CTAB

to the nin(PE) developed spot, color change from

purple to blue was not observed. 

3.1.4. Effect of CaCl2
In Section 3.1.3. (B.), no color change was observed

on using 0.1 % w/v ethanol-based BAC or CTAB.

This could be due to the absence of micelles as it

was seen that micelle formation is required for the

cationic surfactants to have an effect on the reaction

between ninhydrin and amino acids11-15 and thus,

micelles may likely be required for BAC or CTAB to

give a color change as well. Since the CMC (critical

micelle concentration - the concentration of the surfactant

required to form micelles) will be higher if the amount

of ethanol increases,25-27 0.1 % w/v concentration of

BAC or CTAB may not be a sufficient concentration

to form micelles in the presence of a higher volume

of ethanol. Thus, in order to form micelles to obtain

a color change in 100 % ethanol, increasing the

concentration of BAC or CTAB (to attain the CMC)

or using a salt (CaCl2) in the formulation to reduce

the CMC - lower the concentration required to form

micelles,28 may be required. 

For this purpose, 8 sets of 3 natural fingermarks

were deposited by a good donor on A4 paper, giving

a total of 24 fingermarks. Average and poor donors

were not considered as the aim was not to check the

effectiveness of the post-treatment method, rather to

check the percentage of BAC or CTAB required to

get the color change in 100 % ethanol. Thus, the

fingermarks of a good donor were considered to be

sufficient as it can provide proper visualization of the

color change. Each fingermark was deposited using

fresh sweat. These fingermarks were developed with

nin(PE), heated and then divided to form split

fingermarks. Each of the 8 sets was treated with

0.1 %, 0.5 %, 1 % and 2 % w/v ethanol-based BAC
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and CTAB formulations, respectively. The left half

of the fingermark was treated with a BAC (or CTAB)

formulation containing 0.005 M CaCl2 and the right

half was treated with a formulation not containing

CaCl2, at the same BAC (or CTAB) concentration. 

Among the BAC concentrations tested, although

blue color was obtained using 0.5 % and 1 % w/v

ethanol-based BAC as well as 2 % w/v ethanol-

based BAC with CaCl2, it appeared to have a greater

extent of unreacted parts (as shown in Fig. 1) in some

fingermarks compared to 2 % w/v ethanol-based

BAC without CaCl2. In case of CTAB post-treatment,

color change to blue was obtained only on using 2 %

w/v ethanol-based CTAB. The blue color change

indicates the formation of micelles.

To determine whether CaCl2 had any effect on the

color intensity over a period of time, 3 sets of 3 natural

fingermarks were deposited by a good donor, giving

a total of 9 natural fingermarks. 2 sets were post-

treated with 2 % w/v ethanol-based BAC and CTAB

Fig. 1. Blue color change obtained with 2 % w/v ethanol-based BAC and CTAB post-treatment. Contrast of the images enhanced
to observe the unreacted part.
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respectively, each formulation containing 0.005 M

CaCl2. The third set was not subjected to post-treatment.

On observing the fingermarks after 7 days, the color

of the fingermarks with ethanol-based BAC (or

CTAB) post-treatment faded compared to the

fingermarks developed with nin (PE) without post-

treatment. This fading was observed even in case of

fingermarks with BAC (or CTAB) post-treatment

without CaCl2 (as shown in Fig. 2) and it was very

prominent in the case of CTAB post-treatment for all the

fingermarks observed. Therefore, nin(PE) development

without post-treatment showed the best results while

CTAB post-treatment was not as effective as BAC

post-treatment or nin(PE) development without post-

treatment. 

Addition of CaCl2 did not produce satisfactory

results and further research is required to understand

why. Nevertheless, it was not included in the final

formulation as color change was obtained just by

increasing the concentration of BAC or CTAB. Thus,

Fig. 2. Fading of fingermarks observed on day 7 after post-treatment with 2 % w/v Ethanol-based BAC and 2 % w/v Ethanol-
based CTAB compared to ninhydrin development without post-treatment.
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2 % w/v BAC in 100 % ethanol and 2 % w/v CTAB

in 100 % ethanol were selected as the optimal

formulations for further testing of fingermarks. 

3.2. Ethanol-based BAC or CTAB post-trea-

tment vs. nin(PE) development without post-

treatment on A4 paper

To check whether BAC (or CTAB) post-treatment

had any significant advantages, the performance of

ethanol-based BAC (or CTAB) post-treatment was

compared with nin(PE) development without post-

treatment. Thus, the following experiment was designed

based on the International Fingerprint Research Group

(IFRG) guidelines for Phase I experiments.18

For this purpose, natural fingermarks were collected

from 6 individuals (a mix of good, average, and poor

fingermark donors) to provide variable fingermarks.

