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Abstract

This study had the objective to design and try out instructional media to prevent the
use of unsafe technologies in educational institutions in Bangkok and the Metropolitan Region
since these areas are at risk of crime in many aspects due to the highest rate of technology
use in Thailand. A mixed-method research approach was employed, including a literature
review, in-depth interviews, focus group discussions with 22 administrators, teachers, and
personnel, and data collection from questionnaires with 341 lower secondary school students,
and the try out with 136 students. The results discovered that appropriate instructional media
should be animated to cover three areas: test cheating, online gambling, and raising awareness.
After the try out, positive opinions were obtained on the application in learning and factors
affecting the misuse of technology from students’ motivation, awareness, attitudes, and
perceptions. However, this study highlishts the importance of developing effective
instructional media to sustainably cope with social and technological changes. Future research

should focus on designing instructional methods along with the development of policy

" Corresponding Author, Email: kittipong.p@ubu.ac.th
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mechanisms and enforcing laws to prevent corruption in educational institutions as a start of
widespread social crimes.
Keywords: Design and Test of Instructional Media; Prevention Guidelines; Unsafe Technology;

Bangkok and Metropolitan Region
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INTRODUCTION

The transition to information technology has introduced challenges to the educational
environment, posing risks to student safety and data reliability. This underscores the need for
instructional media designed with precision and tailored to each age group to mitigate
potential dangers while enhancing learning outcomes (Lee et al,, 2023). In Thailand, slow
educational development stems from unequal infrastructure, limited digital resources,
insufficient teacher readiness, and inadequate policy follow-up or investment aligned with
national strategies (OECD/UNESCO, 2016). Compounding these issues is the lack of awareness
among administrators and teachers about the importance of safe technology use, alongside
insufficient planning, collaboration, and training budgets (Mangkharat et al., 2024). Addressing

these gaps requires the design of instructional media that meets the diverse needs of
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educational institutions and fosters a shared understanding of safe and effective technology
use.

According to statistics on the use of information technology by Thai students from
2019 to 2023, each age group tended to increase, especially in the age group between 12-14
years old studying in lower secondary school. They all had smartphones, and the internet
usage rate has increased from 91.8% to 99.1%. Moreover, considering deeply into the area
aspect, in the Bangkok Metropolitan Region, students mostly used the internet in the country,
accounting for 98.9 percent (National Statistical Office, 2024). Access to information technology
by students through the internet is both a learning opportunity and a security risk. The
direction of instructional model development must keep up with shifts and context. The
responsibility of creatively using all media channels is also crucial so that hidden threats in
society and educational fields can be exposed.

However, unsafe technology use in educational institutions poses risks that can
escalate to societal and national issues, undermining trust in the education system and
technology adoption. Analyzing students' behavior provides insights into its impact on peers,
teachers, and parents, helping to prevent online rights violations and corruption.
Understanding the factors driving unsafe technology use is essential for prioritizing the design
of instructional media that aligns with rapidly changing social trends.

Accordingly, the research team recognizes the importance of the influence of unsafe
technology use in educational institutions, especially in the Bangkok Metropolitan Region,
where technology use is likely to be higher than in other areas in Thailand. Additionally, lower
secondary students are still in the age of learning and are open to new things all the time.
Without proper and correct technology use guidelines, it will inevitably affect their perception
on a large scale. Raising students' awareness of the root causes of crime and misconduct in
schools is critically important. Therefore, the design of instructional media must be carefully
reviewed and tested to develop appropriate media for each school context. Furthermore, the
effort to foster participation from all sectors is essential so that social organizations play a role

in building robust learning measures and ecosystems.

LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK
The educational gap in Thai society underscores information technology as a key factor
driving inequality between rich and poor students. Addressing this requires analyzing students'

technology behaviors and evaluating institutional readiness to adapt, monitor usage, and
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implement tools to prevent misuse. Promoting awareness, fostering anti-corruption values,
and encouraging transparent technology use are essential for cultivating responsible behavior.
The STRONG model, focusing on sufficiency, transparency, realization, progress, knowledge,
and generosity, offers a framework for cultivating responsible technology use through
consistent evaluation and monitoring (Heliany et al., 2023; Tenissara & Ruangsan, 2021).
However, the result measurement requires an evaluation and monitoring mechanism to
specify guidelines for appropriate instructional media development for students.

Moreover, as digital crimes such as academic dishonesty, cyber fraud, and
unauthorized data access become more prevalent, integrating crime prevention strategies into
instructional media is essential. The misuse of technology in educational settings can serve as
an entry point for more severe forms of misconduct, reinforcing the need for early intervention
and digital ethics education. Schools must adopt preventive mechanisms that not only
address technology misuse but also mitigate risks associated with cybercrime, fraud, and
online exploitation. This study examines behaviors and environmental factors in Thai schools,
highlighting four key elements from Chuangcham et al. (2021) attitudes toward technology
use, perceived ability, technology literacy, and motivation. These factors are essential for
addressing unsafe technology use and developing instructional media suited to current needs.
Institutions must support teaching with modern tools, create prevention guidelines, and
produce effective media. Teachers play a crucial role and should engage in training and
seminars to meet societal demands (Ediyani et al., 2020; Mfreke et al., 2020). The research

team designs a conceptual framework as shown below:
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Technology Usage Behavior Unsafe Technology Use
Attitude on technology use

" Individual Level
" Perceived ability to use technology
O Awareness of causes

Technology li
Adaptation to situations echnology literacy

Motivation t technol
Influence of media and technology otivation fo Use technotogy

Awareness cultivation ’

Development of good characteristics

O 0 0 O

®* Adoption Level Instructional Media Guideline Development

" Development to support teaching

O Challenge
O Surveillance » " Development to specify prevention
O Application guidelines
O Integration " Development to develop outcomes from
O Prevention technology use
® Outcome Expectation Level '
O Anti-corruption value development
O Transparent technology usage promotion Design and Test of Instructional Media
O STRONG model application " Part 1 Examination cheating
O Organizational culture fostering " Part 2 Online gambling
O Evaluation and follow-up " Part 3 Awareness cultivation

Figure 1 Conceptual Framework
The arrows illustrate the progression from analyzing technology usage behavior to
preventing technology-facilitated crimes in education. Individual awareness and adoption
strategies influence unsafe technology use, necessitating instructional media for prevention.
This framework guides media development to curb academic fraud, online gambling, and

digital misconduct, fostering ethical awareness and digital responsibility among students.

METHODOLOGY AND RESEARCH DESIGN

The objectives were achieved through mixed-method research, beginning with a field
survey on unsafe technology use in educational institutions. The survey revealed that student
behaviors influenced societal expectations, particularly through technology altering the value
of the learning process. Developing age-appropriate instructional media emerged as a key
mechanism. After identifying challenges, target groups, and research areas, a systematic design
was conducted with the study guidelines as follows:

1) Study Area: Data collection began at the National Anti-Corruption Commission
(NACQC) to explore policy implementation addressing unsafe technology use, particularly
cybersecurity risks in educational institutions. This includes exposure to online gambling,
misinformation, academic dishonesty through digital tools, and social engineering threats.
Three model schools recognized for technology adoption were selected: two under the
Secondary Education Service Area Office in Bangkok and one under the Office of the Basic

Education Commission (OBEQ).
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2) Key Informant: Purposive sampling selected 22 participants based on their direct
roles in preventing technology-related crimes in education. This included 10 NACC executives
overseeing cybersecurity policies, 3 school executives managing digital safety, and 9 teachers
promoting ethical technology use. Executives provided policy insights via interviews, while
school personnel discussed real-world challenges in focus groups.

3) Population and Sample: The lower secondary student population across the three
schools totaled 2,280. Using Yamane's formula (1973), a sample of 341 students was
determined, with proportions adjusted for each school. Class teachers selected participants
for questionnaires to minimize learning disruption.

4) Design and Test of Instructional Media: Design and Testing of Instructional Media:
Three storyboards were developed based on findings from prior analysis and aligned with
educational crime prevention objectives. These were reviewed by external experts specializing
in cybersecurity education and instructional design to validate content accuracy, ethical
considerations, and pedagogical effectiveness. Upon expert validation, the finalized media
were produced and pilot-tested with 136 students to assess engagement, comprehension,
and applicability. Feedback from both students and experts was integrated to refine the final
instructional materials before broader implementation.

However, the research objectives required diverse methods: behavior analysis on
unsafe technology use utilized surveys, interviews, focus groups, and observation; factors
influencing instructional media development were examined through these methods, desk
research, and expert-reviewed questionnaires, with results analyzed via stepwise regression;
and the design and testing of instructional media employed experimental design, action
research, and evaluation. This approach aims to create age-appropriate instructional media

and advance Thailand's educational model globally.

RESULT AND DISCUSSION

The conceptual framework in Figure 1 guided the research methodology and design,
focusing on factors influencing unsafe technology use and their impact on shifting student
behavior through instructional media design. The study results and result discussions are
delivered with each research objective as follows:

1) Analysis of Unsafe Technology Use Behavior in Educational Institutions

1.1) Individual Level
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(1) Awareness of causes: Students and educational personnel must understand
the causes of unsafe technology use or corruption, often linked to a lack of control,
knowledge, and ethics. Social pressure and irresponsibility exacerbate these issues, negatively
impacting education (Aydin, 2024). Awareness serves as a foundation for changing unsafe
behaviors within the context of each institution.

(2) Adaptation to situation: Rapid technological shifts require students to adapt
creatively and responsibly. Educational institutions should promote technology use to
enhance learning while fostering awareness to prevent corruption. Continuous learning helps
students navigate high-risk situations, such as careless social media use, minimizing negative
societal impacts.

(3) Influence of media and technology: Technology advancements bring both
benefits and risks, such as exposure to cheating, plagiarism, and online gambling, which harm
learning. Schools must regulate and educate students on safe technology use, ensuring
personnel guide them to mitigate risks.

(4) Awareness cultivation: Building responsibility from a young age, combined
with corruption prevention knowledge, fosters moral values and ethical technology use
(Muhammad et al., 2023). Institutions must instill ethics throughout education, enabling students
to distinguish correct from incorrect technology use and apply it in daily life.

(5) Development of good characteristics: All youth should have opportunities to
develop safe technology use skills. Institutions should reflect on the pros and cons of
technology, promoting literacy, analytical thinking, and problem-solving. Indicators must
evaluate academic outcomes and creative, ethical technology use to prevent corruption.

1.2) Adoption Level

(1) Challenge: Technology adoption in educational institutions faces challenges
such as budget constraints, limited tools, personnel gaps, and a lack of understanding of safe
technology use. Students with learning difficulties are particularly affected in this digital age.
Institutions must develop modern instructional media to address societal issues like online
fraud and inappropriate content while promoting safe technology use and effective learning.

(2) Surveillance: Monitoring students' online behavior is essential to address
concerns such as addiction, distraction, and emotional impacts (Berges-Puyo, 2024). Proactive
surveillance, including behavior monitoring systems and technology safety measures, should
involve cooperation among all sectors and focus on raising awareness among teachers and

students.
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(3) Application: Information technology enhances learning by building
knowledge and skills but must be carefully regulated to prevent misuse. As students
increasingly use Al tools like ChatGPT, proper guidance is needed to ensure technology
supports learning without causing pressure or dependency (Javaid et al., 2023).

(4) Integration: Modern technology should be systematically integrated into
learning to develop analytical thinking, problem-solving, and awareness. Teachers must adapt
to students' diverse backgrounds and maintain meaningful connections to prevent
detachment in the learning process.

(5) Prevention: Clear policies and measures are essential to prevent unsafe
technology use, including appointing teacher inspectors, installing CCTVs, filtering internet
access, and training personnel. These measures help minimize risks and ensure safe and
ethical technology practices in schools.

1.3) Outcome Expectation Level

(1) Anti-corruption value development: Developing anti-corruption values is
crucial for shielding students and personnel from unethical influences. Predicting the impact
of wrongdoing before involvement is key, supported by training, instructional media, and daily
practices. Sarmini et al. (2017) highlighted the role of instructional media in fostering awareness
and reducing corruption, creating a better educational ecosystem.