The donors were asked to deposit seven repeats of

their thumb, index, and middle finger on A4 paper

giving a total of 21 fingermarks. This was considered

as one set. 4 sets were collected from each of the 6

donors. Thus, 84 fingermarks were collected from

each donor. A time interval of 20 minutes was

maintained between the collection of each set,20

during which the donors could carry out their regular

activities.19 The fingermarks were developed using

nin(PE) and then split into three portions. One

portion was not subjected to further treatment while

the other two portions were treated with BAC and

CTAB, respectively. 

The scale proposed by the University of Canberra

(UC)18 was considered for fingermark assessment as

it is used for comparing the performance of reagents.

The post-treatment method did not show any additional

minutiae or ridge line formation, mainly showing a

difference in contrast due to the change in color.

Thus, it was considered to be the appropriate scale

for comparing the performance of the post-treatment

method in relation to just using ninhydrin (without

post-treatment). However, the BAC (or CTAB) post-

treatment method did not show a significant superior

or inferior performance when observed and compared

to nin(PE) using the UC scale. Thus, only a single

positive grade showing superior performance (+1) and

a single negative grade showing inferior performance

(-1) were considered to be sufficient.29 After post-

treatment, it was also observed that some of the

fingermarks did not show the color change or were

not visible enough for analysis (irrespective of the

treatment used). Thus, additional grades (N) and (00)

were added to denote such fingermarks.29 Therefore,

the scale18 proposed by the University of Canberra

(UC) was modified to include these grades as shown

in Table 1. This modified scale was used for the

assessment of fingermarks by 5 assessors. 

Fig. 3 shows the graphical representation of the

comparison of ethanol-based BAC (or CTAB) post-

treatment with nin(PE) development without post-

treatment in split fingermarks based on the modified

UC comparative scale. As shown in Fig. 3, considering

only the fingermarks that received grades +1, 0 and

-1, the percentage of nin(PE) developed fingermarks

that showed superior performance (grade +1) with

ethanol-based BAC (or CTAB) post-treatment was

Table 1. Modified University of Canberra (UC) comparative scale used for fingermark assessment

Grade Definition

+1
BAC (or CTAB) post-treatment shows an increase in enhancement compared to nin(PE) development without

post-treatment.

0
No significant difference between BAC (or CTAB) post-treatment and nin(PE) development without post-

treatment.

-1
BAC (or CTAB) post-treatment shows a decrease in enhancement compared to nin(PE) development without

post-treatment.

N Developed fingermark but no/incomplete color change to blue.

00 No/poor visibility of the fingermark (i.e., no result from either technique).

Abbreviations: BAC: benzalkonium chloride; CTAB: cetyltrimethylammonium bromide; nin(PE): petroleum ether-based nin-

hydrin
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the lowest while the percentage of fingermarks that

showed inferior performance (grade -1) on using

ethanol-based BAC (or CTAB) post-treatment was

higher. The highest percentage of fingermarks showed

similar enhancement (grade 0) between ethanol-

based BAC (or CTAB) post-treatment and nin(PE)

development without post-treatment. 

Overall, ethanol-based BAC (or CTAB) post-

treatment showed similar clarity of ridges, contrast,

ridge development and intensity across several repeats

when compared to nin(PE) development without

post-treatment. Thus, ethanol-based BAC or CTAB

post-treatment did not appear to present any particular

advantage over nin(PE) development without post-

treatment. However, the authors have not found the

reason yet. 

3.3. Effect of ethanol-based BAC/CTAB post-

treatment on Nin(PE) developed colored paper

To assess whether post-treatment with BAC or

CTAB could enhance the color contrast of ninhydrin-

developed fingermarks, natural fingermarks were

deposited on eight types of colored paper: crimson,

red, yellow, green, light blue, dark blue, purple, and

pink. Each fingermark was split; one half was treated

with Nin(PE) alone, while the other half was treated

with Nin(PE) followed by immersion in 2 % w/v

ethanol-based BAC or CTAB solution. As a result,

the contrast enhancement effect of the 2 % w/v ethanol-

based BAC or CTAB post-treatment was observed

only on red-colored papers (red and crimson). No

significant contrast improvement was noted on the

other colored papers. Fig. 4 illustrates the enhanced

contrast observed on crimson paper.