(2) Transparent technology use promotion: Schools must use technology to
prevent corruption, employing tools like LMS (e.g., Google Classroom, Moodle) to monitor
progress, assignments, and attendance systematically. Real-time tracking through ID cards
enhances data management and communication, reducing corruption risks and promoting
transparency, ensuring tangible accountability and integrity in educational institutions.

(3) STRONG model application: The STRONG model focuses on sufficiency,
transparency, awareness, and compassion to foster morality and ethics. Revised to STRONGER
with Excellence and Reformity, it strengthens students’ adaptability to rapid social changes,
involving community collaboration to monitor and report inappropriate behaviors like cheating
and online gambling.

(4) Organizational culture fostering: Building a sustainable, ethical school
culture takes time and effort. Embedding safe technology practices into school environments
ensures students, teachers, and parents understand the importance of responsible use.
Despite differing school limitations, strengthening culture can mitigate challenges like access

to inappropriate content (Martin et al., 2023).
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(5) Evaluation and follow-up: Continuous evaluation ensures the effectiveness
of instructional methods and technology use. Media design must be relatable and inclusive
for all students, fostering awareness through interconnected episodes. Evaluation should
measure real outcomes, enabling students to actively contribute to a society free from
corruption and technology misuse.

2) Factors affecting instructional media development to prevent unsafe technology
use in educational institutions

The design of instructional media involves studying factors influencing successful
technology adoption in educational institutions. These include appropriate media selection
for the target group and support from stakeholders like teachers, students, and parents,

ensuring instructional methods align with the digital age. Table 1 presents an overview of the

key factors in instructional media development as follows:

Table 1 The factors affecting the success of teaching media adoption

Factors in order of importance and academic consistency

Factor Issue Scholar Main Theme
Motivation  Educational Gomez- Highlighting technology’s positive value enhances
to use institutions lacked  Trigueros et motivation, requiring trained teachers to address
technology ~ motivation and al. (2024) current issues.
guidance to teach Liet al. Digital tools boost engagement, foster creative
students to use (2024) learning, and reduce risks.
technology safely  Liu et al. Motivation, emotional engagement, and
and creatively. (2024) innovative technology build confidence and
improve achievement.
Technology Educational Almufarreh  Instructional media enhances students' freedom
literacy institutions lacked & Arshad to learn, improving safe technology skills while
the promotion of  (2023) supporting academic learning.
students to know  Casal-Otero  Integrating artificial intelligence education at the
how to use (2023) K-12 level strengthens safe technology skills in
technology for the educational context.
benefits and Consoli et Educational institutions should promote
avoiding risks. al. (2023) technology to boost intellectual engagement,
collaboration, and online research.
Attitude on  Students lacked Brocca Video instructional media enhance student
technology  the reason to try  (2024) engagement, but limitations arise when teachers

new technology,

resist modern technology.
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even when Getenet et Attitudes toward digital technology require social,
teachers, peers, al. (2024) collaborative, and emotional engagement to

and others facilitate effective online learning.

recommended Ly et al. The link between students’ rationale,

them. (2024) convenience, utility, and technology behavior is

crucial, with attitudes driving digital adaptation.

Perceived Students lacked Albayati ChatGPT adoption faces gaps between

ability to acceptance and (2024) technology and students, influenced by policies

use trust in new and regulations.

technology  technology, Timbang & Digital technology enriches learning and social
media, and digital ~ Velasco experiences but requires behavior understanding
devices. (2024) to prevent misuse.

Keane et al.  Inconsistent technology expectations between
(2023) school and college cause resistance without

improved student satisfaction.

Note: The issues found are caused by results of the factors with the greatest influence first.

The table highlights key factors for successful instructional media development to
reduce unsafe technology use in educational institutions. Motivation is the most influential
factor, followed by technological literacy, attitudes, and perceived ability to use technology.
Consistency in teacher training, instructional design, motivation, and student participation are
essential mechanisms. The table emphasizes boosting students' motivation for safe
technology awareness and aligning media with their needs, with priorities ranked based on the

success of instructional media development as follows:

Table 2 Ranking Based on Level of Achievement of Instructional Media Development

Objective Ranking by the Results of Instructional Media Use
1 2 3
Preventive Students are ready to Students can advise Educational institutions train
measures safely apply technology  peers against using teachers and students on
in their daily lives. technology for fraud. risks of misuse leading to
corruption.
Teaching Students adapt learning  Students can share Educational institutions
support behavior to align with opinions on technology  promote understanding of
technological use in learning. E-Learning benefits.
advancements.
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Outcomes from  Students recognize the  Educational institutions  Educational institutions set

technology use influence of technology = campaign for safe E-Learning guidelines to
adoption in their technology use with enhance student potential.
schools. external partners.

The table highlights the direction of instructional media use, emphasizing prevention
guidelines as the key outcome. Students must use technology safely, warn against dishonesty,
and align with advancements, supported by trained teachers. Institutions should foster
awareness, promote safe technology use, and develop E-Learning suidelines to enhance
potential. Linking media with student motivation fosters innovation and academic honesty.
Teachers facilitate unbiased exploration, while institutions nurture moral identity through
cooperation. Success relies on engaging instructional media and addressing student needs, as
disinterest or unengaging tools lead to failure.

3) Design and Test of Instructional Media to Prevent Unsafe technology Use

The research team developed animation-based instructional media addressing exam
cheating, online gambling, and responsible technology use. Expert consultations ensured
accuracy, ethical considerations, and pedagogical effectiveness. External validation confirmed
its reliability, and pilot testing with 136 students assessed engagement, comprehension, and
behavioral impact, demonstrating its potential to enhance digital responsibility and prevent

technology-facilitated misconduct in educational settings.
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Table 3 Instructional Media (Animation) to Prevent Unsafe Technology Use in Educational Institutions

12

Episode 1: The Beginning (Exam Cheating)

Episode 2: The Game of Deception (Online Gambling)

Episode 3: Be Aware (Awareness Cultivation)

" .

Scene: The school director announces at the flagpole.

Scene: School governing conference room

Scene: Belle and Kao apologize to Teacher Top.

Scene: Introduction of the Cyber Threat Booth
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Based on the table above, the animation consists of three interconnected episodes,
helping students understand issues and impacts of unsafe technology use. These episodes
promote awareness and caution, using diverse characters to address and prevent
corruption. The animation details are as follows:

1. Episode 1: The Beginning (Exam Cheating): This episode has a total duration of
7.49 minutes. The story begins with Kao's father, a politician, offering Preecha a 1-million-
baht grant to secure Kao's Grade 7 English Program (EP) entrance. At Irene's house, her
mother suggests she take a break, but Irene remains determined to attend the school. In
Kao’s bedroom, his father gives him a Grade 7 test to memorize for a top score. After the
EP list was announced, with Kao ranking 4th and Irene 17th, Kao performed poorly in the
mid-term exam, leading his father to demand better results. Under pressure, Kao paid Belle
2,000 baht per subject to help him cheat using a phone vibration system. Their plan worked
during the final exam, but Teacher Top noticed identical scores. Confronted, Belle
confessed, and the school summoned their parents. The school allowed Kao and Belle to
retake the exam, staying in the special class if they passed or moving to a regular class if
they failed. When Kao’s father offered 2 million baht annually to keep Kao in the special
class, the director refused. Furious, he threatened to transfer Kao, but the school proposed
a collaborative approach, emphasizing understanding, patience, and parental involvement
to foster morality. Teacher Top advised Kao and Belle to learn from the incident and
embrace honesty as a shield for future challenges.

The episode “The Beginning” highlights how parents shape young people's thoughts
and behaviors, both positively and negatively. Educational institutions also play a vital role
in nurturing morality and ethics, working alongside parents to support students in becoming
good citizens. This collaboration aims to help young people grow into responsible
individuals who can thrive in society and serve as role models for others.

2. Episode 2: Game of Deception (Online Gambling): This episode has a total
duration of 8.21 minutes. The story follows the Grade 8 characters as Irene notices Belle
engrossed in her phone, with Jay joking that she’s practicing to become a millionaire but
playing a game instead. Suspicious, Irene and her friends observe Belle, who later buys a
new watch with money from the game, encouraging Kao to try it. Both become addicted,
losing money and borrowing from Win, a friend introduced by Jay. Unable to repay their

growing debt, they avoid Win at school. Irene and Baibua see them fleeing and report it to
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Teacher Top. Win confronts Belle and Kao, demanding repayment within three days.
Realizing Jay’s involvement, they request a delay due to exams, but Win refuses. At lunch,
Irene offers help, and Belle and Kao confide in her under secrecy. Irene records their
confession and informs Teacher Top, who reassures them after they admit their gambling
mistake. Teacher Top shows news of a celebrity-linked gambling site, shocking Kao as it’s
the site they used. Commending Irene and Baibua for reporting early, Teacher Top calls
Jay, who confesses to gambling after seeing an ad and tricking others to cover his losses.
Police confirm they were all deceived. Jay is placed on probation, loses behavior points,
and must perform daily good deeds until completing Grade 9.

The episode “Game of Deception” highlights the dangers of technology misuse,
showing how easily young people can be deceived in the cyber world, leading to significant
social harm. It warns about technological shifts linking online access to corruption, with
propaganda tactics concealing risks and illegal activities. Developing media that addresses
this issue can help students understand the dangers and impacts of online gambling on
themselves and others.

3. Episode 3: Be Aware (Awareness Cultivation): This episode, lasting 8.33 minutes,
follows the Grade 9 characters as Teacher Palm becomes their new class teacher. The
school director welcomes students and announces a campaign for safe technology use
after reports of misuse and corruption. In class, Teacher Palm introduces herself as skilled
in technology, offering assistance and support for activities. During homeroom, Belle asks
about integrating technology into education, and Teacher Palm explains its role in
highlighting benefits and risks, emphasizing motivation and safe use. Irene suggests
collaborating with external agencies to address safe technology use. At the school’s cyber
threat prevention event, the director welcomes NACC speakers, who stress distinguishing
personal and public benefits and guiding others against misuse. Irene suggests readiness to
apply technology, and Belle highlights teaching responsible use, earning praise. The speaker
emphasizes cultivating self-awareness and supportive teaching technologies. At exhibition
booths, Teacher Palm explains technology as a double-edged sword, advising caution and
consultation when unsure. Baibua raises concerns about cheating, and Teacher Palm
stresses understanding technology’s purpose and impacts. In the final scene, Irene and her
friends reflect on the importance of cautious, responsible technology use and the role of

reading in national development.
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In conclusion, at the end of this animation, they learn how to use technology
mindfully and “be aware.” They not only use technology to their advantage and safety
but also use their knowledge as role models for the youth in society, demonstrating the
correct use of technology. These characters become role models of how to handle
problems appropriately. This awareness and learning not only enhances the understanding
of technology but also fosters shifts in the thinking and actions of the next generation.

Based on the presentation of 3 episodes of animation from the research, each offers
valuable perspectives for cultivating awareness among students, teachers, parents, and

others. Tested with students, the results are summarized as follows:

Table 4 Summary of Opinions from Instructional Media Test in Educational Institutions

Opinion (n = 136)

Evaluation
Agree Neutral  Disagree X SD  Interpret
Format
1) The presentation is unique and 108 20 8
1.73  0.560 Agree
interesting. (79.4) (14.7) (5.9)
2) The images and language used are 112 24 Agree
- 1.82 0.382
clear and easy to understand. (82.4) (17.6)
3) The order of the story is 128 4 a4 Agree
191 0.374
appropriate and easy to understand. (94.1) (2.9) (2.9)
4) The presentation time is 132 4 Agree
- 1.97 0.169
appropriate. (97.1) (2.9)
Content
5) Modern and up-to-date 132 4 Agree
- 1.94  0.339
(97.1) (2.9
6) Interesting and appealing to watch 132 4 Agree
- 1.94  0.339
(97.1) (2.9
7) Concise, clear, and not too 132 4 Agree
- 1.97 0.169
complicated (97.1) (2.9)
8) Create imagination or new and Agree
124 12
diverse perspectives on the current - 1.91 0.284
(91.2) (8.8)
moral and ethical issues
9) Stimulate learning on moral and 124 12 Agree
- 191 0.284
ethical issues (91.2) (8.8)

15




1 11 aduil 1 oy unsau - fiquisu 2568

Volume 11 Number 1: January - June 2025

10) Creative and useful for further 132 4 Agree
- 1.97 0.169

use or dissemination (97.1) (2.9)

Total 1.90 0.271 Agree

Note: Agree at 1.51-2.00, Neutral at 0.51-1.50, and Disagree at 0.01-0.50

The table above shows that 136 students participated in evaluating instructional
media based on format and content. Most students expressed positive opinions, confirming
its effectiveness in enhancing learning. Regarding format, 79.4% found it engaging and
innovative, while 97.1% believed the content was sequential with appropriate timing. Most
students agreed that the visuals and language used were clear and easy to understand,
aiding comprehension. For content, 97.1% considered it modern and engaging, while 91.2%
noted its concise and straightforward presentation provided a fresh perspective on ethics
and morality. Additionally, students found the media creative and useful for wider
dissemination. The positive reception highlights its potential in cultivating awareness of safe

technology use through modern instructional approaches.