4. Discussion

Overall, BAC (or CTAB) post-treatment exhibited

performance comparable to that of nin(PE) development

alone. However, in some fingermarks, no color change

was observed following post-treatment, and fading

was noted after seven days—phenomena that were

not observed in fingermarks developed solely with

nin(PE). The underlying causes of these effects remain

unclear and are beyond the scope of the present

study. Previous studies have shown that the reaction

between ninhydrin and amino acids takes place in

the stern layer of micelles.11-15 The blue color indicates

the formation of these micelles. Thus, the blue color

could be due to a complex formed between these

micelles and Ruhemann’s purple. In Chadwick’s

Fig. 3. Distribution of the percentage of grades received on
comparing Ethanol-based BAC or CTAB post-treatment
with nin(PE) development without post-treatment.
A. Comparison between nin(PE) development without
post-treatment and BAC or CTAB post-treatment
within the same split fingermark.
B. Comparison before and after BAC or CTAB post-
treatment within the same fingermark.
C. Comparison between nin(PE) deve-lopment without
post-treatment and BAC or CTAB post-treatment
across several repeats

Fig. 4. Comparison of ninhydrin-developed fingermarks on
crimson paper before (left halves) and after (right halves)
2 % w/v ethanol-based BAC/CTAB post-treatment.
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earlier study, water was used as the solvent;10 however,

water is not suitable for amino acid-sensitive reagents,

as it may damage the paper24 and cause diffusion of

amino acids,30 leading to blurred ridge detail. Therefore,

ethanol, an organic solvent, was employed in this

study, as it is more appropriate for preserving the clarity

of fingermark ridges. On white paper substrates,

BAC (or CTAB) post-treatment did not provide any

significant advantage over nin(PE) development

alone and showed several limitations. Accordingly,

the use of nin(PE) without post-treatment remains

the recommended approach for developing fingermarks

on A4 paper. However, BAC (or CTAB) post-treatment

showed better contrast due to the blue color change

when used on ninhydrin-developed fingermarks on

red-based papers. Further research is necessary to

identify the factors that influence the occurrence or

absence of the blue color change.

5. Conclusion

On adding benzalkonium chloride (BAC) or

cetyltrimethylammonium bromide (CTAB) after heating

artificial sweat spots developed with petroleum ether-

based ninhydrin, referred to as nin(PE), a color change

was obtained from purple to blue on A4 paper. Thus,

this application sequence was used in further

experiments. Different formulations were tested

(including the use of CaCl2 to reduce the critical

micelle concentration of BAC or CTAB) to get the

color change in 100 % ethanol. But CaCl2 did not

give satisfactory results and was not included in the

final formulation. Thus, 2 % w/v BAC in 100 %

ethanol and 2 % w/v CTAB in 100 % ethanol were

the optimal reagent formulations selected for further

fingermark testing. 

Although blue color was obtained, BAC (or CTAB)

post-treatment showed similar performance when

compared to nin(PE) development without post-

treatment on A4 paper. Additionally, some of the

fingermarks did not show the color change after

post-treatment, and the color of the fingermarks faded

after 7 days, which was not observed in fingermarks

with nin(PE) development without post-treatment.

Since post-treatment with BAC or CTAB did not

show any significant advantages compared with

nin(PE) development without post-treatment, and

due to the current limitations of the BAC (or CTAB)

post-treatment method, nin(PE) development without

post-treatment is still recommended for fingermarks

on A4 paper. The addition of BAC or CTAB also did

not produce any significant effect on the reaction

between 1,8-diazafluoren-9-one (or 1,2-indanedione/

zinc) and amino acids. However, when further tests

were conducted on colored papers, BAC (or CTAB)

post-treatment showed better contrast when applied

to ninhydrin-developed fingermarks on red-based

papers. Thus, this post-treatment method can enhance

the visualization of ninhydrin – developed fingermarks

on red-based papers.

Acknowledgements

This research was supported by the Soonchunhyang

University Research Fund.

References

1. R. Jelly, E. L. T. Patton, C. Lennard, S. W. Lewis, and K.

F. Lim, Anal. Chim. Acta, 652, 128-142 (2009). https://

doi.org/10.1016/j.aca.2009.06.023

2. D. B. Hansen and M. M. Joullié, Chem. Soc. Rev., 34,

408-417 (2005). https://doi.org/10.1039/b315496n

3. C. Wallace-Kunkel, C. Lennard, M. Stoilovic, and C. Roux,

Forensic Sci. Int., 168, 14-26 (2007). https://doi.org/

10.1016/j.forsciint.2006.06.006

4. J. Almog, G. Levinton‐Shamuilov, Y. Cohen, and M.

Azoury, J. Forensic Sci., 52(2), 330-334 (2007). https://

doi.org/10.1111/j.1556-4029.2007.00383.x

5. A. Beaudoin, ForATE Project, https://alexandre.beaud0in.

net/ForATE_implementation_Guide.pdf, Accessed 18

Mar 2024.

6. Merck, Ninhydrin, https://www.sigmaaldrich.com/KR/

en/product/sial/n4876, Accessed 18 Mar 2024. 

7. Merck, Indan-1,2-dione, https://www.sigmaaldrich.com/

KR/en/product/aldrich/684163, Accessed 18 Mar 2024.