CONCLUSION

This study emphasizes designing and testing instructional media to prevent unsafe
technology usage, particularly in Bangkok, where technology usage is high. Behavioral
analysis revealed factors like technology literacy, attitude, and motivation influencing
students' learning and decision-making. The animation-based media effectively addressed
real-world issues, including exam cheating, online gambling, and digital fraud, using
interactive storytelling and case-based learning. For instance, in one scenario, students were
presented with the consequences of sharing exam answers through messaging apps,
reinforcing ethical decision-making. Another scenario illustrated the risks of online gambling
through a character who faced financial and academic consequences.

Instructional media proved instrumental in enhancing knowledge and fostering
understanding. Its development must integrate knowledge, awareness, and participation
from students, teachers, parents, and relevant agencies to create a safe learning
environment and deliver sustainable societal benefits. Moreover, instructional media
development should be continuous and involve collaboration among educators, students,

parents, and relevant agencies to create a secure learning environment and mitigate
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technology-driven crimes. Enhancing online danger literacy equips students with critical
skills to recognize and prevent cyber threats, fraud, and digital exploitation. This foundation
is essential for preparing students to navigate evolving technological risks while fostering

ethical responsibility and resilience against cyber-related offenses in education and beyond.
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Abstract

The society is facing the problems from epidemic and economic crisis causing stress
and inability to find a solution to tackle. In many cases, the use of long guns to commit
suicide has been increasing. It is impossible to use hand to pull the trigger. Shotguns are
weapons that can be held by the public. In this research, the distribution pattern of the
amount of particle and elemental composition of gunshot residue were studied by using
big toe pulling the ftrigger. Scanning Electron Microscope/Energy Dispersive X-ray
Spectroscopy, SEM/EDX was used to analyze with one-way ANOVA analysis. By using two
types of rifles, consisting of the Baikal shotgun and the Remington .308 rifle with four types
of bullet which are Rifled Bullet, Slug Bullet, Birdshot Bullet (80xBB) and Buckshot bullets
(Ninth mm). It was found that the number of critical elemental components of GSR particles
after shooting a gun from different four types of bullets compared to the same type of
bullet in each interval after the shooting ranged from 0, 2, and 6 hours. In the same kind
of element, the %weight values did not difference. And the particles characteristics from
all four types of bullets found that the shape was quite circular and peeled orange. It
shows that during the three periods of sample collection, important elements- Antimony
(Sb) , Barium (Ba) and Lead (Pb) were used to confirm that they were derived from a
gunpowder after firing. The application of technology in the analysis of evidence in legal
cases enhances the credibility of physical evidence and contributes to the determination
of the defendant's guilt or the affirmation of their innocence in the field of forensic science.

Keywords: Gunshot Residues, triggered by big toe, Rifle
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Tassadamanennuarlasaadaadfnulumsihdudu fefuvaromelulad lidiezdu
AAS, ICP-MS, SEM, SEM-EDX, GC, HPLC Tneiaesiiofigninanldlunuidediluajdo SEM vio
Scanning electron microscope (JundaiganssAudiannsaunuudsinsin Ifdweneuinndd
ndesqanssaiialy viliiuagusng dnvar dugrunarlaseiswesingnenu ldegsdaiay
wavdeyaiilsazdielusuiuddinemansiduogiann wag SEM Ssnaduisfimanzaniiodld
\iespysndnuniveseunainuuuiaege fannsoldmanuduiuiamng dugiuinet wae
Unasinesddseney wieltlunszuiunsdvanluad Affonstudunifides (vachon and
Martinez, 2019) Ingannsuidereunting élsdoyadeundsiiuvosassznavefiunisiinuiu

dlvgfluuinifnimeg m1umn3199 1 (Shrivastava et al., 2021)

] a N o al 2 § & Ad a
M19199 1 a1sUsenevetuvsdnnuludiulvgluiuniifome

d1sUsznavatiunid udsiunan

Lead anazm (Bullet) wazyurusnenszauiy (Primern)
Barium WuUensyauy (Primer)

Antimony muauﬁwmsqu“‘ﬂu (Primer)

Copper NIz

Copper nseau

Iron a1ndeavesti (Barrel) uaggnazia (Bullet)
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Chormium
Nitrates

Zinc

Nickel

Sodium nitrate
Mercury
Potassium
Magnesium, aluminum
Cupro-nickel
Zirconium powder
Tungsten

Tin

Strontium

Stannic oxide
Phosphoric acid
Mercury fulminate
Mercury

Phosphorus

a o

AU (Propellant)

fudu (Propellant)

WINTEau wasyuIwnensegudy (Primer)

Nickel ﬁLﬂﬁauaguuUaaﬂmzqu
WuUvensyauty (Primer)

YuUvensyauty (Primer)

Audy (Propellant) kazyuauvenssaudu (Primer)
YuUensyauty (Primer)

Winsyau

374 (Reduce) Tuufjisen Oxidation-Reduction
annszguluy

Uaannizeu

moandlawes (Oxidizer) Tuufiisen Oxidation-Reduction
foandlawes (Oxidizer) luufiizen Oxidation-Reduction
meendlawwes (Oxidizer) luufiizen Oxidation-Reduction
1n95viUn (Explosive)
95¢10n (Explosive)

Uaannizeu

Maganese 30 beryllium \WoLnas (Fuel)

Bronze %158 brass Uaennszau

a

ndpsganssmiBlanasounuudensin wie SEM Wuedesdlofivaglianunsaueaiuing

q

flowmdndldasnsaseaiumeniial dusz@niamuinniindesganssauuuusssun tned

13 ]

Adsveegedie 200,000 i Tunisviauresasezilunisldduadidnaseudensialivy

v
A a U 1

NURIYBIAIDE19 (Surface) HadwsANawTiLazlin LUy 3 18 Faduisnlasuniseausuindu

ﬁﬁﬁuaﬁauammu&hmﬂﬁq@ &7 EDX 8139ni58n8nUkuuin Energy Dispersive X-ray Analysis
duwmatansinneiiondeufduiusvosunasiuidnfsdiond Wlddmiunisiasei
afUsznoulaliviosinuesfigts nanfeiduisfifiarmdume wnninisdulaimun ey
SEM/EDX Faduisiamnsoueaiiunimeyniasifiunannsdsduldmendesqanssml
Siinnseunvudesniin deuansnarfuninuuy 3 ff Aeannsnifuoyniaty q Haeuniis
ArueT wazarwanldededniou Snvsstanansavenruiaveseyneviefogneiifesniamay
sudiiovessniifiegluoymeatiléde X-ray (EDX) Tnsmafin SEM/EDX awnsaiiasizsisnn
#a 9 Tenanesnlunanfedtu nglidiiadasdeaduamesmazia (Pb) wuidoy (Ba) vie

a

a3 (Sb) Wil (Schmid, 2016) Mneddeiignifusilul a.a. 1982 Tag Samarendra Basu ¢

Anwanvazianzredlasaiieyniadifiulu lnegusiseuniavesuiduainauldewds

anwazvetuihululdeanundu 3 suuuu Al
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1) sunssnay Suuasaudt 1-10 Tulasins
2) Nodular Spheroid #3aauniansnaudn n1geguuaynansinaslvg
3) peeled orange 3eRBRURaNFUTIInINASTINAIAzLUS B Uy

wnunan Inedinzmdeusevsgneusnilutusesiu (Basu, 1982)

2) muAdeiiendes

2.1 Romano et al,, (2020) lavinn1snaasinisdaluainnszauussinn Lead-free #3e
non-toxic ammunition (NTA) 91u2u 3 38910k USUA GECO wag Fiocchi taevinn1sfnun
dnvaresrusznounuaiivessnuazdugiuveseynia lagldinaiiandesganssmididnasou
doansasaufumsiiesensdidnduuunszanendsau (SEWEDS) vhmafuuinfuliuainii
UasnnszauuazievesgBandsninmsnaaeunsds lnsflenanatassiuau 6 auiidanszau 2 e
dwiuusazUszianueanszau wuiteyaaanusAudy (GSR) MAnannszauvdasiie 4 nu
swpsAUsEnoudsiiy egfidlow, Tnunadow, 3anou, dusdy, ey uazdingd uenainil
fanweuAmMuTetayA GSR vullevewBilutianaidud 1 fv 6 Halumdiannsde wud

aun1A GSR A1nNNsequisauviliainageudmanuuuiievesdalaauds 6 Talumdeainnisds

9 9

o
v A a a a

wardnuguresoyniafiny ffsiuRaiou Adenduuasnuaumansnaidn inzeguusynia
nsnaulug)

2.2 Mingchanid (2017) 1¢v1n1531A518 AU UAUE AUFURUS SenT19UT U9
peAUsTNoUvRvUuAUYIIama8unIe Friedman test wul1 USunauvsinUuivsunm
anategalidedidnynieads nadunisinwivianuduniusseninelsunusinerusenouves
s ufuiiaamdsBatou 6, 8 uag 10 Falus naaeulaeldenistiu 9 uu. wagnszau 2 ¥in
fio 1) gnnszauinmeauasiungia 2) gnnszauineis Tneiiufegnsnilesaesdns viinm
wdsile uazdile wazihfegiildlunadeusienias Inductively coupled plasma (ICP) uaz
VAFRUANUAFIUAIY Friedman test wudn YsunauusinuiivsunuanategsidedAgnisada
Fenauideinui ssesnafud 6-10 dalusy SnadeUiinusnessusenouiing vl <l
anunsadusuiegaiiiuduiienufedeatunisdedi 9 u.”

2.3 Ratchakhom (2021) IéimssuifisueyniaveusihAuduuuiiniondanised
seordefiunndnsiu domadandesganssmididnnsouluudeansin (Scanning Electron
Microscopy, SEM) wagiU3euiisuusunauinduiiuvudegiadiniendnisbafissosnisbad
UWANA19AUY AremadalongtsdaluninsalnUuuunseanenasanu (Energy Dispersive X-ray
Spectroscopy, EDX) T%Enqﬁﬁuwnéy’uﬁaﬁmiuﬁa 20aL58% WA 380 17 TNSHIaVILA 6 TYEY
oA sveeUsslin seoy 5 wns sver 10 WAs Svee 15 AT vy 20 WAS Wagssey 25 wes tny

wuinfisverd 25 was Jvuineyniafilugfign Wity 4.17 luaseu uasfissesussdadivunn
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'
=) 1

aunAan?iagn Wiy 1.10 luaseu Ysunasinesdusznoundn 3 519 liun weudludl/wads (Sb)
wuiSu (Ba) uazmzia (Pb) Aszezda 5 wng dUSmnamuiFoumndian wazfiszey 5 lwns nu
Wesldusinvesusihdudumniige Ao s1aueudlud/mada (Sb) indy 7.37:3.08 s1nuuis o
(Ba) WU 110.25+4.81 Wwazsigmzia (Pb) WAy 27.55+ 8.59 wazidlefnwiiszey 20 s
WU UsunauahAuluanas
s2ilyuiside

1) Junaulumsise

1.1 Bs¥ugmalaiiia Remington .308 vssynszaulaila (Rifle) Tagldialis (fuih) wilen
In sdenfivansiidliaonsinlngsln mnifunsegnideniiomienln Buifuasuiuiindsds i
2 vsa T 1) Ushamiuii 2) ushardui audiiu Gaeasfesnagn 9 (Stub) 20 ased

ANUILAB L)

A 4
2.

a1 sﬁLLqumsmamga'ﬂuﬁlﬂumémaaq

1.2 BeBugneeaiien ussannazqugneesgnlan (Slug) Tneld il (uwi) wilealn i
donfivaneliaemiulngsln mndunseanideniiiowidenln Sufuasuiuingsds v 2
vsadldun 1) usnamii 2) usnadui audisu (aeezdennen q (Stub) 20 ASed
RITAINEElM)

1.3 vhinded 1.2 Tnedsudunsyaugneasgnusie (80xBB) (Birdshot)

1.4 vinddioft 1.2 Inewdswunszaugnuasgniindin (Buckshot)

1.5 Bstugnalaiila Remington .308 vssynszaulaiia (Rifle) Tagldialis (fuih) wilen
In fdenfivareialiaendulngsln 9indunszgnidenidiomiedln seaunsuszesinail 2
Falus Fufvasudnaudu fiu 2 v 1. vinawiui 2. uSnadwi ewdidu (ee
Jzfosnnen 9 (Stub) 20 ASsiFurtaieai)

1.6 BsBugnueaiie usTanszaugnuesgnlan (Slug) Tagldialia (uwin) wilealn sin
\Fenfivaneialineminindtln ndunszanifenieduln seruasuszesnanit 2 $alus By
asud R Lty Wi 2 USoe 1. uShamdiei 2. ushadui aaudidu (asavdesnaga 9
(Stub) 20 Adsiiumnafeain)

1.7 vidndedt 1.6 ImaLﬂ?iaul,fluﬂszquqﬂeuaaqﬂﬂiw (80xBB) (Birdshot)
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1.8 Yiendioft 1.6 Inedswunszaugnuasgniindin (Buckshot)

1.9 Bsthugilaiila Remington .308 vssynszaulaila (Rifle) Tagldialis (fuih) wilen
n fadenfivaeiilvaoniiulnsln ndunsegnifenifioduln seauasuszesnand 6 dalug
Bufuaruieituty fiu 2 Bow 1. usoasiuh 2. et susidu (aeazdenag
(Stub) 20 ASsfidumiadiendv)

1.10 Bstugneeaiir ussynsvaugnuasgnlnn (Slug) tagldinlil (i) wilealn s
Fenfivaneialineminindsln ndunszanidenieduln seruasuszeznani 6 $alus By
AsuthAuy U 2 e 1 uShaminein 2 vnadih susisu (aeazdesnagn o (Stub)
20 Adsfisumadietiu)

1.11. vhedod 1.10IﬂElLﬂa‘lﬁlmﬂum%jugﬂ"ljmgﬂﬂﬂﬂ (80xBB) (Birdshot

1.12. vgrdedl 1.10 Inewdsudunseaugngesgniinda (Buckshot)

e S 1 \
] & o \ v ° y 2 W | A 9 &
AN 2 N3 stub Lﬂ‘Um']aEJ’]\TU‘L!ﬁ‘LJLVl"ILLE’I%‘VHﬂ"liUiiﬁﬁaﬂa@ﬂLﬂUW?@quLW@ﬂ@QﬂUﬂqiﬂULU@u

1.13. thehegfildluiaszvisemaiia SEM/EDX
1.14. w3 eu0g19ianun 24 faegrenoudaios SEMEDX 38n15lun1siasied
fog1aieIAses SEM/EDX delu 1 fegasyingmun 3 91 Inegldinds voltage dmsu SEM
Sudud 15 kv
2) w3pefien1sise
2.1 Ndps9anssmIBIanATouLUUdDINTIA 38 SEM $1 The FlexSEM 1000 Il LahAIed
AR5 sis1nesaEEnd (EDX) e AMETEK Tngénsdaunmsgiu ASTM E1588-20 Tunisiinsies
FregraihAuliu wie GSR mawlsusegeteudnaies nsldeueser waznsiaseina
2.2 Busmladla vu1ndindes 26 T u Remington 700 vsf ss 308
2.3 Yugnueaifien BAKAL JuMP-18 EMK-M 1Ua$12 612 29 i U539 1 n vindindes
2.4 nyzauilu 4 ¥ila Usznaueie
1) nsgaulsifia (Rifle bullet) w1mifn 9.1 n$u §3e PSD (Poongsan Metal
Manufacturing Company Ltd., Seoul, Republic of Korea)
2) nszaugnees gnlan Slug (Slug bullet) ¥1a 12 1na 8% Thai Arms

3) N3zaUgNued gnusny (80xBB) (Birdshot bullet) vun 12 1n9 B9e Thai Arms
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¥

4) nsrgugnees gniindia (Buckshot bullet) 1u1n 12 103 §90 Thai Arms

2.5 Carbon tape 9u1% 8 dadluns X 20 LunAg
Tngnsunisiluldeu éin Carbon tape wuin 5 fadiuns X 8 fadiuns tagkuzasuuunuaniy
14lunng stub Liufegns

2.6 viuwiUaey $1uu 6 Fu YiAnuaze iy absolute EtOH fow/mdsnisnaasd wa
\fiu blank sample TnaLdanld absolute EtOH 1 83310 absolute EtOH faruaunsalunis
avanelusfu iy wazdandsnane 167 Tnefharldlunsianuazennaiesdiolufomnass
y3olugnamnssnfiosnisnuazeIngs Wy msvhauazetnfiufiafidosnismanideenis
Uuitouandandsnuioansiadisng 9

3) msaseideya

v
[

annnlglunsidedne

L a

3.1 MIIATIVEDATINTIUWT (Descriptive Statistic) lon ALade (Mean)

3.2 MIIATIVETAEeULU (Inferential Statistic) NM1snageUUIgUWEUUTIM L3

Aulunnsrnuanindldmietlnannszguiuriiaieiu uazsseznaniameg laensinsen

AMULUIUTIUNAED (One-way ANOVA)

NAN13398
nmsneaestumsiivdiregiuvinAudundiainnsdanuinaminiuagd i lny

ey % Weight vadsmasdusenaudfsy waviUSeuiieulussesiian 3 923 Nvinns

Y ' J s o o A = = Y

LUAIDY1N WUIIFIADIAUTENDUAIAYNNULINT AR AD 519 RzN1 (Pb) 519NWaI3 (Sb) tha

SMUULTEH (Ba) MuaAU Asloyalunisad 2

M19199 2 WiuiiguAnade % Weight vess1neiaUsenaud1AyiurlinveInsyauuazdanial

% Weight va3519asausznauTuusiazdawamn

5M9eAUsENAY vianszgu B = B
0 Talus 2 L9 6 Tlua

nsvaulsila 65.63 54.96 58.36

. NsrguUaNTas gnlan 83.56 80.55 80.63
5199zN7 (Pb)

NIzaUgNTDI gnuse 76.43 71.79 55.59

N3zaugNYes gniinuin 77.98 83.03 60.08

nsvaulsila 6.93 6.83 11.07

N3EaUaNTes gnlan - - 3.19
51AWa4 (Sb)

NITguUgNYes gnusne 4.94 5.12 6.27

nszaugnyed anyingin 3.21 4.9 3.34
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nszgulaila 5.26 - -
. NIrguUaNTas gnlan 35.74 - -
519HUL3eY (Ba)
NIzguaNTes gnuse - - 2655

NITEUYNYDY QﬂLﬁj'lLﬁﬂ - - -

1Y

'
al % 1

wuniii 1 uansliifiuinsinesduszneuddgiinuandedsitiundsiusyeznanly
0 Falus spedUsznauTignwusniianlunszauia 4 vin fe s1mez (Pb) IeiFosdiduann 1)
NrauaNTes gnlan 2) Nsxquaned aniiuin 3) nsvauaneyed gnusie (80xBB) uay 4) nsvau
l51ila 51m@adUsENoUTInUTesAINIAe WA (Sb) Fanuly 1) nszaulaila 2) nsvqugnees gn
U318 (80xBB) waw 3) nszaugnues gnifidia diulunszquanyes gnlaalinunass (Sb) uay
suuSeu (Ba) nutanglunszaugninauaznszaulaflamiity

A A

WNUQHN 1 N1sTeuLTisuUSunALadY % weight vassmesrUsznaulunsyauudazyia

u

Syezan 0 92l
fszovian09”  2lua

100 83.56 77.41 77.98

Y]

L]
[o)
N
\O
N

=
n

@ 35.74

50 :

T2

<, g 6% 26 0 89 ¢ 21 ¢
25

= 2 O

LS A a -
o e & O & P
G NS & & &

S oS & & &
. g NS Q\p\aoi &u) Q\ﬂu}
W 59wz (Ph) i 519Wals (Sb) SMWHULSEY (Ba)

v A

wuQiif 2 uandliifiuinsinesduszneudifyiinuanmegrsiiundsinuszeznanly
2 dlas smasdUsznauTignuuinnigalunszauiis 4 wfa fio saameia (Pb) TaeiFesdrduain 1)
nszaugnyes gniindin 2) nszaugneed gnlan 3) nzaugneet anusie (80xBB) uay 4) Nxau
Ll aud1du s1needUsznaunals (Sb) wulu 1) nssaulsiila 2) nszquanyes gnuse
(80xBB) uaz 3) nszaugnues gniiden diulunszaugnaes gnlanalinunans (Sb) wazlinuse

aafUsZNaULUEEY (Ba) ndeginiividnUuvenseauis 4 i
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a

WNUDHN 2 Aade % weight vessnasAUsznaulunsyauwsazyiln Nszeziia 2 Tilua

u

Pszezian 29 Al ug

83.03
o 100 80.19 72.12
& 58.09
n
74
Q 50
o
£ @ 0 0 0 0
on
; \eé > a a o
Rz o &® & &
@D X 565 RN RN
e & RN N e
< < < < <
c
W 59z (Ph) | 519Waa (Sb) SMWHULSEY (Ba)

uunfif 3 wanslifiuintsinesduszneuddyimunnmesnaiiiundsinuszeznaily 6
las smesdsznauiignuusnnitanlunseauiis 4 wiin Ao smasa (Pb) Tnetdesdiiuain 1)
N3zauaN@ed gnlan 2) Nvaugnes anusie (80xBB) 3) nzauanvesgniinde wazd) nszauls
Wl auadu s1mesdusznaunals (Sb) wulu 1) nszgulsiila 2) nszquanees gnusneg (80xBB)
3) nzaugnees gniiia uag 4) nszagugnues gnlan aud1au dnlusinesduszneusuiiey

(Ba) nuianizlunseguanees gnus1e (80xBB)

WNUDNN 3 Aade % weight veasnesdUsenaulunsyauwiazyiln Nsseziiat 6 Talus

Pszwzian 697 Al U

100 82.63 77.94

s 59.39 60.08

[ 5 34.06

S 14.3 7.61

e 319 o . 3.34 ¢
KT &
; HE a;&\n? gﬁ? A,;;é? g’o@\“
L= & S <& ©

@

e}
& 3 .