8. C. Kim, H. W. Cho, H. S. Koh, and J. S. Yu, Jour. of

KoCon.a., 16(9), 247-253 (2016). http://dx.doi.org/



280 Almeida Myfanwy Alonza, Nokyeon Kwon, Hyunjeong Kim, Sora Yoon, and Sungwook Hong

Analytical Science & Technology

10.5392/JKCA.2016.16.09.247

9. S. Berdejo, M. Rowe, and J. W. Bond, J. Forensic Sci.,

57(2), 509-514 (2012). https://doi.org/10.1111/j.1556-

4029.2011.01972.x

10. S. Chadwick, M. Neskoski, X. Spindler, C. Lennard,

and C. Roux, Forensic Sci. Int., 273, 153-160 (2017).

https://doi.org/10.1016/j.forsciint.2017.02.018

11. A. Kabir-ud-Din, J. K. J. Salem, S. Kumar, and Z. Khan,

Colloids Surf. A: Physicochem. Eng. Asp., 168, 241-

250 (2000).

12. Kabir-ud-Din, W. Fatma, and Z. Khan, Int. J. Chem. Kinet.,

38, 634-642 (2006). https://doi.org/10.1002/kin.20197

13. Kabir-ud-Din, M. Akram, M. Z. A. Rafiquee, and Z.

Khan, Int. J. Chem. Kinet., 31, 47-54 (1999).

14. M. Akram, D. Kumar, and Kabir-ud-Din, J. Saudi Chem.

Soc., 18, 520-527 (2014). https://doi.org/10.1016/j.jscs.

2011.10.019

15. Kabir-ud-Din, J. K. J. Salem, S. Kumar, and Z. Khan,

Indian J. Chem., 39A, 1019-1023 (2000).

16. S. J. Kim and S. Hong, Anal. Sci. Technol., 32(3), 113-

119 (2019). https://doi.org/10.5806/AST.2019.32.3.113

17. S. Hong, I. Hong, A. Han, J. Y. Seo, and J. Namgung,

Forensic Sci. Int., 257, 403-408 (2015). https://doi.org/

10.1016/j.forsciint.2015.10.005

18. International Fingerprint Research Group, J. Forensic

Identif., 64(2), 174-197 (2014).

19. A. B. Merlo, C. Roux, A. Bécue, and C. Weyermann,

Forensic Sci. Int., 348, 111709 (2023). https://doi.org/

10.1016/j.forsciint.2023.111709

20. C. N. Loh, W. L. Chia, S. C. Foo, X. Xu, and W. L. Tan,

Forensic Sci. Int., 315, 110440 (2020). https://doi.org/

10.1016/j.forsciint.2020.110440

21. S. Hong, J. H. Park, J. H. Park, H. B. Oh, E. J. Choi, I.

H. Cho, and Y. J. Mok, J. Forensic Sci., 64(4), 1040-

1047 (2019). https://doi.org/10.1111/1556-4029.13960.

22. E. J. Park and S. Hong, Anal. Sci. Technol., 32(3), 105-

112 (2019). https://doi.org/10.5806/AST.2019.32.3.105

23. C. Marriott, R. Lee, Z. Wilkes, B. Comber, X. Spindler,

C. Roux, and C. Lennard, Forensic Sci. Int., 236, 30-37

(2014). https://doi.org/10.1016/j.forsciint.2013.12.028

24. L. Solhi, V. Guccini, K. Heise, I. Solala, E. Niinivaara,

W. Xu, K. Mihhels, M. Kröger, Z. Meng, J. Wohlert, H.

Tao, E. D. Cranston, and E. Kontturi, Chem. Rev., 123(5),

1925-2015 (2023). https://doi.org/10.1021/acs.chemrev.

2c00611

25. F. I. El-Dossoki, E. A. Gomaa, and O. K. Hamza, J.

Chem. Eng. Data, 64, 4482-4492 (2019). https://doi.org/

10.1021/acs.jced.9b00527

26. S. K. Shah, S. K. Chatterjee, and A. Bhattarai, J. Mol. Liq.,

222, 906-914 (2016). https://doi.org/10.1016/j.molliq.

2016.07.098

27. B. Kumar, D. Tikariha, K. K. Ghosh, and P. Quagliotto,

J. Mol. Liq., 172, 81-87 (2012). https://doi.org/10.1016/

j.molliq.2012.05.013

28. N. Akhlaghi and S. Riahi, Iran. J. Oil Gas Sci. Technol.,

8(4), 50-63 (2019). https://doi.org/10.22050/ijogst.2019.

156537.1481

29. K. Klemczak, K. Kozdrój-Miler, A. Siejca, K. Lityński,

and A. Leśniewski, Forensic Sci. Int., 339, 111417 (2022).

https://doi.org/10.1016/j.forsciint.2022.111417

30. R. Steiner, S. Moret, and C. Roux, Forensic Sci. Int., 350,

111804 (2023). https://doi.org/10.1016/j.forsciint.2023.111804