= W 5ween3 (Pb) W §79Wa (Sb) 519U (Ba)
&

NTUIN15T4ATILTAMNLUTUTIUNINAEIT LA anARd sUTuusouazue1ss
asrUsEnaudAgINNITEaUNY 4 3lln Aanunsainuinsesilanmisiesialuil
A139% 3 ARdeUTnaSerazaesnnei (Pb) vesnsequiulsilannundsainnsdlu s 3

Pra381 Inglin1siasEiANUwUSUSIUNIGAED

AN519AUUUTUTIUNY NasIu 29AIAU ARAY Ve
- . o v - .o Adanen P value
[$91d]e] N189684 Wudssy GRGRR

FENINNGY 302.9 2 151.5 0.7337 P=0.5043
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nelungy 2065 10 206.5

37U 2367 12

M15197 4 AlefgUsunseuarvesnnadl (Sb) vesnseguiulsaiinundeninnisdslu s 3

Y381 Inglin1siasEiANUwUSUTIUMIGAED

A519AULUSUTIUNNG W& RNGRGIPREY F’]"‘ILQE‘%IEJ V aa
- . o . - .o Aaanen P value
LAY [MGRGEN iuodsy MGG
FEMINNGY 33.07 2 16.53 0.3286 P=0.7321
aelungu 301.8 6 50.31

Biphy 334.9 8

1NANs1e7l 3 MstUSulieudTnuAeds % weight ves519@sAUsENBUIINNST UL
adialurts 3 923981 AnresianuusUrumade nuisina % weight maqsmm?ﬁ (Pb)
nnszauduladlaluis 3 9a90a e F=0.7337 Sig=0.5043 uaza1nA9197 4 USuns %
weight Y8359 Wa4 (Sb) &A1 F=0.3286 Sig=0.7321 FawudAuinnin 0.05 wanedn Usune
194519922 (Pb) 57AWA23 (Sb) 9nnsrauiulsifladinundsarnisBadusis 3 9200an iile
wWisuiisulusiguiaiertuiidedeuiinm % weight liuansnsiu Tasnszauiiulsiflany

wuLSey (Ba) Tuszezinani 0 drluawintu

M19199 5 AedelTinusesavvessnnyil (Pb) veanszguiugnuesgniasinuvaainnissely

719 3 9291381 8 lEN15ATILNANURUTUTIUNGFL

AITNANUMUTUTIUNNG HATINAIAY  B9AIAIY Aady v oam
- - . AdnsLan P value
891300 ] 949 Lﬂuaaiz RGRGRN
FENMINGY 7.978 2 3.989 0.4062 P=0.6809
elungu 68.75 7 9.821

U 76.73 9

INANTNN 5 WTsuiisulinaseuazvessnnena (Pb) annseguiugneas anlan Tu
3 3 981 egldmsiasziannunlsununiafe) aadaeWiidy 0.4062 syaullodfgy
NMADRIINNTNAABULYINAY 0.6809 FINUINAILINAIT 0.05 LanII1UINIUALRAY % Weight

V095093 (Pb) MNnszgulugnees gnlaavinuna 3 Yasan hiwanseiu uagnuiteena (Pb)

a a dl

HUSauignasIInUINTian mumeluiies (Ba) uagnads (Sb) laenuuuises (Ba) luszeziian

a

#1 0 ¥las uazwad (Sb) luszeziiand 6 Tiluawiniulunszaugnlon
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A15199 6 NMsLUTeuLuALRAsUTINNTRYAYRIsIMNEA (Pb) Yaansraulugneed gnusie

(80xBB) 19 3 1191381 taglan153AT1EMANULUSUTIUN AL

f1519AuLUsUTIU WNas 29A1AY Al AEOR
= o < a o o PValue
N19LAY MGEGRE Wuodsy GEGRN Lan
FEMINNGY 59.71 2 29.85 0.7662  P=0.4881
nelungu 428.6 11 38.96
39U 488.3 13

A15199 7 AsiUTeULguATRAEUS IS aYarYeIsIgNale (Sh) veenszaulugnues gnuse

(80xBB) 714 3 A14+7a1 e ldn153AI1ANULUTUTIUNGLAEN

M1919A2UUTUTIUY W84 NAIAINA ALRaY ANEnn

NG YN Huddsz  asdes Lo P value
FENINNAY 4.501 2 2.251 0.4640  P=0.6430
elungy 43.66 9 4.851
EREY 48.16 11

*fudfyneadffiszdu 0.05

A9 6 IWTsuiisulTinaiesaruesinnzia (Pb) :nnszaudugnees gnuse
(80xBB) Tusts 3 92aiian Tngldmsiimseiauudsusiumaien Senaafeniifu 0.7662
seRutuddynsadfannnismadeuminiu 0.4881 danuindaiuinnda 0.05 waneiuTua
Flads % Weight wassimmeia (Pb) nnszauiiugnues gnuse (80xBB) finusis 3 gaaan
waneeiu TnenuwuiSey (Ba) lusvezaanit 6 daluawidu wazanmaed 7 wWisuieuuSuna
Souazuss AN (Sb) Mnnszguiugnuse (80x88) luits 3 Yasiaan Tneldnmsiiasizvinany
wUsUTIUMNNLAEN SA1adfewiviify 0.4640 SeAUTBEIAYNNATAIINAITNAFDULYINAY 0.6430
Fanurdlenannnit 0.05 waasin USinnAiads % Weight vessinueudlail (Sb) :nnseauidu

anu31e (80xBB) Ninuns 3 Fagvaan laluaneineiu

A15°99 8 MaLUTeuiieuradeysunasevazuessinayia (Pb) vesnszaugnyed gniinda vis 3

97391781 Igltn15IATIEIANULUTUSIUNWAEN

M13519A0LdsUTU WasW 29A1AY ARAY AEnR
= o o I a o o/ P Va lue
N19ULA2 GEGRN Wuddsy N1a%84 Law

FENINNAY 242.182 2 121.091 5015  P=0.039
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Abstract

The purposes of this research were to 1) study the cognition level, attitude level and
knowledge of the Kratom law new edition (the Kratom Plant Act, A.D. 2022) case of Kratom
removing out the fifth category of narcotic drug 2) study the comparative cognition and the
level of knowledge of the new cottage law new edition (the Kratom plant act, A.D. 2022)
classified by individual factors. The research method is quantitative research. Research
population is undergraduate student year 1-4 faculty of medical technology Rangsit University
500 people. The study was a questionnaire survey method. The findings revealed as follows:
General knowledge about Kratom Plant student attitude toward of Kratom removing out the
fifth category of narcotic drug and knowledge of the Kratom law new edition (the Kratom Plant
act, A.D. 2022) of Kratom removing out the fifth category of narcotic drug mostly overall found
moderate level. Factors is age year of study , domicile and having participated in drug-related
training courses affect common knowledge about Kratom plants are different. Statistically
significant at the 0.05 level. Factors is having participated in drug-related training courses affect
student attitude about Kratom plants are different. Statistically significant at the 0.05 level.
Factors is having participated in marital status and having participated indrug-related training
courses affect student general knowledge with the new Kratom law (the Kratom Plant Act, A.D.
2022) are different statistically significant at the 0.05 level.
Keywords:  Cognition , Attitude , Kratom removing out The fifth category of Narcotic
drug , The Kratom plant
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o8 (AzLUU 0-4) 143 28.6
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( X =5.68, S.D.=2.518,Min =0, Max = 11)
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A9 3 S.D. wlawna
18.vuAnluswian Wwnszvienasiduiinirsegiavedine wuderdudu 411 1.94 669 Uunan
YNNI
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o8 (ATWUY 0 - 4) 9 1.8
YJ1unane (AzLUU 5 - 8) 381 76.2
110 (AZLUY 9 — 13) 110 22.0
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sgAulunae Segay 76.2 sedasunagluseiuinesay 22.0

nan15ITunuTngUssasdi 2 Saquszasdi 3 uaz Smquszasddl 4 ednwSeuiiou
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ANUAITIIN 4

P = ) 13 av A
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iidwn P=.031* P=.875 P=.224
nsiaelAlTIATEUTH P=.000% P=.024% P=.007*

VANgASNNLINTUENaNGR

* e SeautlydRyn1eeda P<0.05

N7 4 anansnedune T

1. namsAneIIRgUssasAd 2 nuindeyatiadudruyana Adulumuanuigm liun eng
sefuiulimsine glidiun uasmaneidrumssusimdngasiiieatusiand

2. nan1sAnwTnqUszasdn 3 nuideyatiadudiuynna Mdulunwansiigiu leun nsiee
\ihunseunmdngnsiieiueand

3. nan1sAnwITAgUTEasAT 4 wuindeyatadudiuyana Mdulumuaundgiu laun

A0TUAINNITANTA WazNISABINITUNTRUTUNENER ST UL aNRER

aAuTENa

NaINNTATeTngUIzasdd 1 ileRnwiszdunminnuitila Wauad wagauirenguane
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Abstract

This research aims to compare forensic investigation systems between Thailand and
other countries, analyze the advantages and limitations of each system, and propose
recommendations for improving Thailand's forensic investigation process. The study employs a

documentary research method and comparative analysis of forensic systems in Thailand, Japan,
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and the United States. The findings indicate that Thailand primarily relies on the role of the
police in forensic investigations, whereas countries like Japan emphasize the involvement of
specialized medical professionals, and the United States focuses on judicial management and
mixed systems. Furthermore, the study identifies issues related to personnel and resource
shortages in Thailand, which hinder operational efficiency. The findings highlight the necessity
of establishing specialized agencies, developing personnel competencies, and investing in
modern technology to enhance the effectiveness of Thailand's justice system in conducting
post-mortem examinations through the application of forensic science principles.

Keywords: Post-Mortem  Examination, Justice Process, International Comparison,  System

Development
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Abstract

Arson is a serious crime that can cause extensive damage to both life and property.
Identifying evidence to link suspects to the crime is, therefore, crucial. Detecting fuel residues
provides valuable information for establishing connections between evidence and suspects.
This study aimed to investigate the presence of gasoline residues on various types of fabrics
using Fourier Transform Infrared Spectroscopy (FTIR). Specifically, 50 ul of gasoline was applied
to six types of fabric samples: raw cotton, linen, nylon, polyester, rayon, and Italian silk.
Gasoline samples from each fabric were collected at the following time intervals: immediately,
1 hour, 3 hours, and 6 hours, and analyzed using FTIR. The chromatograms identified the
presence of gasoline components, including benzene, toluene, o-xylene, p-xylene, and
ethyltoluene. The results showed that gasoline residues were detected in all samples even
after 6 hours of exposure. Additionally, the amount of gasoline detected in the samples
tended to decrease over time. This research has potential applications in detecting gasoline
at crime scenes, thereby effectively aiding investigative process.

Keywords: Arson, Gasoline, Fabric samples, Fourier Transform Infrared Spectroscopy(FTIR)
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nfiulaniidnuasifureanaiddiiondt Vesideu (Petroleum) veawainiiniusznouluse
1glnsA1suau (Hydrocarbon) wasmsusussmaufiasideusefuiuaslefidnnuenunnmadu Ty
Twanavedlelasasueuifauenuandistutuasiiauausiuaswginssudunndtat ¥iild
ausausneandntuld lnserduanuunninswesgaidion fdumannsausnagleuiazaue
ponnfuld Tnenisnduludnuwmzdeglusuveanisndutigiu (Oil Refinery) Tnstisiufuaglésy
anufounazaneliiiinnuenuaniiuazgnAsoeninaua i uveseamnilunsnaedule
wuTanelgfdarsuouoraen 7 62 (CHye) 89 11 &2 (CiiHpe) %Qmj’mwamﬁ’uuaﬂ%ﬂuﬁwﬁu

WY (Gasoline) AnvanURnddgyvesiuuudulunisiduinduiainds (Pramote Chaiyawet,

70



NIENIVINTDwY I ez diIemans

Journal of Criminology and Forensic Science

2005) #o figaulifiguuniives iWefinrsanganulnasnuihsfuuududanulilngadefiey
futifufiwadidgaulnuinndt 60°C Tsazdaiulalieiniiun wasdidrdgrasnisiala
(Flammable range) fiawlasiduduasloluoinia Tneusunsiaunsanelfidanisfaluld wudn
ihifuiwuduivasnsnlalsswing 1.4% - 7.6% Faandifuimnanududuvedlotfuouiuly
omeluadesiduiiimunaunsodalilifonmgivesganuly lnsgumgivesyadal aziivag
260 - 426.6 °C YrnshnlnazdvBINATTuLargamn Tyl sRRlWAeTY Fadu n1eil
anAnlifesUseneuludisesduszneu 3 dau (Samrerng Chakjai, 2001) e 18 ounds (Fuel)
99n%1au (Oxygen) WazAu3ou (Heat) luannzfimnzauudalvindsnusenunluglvesndaay
AruoulaendIULAsEig Ssasddsenouvesiiiuuans Tngldsuanuimasunesn uenviioan
padUszNaUfINa1Nudaesesiufizengnls (Chain Reaction) vesmsdund nanfeidiodeimas
iumnufeuanmaiiaienielefiiunnneiazinlwlfuariioondiuluenalifiinit 16% A
wwfndu luanavendoimdzunndanduluanafifvuindnas 4 ausvsanidufsudagnlnd
serdostuluidugnlddeaninsauansesdusznevvesnsinludiduimudianindvedesiulufy
gnlgunameuas ietuntsdumuiiagvgaas
nanudusnuasauddyineiu FlifeadlafiesAnvnisanafiguidituuniuug
fsnsfindu Tnonsldiasesfieinermansfie Fourier Transform Infrared Spectroscopy (FTIR) 34
Dumedafild@nwmyiladduvestuana Ingerdendnnisiieriunsdu (Vibartion) vesluanauss
SunsILIATenan (2.5-25 pm) danudnsedunrminisduvesiusylamiiaudluluanavesansili
foyarsludsnuninuandiinu lnsardnnedldtinslusurends voana uasfe fasan
wadlaifinruivalio 53037 wazanduneuvieasiadifidedd ethludundnguddgively
nsdvausazldlunssuiunisefsssusioly
IngUszeeA
1) ensaiigataunsegvosiduuuduuuindsiiadu Tnemada Fourier Transform
Infrared Spectroscopy (FTIR)
2) WeAnwiszezarlunsnnanvifuuuduuudiassdadu Taswada Fourer

Transform Infrared Spectroscopy (FTIR)

NSAUKUIANNITIY

/il




fnUsAu RIRIFIREY

161710819 6 vilm NAN13ATIAINFIUAINAIDEVD U
(Fthefv Andtu dnluasu dlndleawes Husuay +——> WuFuUNAdssiany
a1 lvasna)

2,538 kN IATRNg U UL

(TR, 1 L0, 3 TIla9 by 6 T2Lu9)

AT 1 NTBULLIAUAR

NUNIUIITEUNITN

[
a =

1) @auwmdeuln AnunuevaIanin Wl (Fire) LHRNNNTEUIUNISEBNTLATUNLA AT UBEN

a5 azaoliles mliAsausoulaznaiaeeenuuINUIeesT1wanaeduly atTue

[

giu
Wowndadallauandfanizdmisaduanaaduaiuaisusenavluonds n1siiinlvlazdes

Usgnaufeesnusznauteamaiinli asaUsznaundn 3 Ussinnldiun

ihifudewas veanaaildannenduisufvudnisnuiulnunwlingauiunsld
s el dundsnulunstundouvenaisssudineslul vieldenlulssugpamnssy
i dniluniioleth Boiler) TWlumeuiedostuaumn Tulssugsdn Wlunsvianufou Tuas

a319 1Wudy Fagdnnuwazdeveiunaly (Pramote Chaiyawet, 2005)

[ a

Fanfaln Tnguiearsiawnsagndali deldsuanuounieuseneln lnedan usidu

YDINAT VOILDI NI0A

'
2 =

90nTau (Oxygen) YstnawenTudusddgfiniuaunisaning Ineviluudiluusseinia

o

JxfloandiauegUszanniesay 20.85 veseandiauiiaduayunisanindiiiduailwlddediogns
tenforay 15-16 WulUluvssema danuwuvuvetesndiauanattuisiosay 8 n1sanindiasilu

[

&nunizeenan (Smoldering) Aonsaniudiifusatu lifialwwasdeuaruresoondiaush
nieway 8 lnfavAuas

2) #1fre81e uwuseanidu 2 vfia wdn q Ae ddldandulesssund wazddildainnig
daasit Tadhildansssunaldun dihedu diinededule @useiheuiqnsuy 100% an

sssurIANaunsadasaais e luniun1swend drlukunszuiunsinnemeiasasinsausanuniu

'
a aaa

Warhaundduesugdadudsssuwd fnatu draviunanndulenlsunanndiduresduinand (Flax)

lgA171 allu W1 wasAudiisendn Linum Usitatissimun 1Jui3dnlugiugdnnudauss numiu

Y

a0

wazduinidniul 679 leannn1sdaasigiienn lnluasu B dd1uUsEnauYee woalatua

14 U ¥

(polyamide) usitailisnagAuniunuviowmaln Jan1sen Ae luasu (nylon) Wunaraiiniiléainnis
NITUIUNIINOALLDS LS19TU (polymerization) aadtolua (amide, R-NH,) Larnsadunss dn1siiiu
asuaal@n (filler & additives) Usziannstluduazluduiniuladale (sraphite & molibdenum

disulphite) flndieames narafniignivdaananuseulignuasumarsusududuledunse
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naunudulesssud Jyanudumadedfinumileawiu fuan amusesanineina lneasgy

a v oa

witlouliy wazdluudnd difndsTusnannduls  Indeanes (Polyester) YIdINIUNTEUIUNNT

718 MYLATBIINTIULAINBUEILAWANILFT 0NFITBISEANIINNTAaINIT BNluudna (Silk Italy) lne

Y

'
f aaa U N

vnesionnaiunnudvauded@oiniudulossud wikiduwd uiindleames AdRdud
adeilnlosssumAvingy Seluudamad agndntunandulsndleanes uidsansndesans
Iemusssumnadadulinsrodauindouuaziisnagnann

3) \A3849 Fourier Transform Infrared Spectroscopy e Lﬂéaﬂﬁaﬁiﬁumﬁmiwﬁfm
fduasdunigvieaiunid ilenmnaiianzimlasaiuazesdusznauvesluianasiuiumaia
9u 9 lngendemannisvosnsganduadusadvianatsdunsngm (Middle infrared region) Uszanal
400 - 4000 cm WeluianalsFundsnuainaauisddunsisafinnuinsaiuauivesnisdu
(Stretching) 38151y (Bending) Yasuszlaiiaudluluiana agvililuanadenaininnis
prnAuuasuaziimaasunlasalisusidag (Dipole moment) vasluiana Mniuniasiioay inen
AnuNLasian N v3enNEIAAY (Wave numben) ldnatiuaiuansy ddundaziussvomy]
larduaziansmnugAFuaNAaiy

4) snAdeiieatos

Carlos Martin-Alberca (2017) Anwimsiasuutamaaiivesveavaniianwlsvarguiad
mﬂﬁhumimuwﬁﬂ (Acid alteration of several ignitable liquids of potential use in arsons)
vouvaianlily wu 1Wewmas uoanesed uasfiuwes anunsalalumsneesannssuld wu ns
Munds fidermgindfinemanisuiudemauesntsznoumaed surialanansgnuan
MswasuLUasing 9 Wielifaansansiadu Suun uazszyldogiegndes nudmsiwasunlas
psnUsznaumaaiifianniian fo diiuuduuesfios fedmwaron1sinsesiniedfinermans
oehdlsfimu sAdedlatinsAnuviniaudsuutas lnsansisdneiingy 4 fenalelunimnandsesig
aviBon Tngléfiniafuveyaaiunasudeimaiia ATR-FTIR uay GC-MS TnewunanaesldlyaifiAndy
wagmsmeluvesansuszneuliusdiu wu mslalaslada mateameslatuvesiivives uazUjisen
daAladuiifidrusulunsdsunameaieanes ueanssed Alu uavansuszneveslsuiin
vouvafiialn veyatonafinuddyedisilunsssyanssdimanillfegregnios

Thananya Soonkum (2014) Anwin1smsrafigaitinsiuuuduuudifienasivesanuna
Iaemnaila Gas Chromatography-Flame lonization Detector (GC-FID) msmamﬁuﬂum%mmiu
fieussrianisineliAnanudemeiedinuasningdu idsnidaduavmvosaudems
11N3NE INFINTAUMIMENgIUNeIen L d exleslumdag nsgvinauianseiilaenn
fngusrassrasmsiideiifiensnmafigaiituuuiuuuddewssfidnandsemeda Gas
Chromatography-Flame lonization Detertor“Lumimaawaﬂﬁﬂﬁumu%uﬂ%mm 50 pl a3UUH

1 a o

fauavi MendsnisvenfiuuuiuasuuiilowasingTiuidelddinUsedriumudniuaiannuuld

T3




§9¥191U599 Activated carbon sLAvFegsvesiduuuduuud dauazidiluginaaidil iy
Magriuil 1 Falus 3 Falas 6 Frlusuar 12 9alua dandesieisienaia GC-FID 9INN1MAaes
lalasulawnsuiiaiuisaszyladnduuiduiuuduldun Benzene, Toloene, O-xylene uag

o a

Ethyltoluene dwsusiegnsiivandifliowasiFansranuiniuiuudu lneasianudsiuuuduuu

(% '
a =

F1dedsreIaIuIundT 12 99139 (1.60 ppm, 3.48%) WAKNduanil 3 93l (2.04 ppm, 4.07%)
wazuddhileavrunsdreianuazenandienaauddEinsansianulauiunii 12 2l
(1.60 ppm, 3.48%) A1nwIdedaunsainluvssendldlunisasrvmunduuuduluanuilifnme

waztduusylevilunszuiunisnisavaiuasvaiulaegeiiuseansan

521U8U35998
3N Ieiliiun1ideidmnaes (Experimental Research) Inevinisnstafigatiaung
agﬂisuaﬂffwﬁuLuu%uuuﬁwmwﬁmﬁ’u‘lmmwﬁﬂ Fourier Transform Infrared Spectroscopy (FTIR) 14
vhsfuiuududsuins 50 plIneld Micropipette nanasindegie 6 silaldun d1fefu (Raw
cotton), Bluudana (Silk), i1afiu (Linen), d1luaeu (Nylon), Bnlndleaines (polyester) wag HLS
goU (Rayon) YUnAWABLALAINAS 3.5 9.8 5.0 g, #al57an 0, 1, 3 uay 6 Falus 91ntiuth
Fro81981 s 6 wiaWy 2 nustuiu neuthluinszsisaemaiia Fourier Transform Infrared
Spectroscopy (FTIR) Famdeidlevhnsnaasstimun 3 6
1) msiususudeya
mafvTusdeyaildanuanisnaaes lnenuidedideldsuuuunmsiteidmeaassan
nafiugiegei ienmanmefigaiiniuuuiuuuiesiedulasmadayidesnaudiesy
Sunlsuseanlnsalalvaaoudl 0, 1, 3, 6 F2lus naftusegeiuiefignitifuuuduuuiiing
iinu Tngdsnsiiusall
1.1 fhshegnsnsiindi 6 9din tandadudmaeuiiuin 0 3.5 du.e1 5 B,
1.2 thindhegei 6 sdinumeniisuuuduiiviinns 50 ul Tngld Micropipette
1.3 thifdegsiivemintuuudundaficliiine o, 1, 3 uay 6 alus Wuades
AATgimewmatia Fourier Transform Infrared Spectroscopy (FTIR) v‘l’ﬁmsmaaqegﬁﬂmu 3 sgﬁ
1.4 difegsisiiatuite 6 vin ldveaduuniunnieseidemnade
Fourier Transform Infrared Spectroscopy (FTIR) a4 Negative control Tugnmennassisle
1.1-1.3
2) w3nsilouazanuiilunisive
w3nsflelun1s@ne3de Ao Fourier Transform Infrared Spectroscopy (FTIR) U Shimadzu

IRSpirit 898 Shimadzu d@uanunluns@ny1ide Ae vieslfuinis lsaseuwissosmsIvaunsu

1.7 ALATUNTIU B.AWNTIU 2. UATUSY 73110

74



NIENIVINTDwY I ez diIemans

Journal of Criminology and Forensic Science

3) a1sassideya lunsimseideyailldannisussaanadisneufinnes neld
wadayFoimaunlefudunsusaanlasaled TnsfineanBeamsinmsideyadsl
3.1 fayaanasunnsminmansaiigadanuiiuuuduuiiseiodu Tum
Aade (mean) Wagdrudsauunnasgm (standard deviation)
3.2 N33LATIeRad AT 0yuu (Inferential Statistic) \un 15U matayavinngy
fegreildniinszimeada eltlunssredsnsiuivesssns nemslfiedesiiolunisind

o 2
va o

nedeuaLuAgIufiasld (Hypothesis Testing) lunsBuguludsinieIdodedoauufgiuduinis
gneoavFelal GeinisldiaTesle Téun

3.2.1) @0 @ Independent t-test NAFBUAINUULANA 1Y 2 NG U (Chusri
Wonerattana, 2001:178) dwiuadaiildlunisiasizi agldnisnagaumiuuansiavesdiade 2
ﬂa;uﬁLﬂuﬁaﬁzeiaﬁu (Independence Sample t-test) u,a3miwmaauamﬁgmﬁizﬁummL%aﬁ’u
95% lagar¥IIN15MTIdaUAIANLUTUTIUVRILAAENg U o taeld Levene’s test MnA1
wlsumiwvestayawinunnngulvnegeuan t ade Equal variances assumed waganakUsusiu
Yostaya Wiwhiunnnaulviveaeusn t ie Equal variance not assumed

3.2.2) alAlATIzviA1LoW F-test il elUSsuLiBUTENINsALRA BYRINEN
fogsstaus 2 nguiuly TngliTivnaeue ttest uasmaFouifisusevintsdindevosndudosng
flnnnin 2 nay 14 F-test TneAinsnesisnuusmaiiien (One-Way ANOVA) nsdlfimnsudsusiuves
uiazngulaiiviiu nsdiwuauuansnsserise il s neadiisnsmduUsussrngi 2 ngu
uANE19AY 9vinnsnaasuAad 8318 Fisher's Least Significant Difference uaznsai ANy

wusUTIweusaznaulidwindulden Brown-Forsythe (B) lunsitasngyt nsdinfianuunnmnsediadl

q

'
v o = 1A

HedAgneadn Jwvhnsmeaeudused wegindelafiwnnaneiulagds Dunnett's Test

Y Y

2

3.3.3) @ AANA NN US DY 19918V N ST U (Pearson product moment

'
= a ¢ v v ¢

ANFUUSLANSANEUNUS UA1TENING -1<r<1

o w

correlation coefficient) Niszsiutivdfny 0.05 lae

NAN13IY

msnmafigaihiuuuiuuiiedaiulaemeianio maudlefudursusnadn losd
Tndvesindegniildnageu 6 aiia Ao ffhedu flwe da0u fluaeu dindeawes wasds
pou Ingazvhmsnaaeufindegmdmniiventsiuundulludwiug, ndaniventhduuuduly
&7 1 Falus, ndaaniveaisuunduluug 3 $alus, ndsenniiveninsiuuuduliuga 6 dalus
iy Tnediiagusvasd 1) Wessafigrinrunseguesituuuiuuuiisdatulasinaie
Fourier Transform Infrared Spectroscopy #3® FTIR 2) i efinwiszezaanlunisnsranuingu
wuduuurasviianulaemaila Fourier Transform Infrared Spectroscopy %38 FTIR m@fama&gﬂ

Aran1zlun1sIAserarsiieg1e lnetdenldiavad u (wavenumber) 400-4000 cm ™ v usd

s
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waian A taSId unsILIAY9INa1e 200-4000 cm! FapIesiianldanuisadasizulasinia 600

o L3

cm wALe997nT1NAINT1 600 cmt aslunavesalnasunlaaziinn1ssuniu (Noise) Naansvad

a

wiatla Microscope-FTIR 1udayaainasuvesnsiuiniiuninszils Inan1sinszideyaids

Y

auINUEVAFUANNATIY LAk @df Independent t-test, afifidiasizyiAen F-test Ingdinsnes
FUIN19LAYT (One-Way ANOVA)

Cotton-Bank -----
Cotton-Ohr -----
., 1" Cotton-1hr -----

100

! Cotton-6hr -----
B Fagnououougng | ——

%T

80 - N-H Amino group C=(C,C=N

C-H stretching (Benzene)

- - - : - - T - - - . T
4000 3000 2000 1000
S s cm-1

Ad 1 annduvesiniheRundennseaiisutuuduiing 0, 1, 3 uag 6 Halus

a1 dethiinawnefudihefuisunisweaunsuuududiousuiihefumndaain
Mswesthtuuududing 0, 1, 3 uas 6 Falus wanlduanddiifiviadnefuiiauuansneiudle
svovnaruly warfiafitinswdsuudasniineiundnsveaiisiuuudy de feauedu 2100-
2500 e, 2916 e wag 3000-3740 cm! Fsawmandidufinvostiniofundsannnisventing
Wwuduiingn 0, 1, 3 uar 6 $alus aziuldaniia 2916 e Aednuluisuuuduyiiugionan
shulumsaseguasthifuuniuayBsantosadiude muddy

thitraUnasugniineiudeunisnenuinfuuuduiina 0, 1, 3 uay 6 Falus U1IAT 1A
ANAGR ttest Y3 %T 7 wavenumber 2270, 2916 wag 3250 WU31ANAGR t-test 67 Sie. 0.04,
0.01 uax 0.03 fietiosninsedutbddymeadia 0.05 Ssaguldidioeateuesminduuuduias
fsheghvdmenintiuuududionan 0, 1, 3 way 6 $alua fiAadd t-test ¥09 %T 7 wavenumber
2270, 2916 Waz 3250 WANANAY 98 1NUTYERYNIIEDA

JATIZREIEAERR F-test U89 %T 7 wavenumber 2270, 2916 wag 3250 WUI1RADA F-

test &A1 Sig. 0.04, 0.01 wag 0.03 AAUeenitszAutud1AYNIEda 0.05 Jsaguladidednenau
76
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PYAUNNULUUTULATENAIDE1NAINEAUNL U UUT WL DAN 0, 1, 3 way 6 93lud UAnadm  F-test

o w

V99 %T 7 wavenumber 2270, 2916 Wag 3250 uane19nu ageltsd1Agyn1seia

Linin-Bank -----
Linin-Ohr -----
Linin-1hr -----
Linin-3hr -----
Linip-Ghr -----

/ V / COZ

N-H Amino group

C-H stretching (Benzene)

T T T T T . : T
4000 3000 2000 1000
cm-1

i 2 anmsuvesinatundsnnmsuentduiunduiinat o, 1, 3 uay 6 Falus

M 2 dewhiiraneduinatunounsneatsuuududieufuinadundminnsues
dsuuuduiing 0, 1, 3 war 6 4lus wadilduandifiuiadnesuiinuuandduiiosrovinan
il nagfiafifinnsasunlasaniadundenisentnsiuuuduie fatavadu 2100-2500 e,
2916 crn'! wag 3000-3740 cm! Feimmantiduiinvesinadundminmsnentiituuuduiinan o,
1,3 waw 6 alus awfiuldandia 2016 cm! Rafinuluhtuuudusihsudonariulunsaseg
younsuluLiuarBantosasiudenudsiu

ihitannsuiaduneunsueninduuuduiing 0, 1, 3 uag 6 F2lug AHAsEde
ANAGR ttest U89 %T 7 wavenumber 2380, 2916 way 3250 WUIANEGR ttest 67 Sig. 0.02,
0.04 uaz 0.00 fletiosninsedutbddymeadia 0.05 Ssaguldiioeaneueminduuuiuias
fseghvdmenintiuuududionan 0, 1, 3 way 6 $alua fidadd t-test ¥09 %T 7 wavenumber
2380, 2916 Way 3250 WanFeny agiitedAgyn1ana

ATIZRFI8AERR F-test 109 %T 71 wavenurber 2380, 2916 wag 3250 WUINAadA F-
test &A1 Sig. 0.00, 0.00 wag 0.00 HAUeeniNsAULEEAYNIEAR 0.05 Jsaguladindegenau

PYAUNLULUUTULATEAIDE1NAINEAUNL U UUT WL DIAN 0, 1, 3 way 6 93lud JAnddm  F-test

o w

299 %T 7 wavenumber 2380, 2916 Wag 3250 uANEAU B 9ltd1AgNIIaiA

i
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100 - Benzene -----
. ! . p— e " Nylon-1hr -----
H‘ My et via | i AR }  Nylon-3hr ---—--
%T | il o " g | | ) arAM] il
s W . We N lLamern
/ N v n [Sg] it
© ~ | WEKN Al
CH, stretching \ oy NP )
80 - \ A ‘
C-H stretching |
C=C,C=N
6{' -)
| . . - - I . . : - - -
4000 3000 2000 1000

cm-1

AN 3 AUNASUVBIRN IARUNAIINNITNE AT ULULTUTALIAN 0, 1, 3 WAy 6 Tk

Mnamit 3 dewirannduiluaeudeunsweaisuuuduiisuiugiluasundennis
weaUITUULBURLIaN 0, 1, 3 way 6 Falus nadilduandiiuinaunaduiinuuandisiudie
svovnaruly warfieitiniswasunamndluasundinsventinsiuuudy de fataundu 2100-
2500 e way 2850-2950 cm Feiiawaniiduiinveinluasundsainnsentnsiuuuduiina
0, 1, 3 uay 6 Flas auiulaainiia 2850 cm'! ﬁﬂﬁwﬂuﬁwﬁuwu%uwhﬂfmﬁanmchulﬂmsma&“i
younsuluuiuazdsandevadlugny audu

thitraUnasugiluasunsuniswemisuiuuduiinan 0, 1, 3 uwag 6 Falus 113ATIZsEe
ANAGR ttest U89 %T 7 wavenumber 2360, 2850 way 2900 WUIANEGR t-test A1 Sig. 0.01,
0.00 uax 0.00 fietipsninsedutbddymeadia 0.05 Ssaguldidioeaneueminduuuiuias
fshegnamdmentiuuuduiienan 0, 1, 3 way 6 $alus TANERR t-test Y09 %T 7 wavenumber
2360, 2850 taz 2900 WANENAY 98 19UTYERYNIIEDA

ATIZREI8AERR F-test 209 %T 71 wavenurber 2360, 2850 wag 2900 WUIAaDA F-

Y

test &A1 Sig. 0.00, 0.00 k&g 0.00 HAUeeninszAUtEdAYNIEaA 0.05 Jsaguladindegenau

PYAUNNULUUTULATENAIDE1NAINEAUNL U UUT WL DIAN 0, 1, 3 way 6 93lud JAnddm  F-test

o w

299 %T 7 wavenumber 2360, 2850 Wag 2900 uan19nu ageltsd1AgynIeaia
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Polyester-Bank -----
Polyester-Ohr -----
Polyester-1hr -----
Polyester-3hr -----
{17 | Polyester-6hr -----

8
1
2360

C-H stretching (Benzene)

C=C,C=N

- - T T T T - - T T T T
4000 3000 2000 1000
paper cm-1

AT 4 AUNASUYDENINELDAMDSUAIINAITNYAUNITUUUTUTIAN 0, 1, 3 WAy 6 T4

INANA 4 LA UNASUANINALD AWM NOUNISNEAUNT U UT W ASUAURNING 18

ANDTNFIINNITNEAUITULUTUMLIAN 0, 1, 3 WAz 6 97119 waf banansliiuinaunasuiang

'
= =

wanEIN Wl asreziantIuly wasfiniinisUasuUadannalnaLedn s naIN1srenI T U UT Y
Ao AALEYAAY 2100-2500 cm ! ag 2916 cm! Fafiaa1 il luiave NI ndLoanasuaaInnIsen
P uTUNIEN 0, 1, 3 kay 6 Tale azwiulsainiia 2916 cm™ Aanwuludsiuiuuduvintudle

warrhulunisasegveshfiuundulziantpradluiie auu

o

PIAAZUNASURINRLBANDSNBUNITNYAUNLULUUTUNLIAT 0, 1, 3 WaY 6 T UNATIEN
AIUANEDA t-test U89 %T 91 wavenumber 2360 WUIANEDR t-test HA7 Sig. 0.28 HAWINAINTEHU

WodAgn1eada 0.05 Jsaguladndndegrsneuneniduundusasindeg1mdmeniduu gy

Y [ a Y Y v 1
'

Wi912a1 0, 1, 3 kA 6 Talud TAEDR t-test ¥B9 %T A wavenumber 2360 Lukananeiy oen9dl

HYF AN IADRA

o

WATIZAMIYAIERR t-test YD %T 91 wavenumber 2916 WUINAEDR t-test JAT Sig. 0.00

v o Y @ 1 1

fiAdesnitseautiaddgyvneads 0.05 FagulaindidiegneuneninduiuugulasfAIeE19MaT

PYAUITULUUTULDIAN 0, 1, 3 WAL 6 TILUI UANEDR t-test VoI %T 9 wavenumber 2916 WANAS

i a1t AgyNIaia

v

WATIENALAIEDRA F-test 909 %T 91 wavenumber 2360 WUIAIEDRA F-test HAT Sig. 0.23

YY)

ANNNISEAUTYEN

[

eadia 0.05 Feasulainddegeneunemnduluudunazinfiog1mas

1
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PeAUNTULUUBULE 24981 0, 1, 3 wag 6 Talud UA1a0H F-test ¥99 %T 7 wavenumber 2360 L

o w

WANAY agNTuEIAYNINADTH

1 a

UATIZABANEDRA F-test 189 %T 7 wavenumber 2916 WuUIANEDA F-test dA1 Sig. 0.00

v v o W Y @ [

fiAndeeninseautiadfgvneads 0.05 FagulaindidiegneuneninduiuugulasfAIeE19MaT

o

PYAUITULUUTULDIAN 0, 1, 3 kA 6 T2Lud UANEDRA F-test 989 %T 71 wavenumber 2916 wWANAN4

o w

U agelvdAgyNsaia

Benzene -----
Rayon-Bank -----

Il — FRayon-lhr -----
Y / Rayon-3hr -----

abricRayon-bank! —

\<
3277
2916

80 (O-H group)

C=(C,C=N

C-H stretching (Benzene)

0
v T T T T T T T T T | T T T

4000 3000 2000 1000

AN 5 AlUNASUVDINLIYBUNAIINNNITREAUINULUUTUNIAT 0, 1, 3 ey 6 T3

i 5 dlethfinanndudinsseueunsweaisfuuududisufudseoundiainnis
weaLUITUULBURLIaN 0, 1, 3 way 6 Falus nadilduandiiiuinaunaduiiauuandisiudie
svpznavilulasfiafifinsudsuilasinfsseundansueninsuiuuduie finauadu 2100-
2500 cm, 2916 cm uag 3000-3740 et FediAwmandidufinvostinsuoundsainmsuentingiy
Wwuduiingn 0, 1, 3 uaz 6 42lus aviuldainiia 2916 cm? Aedinuluisuuuduyiiiugionan
shulumsaseguasthifuuniuayBeantosadiude suddy

thitrawnaduiniseauneunsesituuududing o, 1, 3 uay 6 $alus 1AAsIZsiae
ANAGR ttest 109 %T 7i wavenumber 2360, 2916 way 3277 WU3IAARR ttest A1 Sig.
0.00, 0.00 uag 0.00 A tasninsedudedrdynieada 0.05 Fsaguléinifeganounentiy
wudunarfinfog1mdmeninduuuduiienan 0, 1, 3 uaz 6 Falus fAaan ttest vos %T 7

o w

wavenumber 2360, 2916 Way 3277 WansiNanu agitedAgyneana
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AATIEYaAERR F-test 909 %T 1 wavenumber 2360, 2916 waz 3277 wuinAlana F-

Y W 1

test &A1 Sig. 0.01, 0.00 ag 0.00 AAUeeninszAUtEdAYNIEaA 0.05 Jsagulaiindeenenau

PYAUNLULUUTULATENAIDE1NAINEAUNL U UUT UL DIAN 0, 1, 3 way 6 93lud JAnddm  F-test

o w

V99 %T 7 wavenumber 2360, 2916 Wag 3277 uane1nu ageltsd1Agyneaia

Silk-3hr -----
et Silk-6hr -----
. F hrjgﬁﬂk-FnH —
= | | i

C-H stretching (Benzene)
C=C, C=N
60 —
o - T - - T - - T T | - T - - T
4000 3000 2000 1000

cm-1

2f 6 alnasuves lrnuBnanaIIINASREATNTIULULTUTNLIAN 0,1,3uar 6 T3

nnmd 6 wethiinaiunasudiluusananeunisueausiuuududieuiudiluusana
wdsnmMsveatsuuLBuingT 0, 1, 3 way 6 42lus nadilduandiiiuinaUnndutauuAndig
fudleszovnamulUariiafiiinsasuulasndilnudaandansveaunuuuiuie faae
AAL 2100-2500 crn™! wag 2916 cm! Gefimmantidufirvostluudanandanniseainsuuuiy
fan 0, 1, 3 uay 6 Falug szdiulganndia 2916 cm! Aednuluisuuuduwindusienasuly
nsAsegesduuuiuziantiosadludie audiy

thitnawnasudnluudananeunsueninsuuududive 0, 1, 3 uay 6 Falug 1Az
FeRadR ttest 289 %T 71 wavenumber 2360 WUINANARA t-test 3A1 Sig. 0.88 TAuNATISEAU
FodAgmeada 0.05 Ssaguldindhmeganeuneathiuuudunasindogmdmeminduniy
dlownan 0, 1, 3 waz 6 T2l fAadf ttest v %T 71 wavenumber 2360 lauanansiu ogaadl
HedAyn1sans

UATIZRAWAIEDH t-test 83 %T 91 wavenumber 2916 WUIIANEDA t-test A1 Sig. 0.27

YY)

fiAunninseautedidgneaia 0.05 Jsasuladndndiog uneune i duUNT LA HIAIRE1MAT
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PUAUTULUUTULIBLI8Y 0, 1, 3 WAL 6 T2LU9 AANEDR t-test ¥9a %T i wavenumber 2916 L4

LANANNY DYNLNYAIAUNIEDRA

o

a0

WATIENALAIEDR F-test 89 %T 91 wavenumber 2360 WUIIAIEDRA F-test AT Sig. 0.88

v v o Y o 1

fiAunninseautedidgneaia 0.05 Jsasuladndndieg uneune i duuuT LA HIAIRE19MAT
neaUTUULT U181 0, 1, 3 uaz 6 Talue dANad@ F-test ¥4 %T 9 wavenumber 2360 L]
WANAY aENTuEIAYNINADH

a1

WATIZRAIBANADR F-test U9 %T 91 wavenumber 2916 WuIAan@ F-test A7 Sig. 0.27
fiAunninseautedidgnieaia 0.05 Jsaguladndndieg uneuneatduuuTuLa AR IMAT
neaUIN U UUTULE 81 0, 1, 3 Lay 6 Talue dANalf F-test 999 %T 9 wavenumber 2916 1

o w

WANAY aENTuEIAYNINADTH

2AUTgNA

nsfnuideludonismmaigalaruiifuuuiuuuivheinfy femedanidoime
Wosudumssaanlnsalat) (FTIR) fUssiiueiusonadsd

1) m’m'i'aaﬁqw‘mwmaq’%m&ﬁaﬁ’uwus‘ﬁuuuﬁwhwﬁﬂﬁ'uiﬂammﬁﬂ Fourier
Transform Infrared Spectroscopy (FTIR)

mamwﬁqaﬁmmmaQfmaaﬁwﬁuwu%uuuﬁwﬁwwﬁﬂﬁuiﬂamﬂﬁﬂ Fourier Transform
Infrared Spectroscopy (FTIR) 6“5&@'3{1’&1Lﬁuiwmima§JJ'SUaaﬁwﬂumu%uuuﬁwmwﬁmﬁmmLLmﬂﬁmﬁ’u
iosmmiviuuududuwesnandiaunsasseldine aenadasiunuiseves Alberca et al. (2017)
Anwiiosnsdsuulamanivewnaafinalildarsvinfionaldlunisinands Ingldwmaia ATR-
FTIR wae GC-MS nansisenuiveavaniifalnladonasdsmasenansnalnnaniilomnzalunis
Tlunsnanasld Ao diuuuiuasdtuiioa

2) szeznanlunisnsaanuinuluuduvudnaisdatulaemaiia Fourier Transform
Infrared Spectroscopy (FTIR)

msmmﬁqﬂﬁmmmagjmaa‘fnﬁuwu%uuuﬁwthﬁ@f‘ﬁ’uimmmﬁﬂ Fourier Transform
Infrared Spectroscopy (FTIR) vestndaegasiuuniduindildannidulesssuni uwazditldannidule
Fuaszilaouiadu 6 viade dihedu drlvu faTu dnluasy drlndeanes uwazin  seau
Tngazynsngeuindhegmdsanfiventtuuuduluudiui, ndeniiveattuuuduluuda
1 $7lus, ndeandinentngduiuuduluuds 3 Falus, ndanfineavisiuuuduliuda 6 $alua

va o 3

MNAAU FeEITuINsAsegvesiuuuTuuuidssialunan 0, 1, 3 uay 6 Falusiiany
waneineiu LieanUseaninmlumsgadudanizuaz snsuresiniieg1e vinlinueasegvesingiy
LUUTFUUURSEAANY ) WANAIIAY @oAAR0IRUIUITEUDS Thananya Soonkum (2014) Anwl3eq

n1snTIigatiduuuTuuuiouasidenvasnaunddlauwmailn Gas Chromatography-Flame

82



NIENIVINTDwY I ez diIemans

Journal of Criminology and Forensic Science

lonization Detector (GC-FID) nan153denuinnisnsranuinsfuuuduuudiieaveniuiuniivuide
§n Cotton vwa 2x¢ cm. nasmsdufaduuuduiing o, 1, 3, 6 uay 12 $9lus gy Tneny
ihifuuduiinnigaferns 1 Hlusisuuddowandedn vimntuaranseduogesni lnoide
fin cotton ansziuasunsiadieruluinnnii 6 Falusrliaunsonsranuiiafissyinduis
wudulasn uivudhflorzansedvauidlonuliunnndy 3 $2lus Wuduldasiissdunsnsianud

Al g/lur9 2.52-1.60 ppm

dyuna

mAfeiidumannaigaienuiituuuduuudiiesintu TasmedaySesnsudesy
Sunsusnanlasaled aiifefiguiinhtuuuduuuiednlmuamsobanegaduldfidenan
siwlly Tgtheagnadiia 6 wiin Tneelindl 1 Ao fihefy wiindl 2 fatu ¥dafl 3 dluseu wied 4
fnlwdteaines viiad 5 duseou vied 6 flmdana Jaunndrstufedulenlfansssund uazidu

va o o

loAlaarnnisdaasiest gIdevinn1snaasdlaenisiatulasUiunreniiduivuduruia 50 pl agly

Y
(% [

Fregnaiaiiagng q 91nduidet1adnie 6 wiaiu 2 nuituiu deuiidiveaeunies Fourier
Transform Infrared Spectroscopy (FTIR) Ingutsmaissezinannuimun i nagousiud, felilu
puvniiveawdsann 1 2w, fvlilugangiemdsain 3 Halus, warislilugangivemasan 6
Hluudnhuiinseidoyanmaaia

n13953agatdAUAseg e duuuguuuHiseilaiu Inginaila Fourier Transform

'
aada

Infrared Spectroscopy (FTIR) a1nen@l0e19914 6 sfladianuuananeiusgnsiivedifay 399wish
winzuinstluldnsangaiiiuuwguuuisisiaiu nuinhduuuiuaunseeguuilodeing

a o

silafuldunds 6 Flue iesndegauuuinsssuminasindanszei %T 7 wavenumber
9 9 A9a 0, 1, 3 waw 6 Tl AufiAmneadn ttest way F-test Aunnsnsfuwuudfoddnyuarll
fudAty 1nn533edsagulainmatia Fourier Transform Infrared Spectroscopy (FTIR) @13150
n3maouaTTuiinseguuinfildandulsssaurdlduuniinildnnduledaunsed wanile

Tdlunmsesafigauneiifinermansisesevainssulunisnangald

Jolauauuy

1) msnwiseafeolummuniiuiegrdunismageulinarnuansunnddulaemaia
Fourier Transform Infrared Spectroscopy (FTIR)

2) mafnuidenswioluisuiisufigaifedeihiunieasidomasimiatuildluns

Aelnuuivesnandalagmaiin Fourier Transform Infrared Spectroscopy (FTIR)
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3) NNSANEIITEAS IRl UMNUALA U989l UNITNAFDU LU AI981991NTR8A18 T2
WI8UBUNITIATIETV9UT VLT UT AnUUTasaneldamemata wada Fourier Transform

Infrared Spectroscopy (FTIR)
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AdNfey: UAIMeFans, anedadle, nsmeriily, N1snsIavateiiie

Abstract
Fingerprint detection remains an indispensable tool in forensic investigations, enabling
the identification of individuals from their fingerprints left at crime scenes. The distinctive ridge

patterns on fingertips serve as unique identifiers for individuals. Traditionally, fingerprint

detection has relied on chemical methods that utilize reagents to react with amino acids

* Email: sunthornc@buu.ac.th
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present in fingerprint residues. These chemicals dissolved in perfluoroalkyl and polyfluoroalkyl
are often applied to the examined surface to develop the fingerprint. However, these
chemicals pose significant health hazards to investigators due to their inherent toxicity. As a
result, there has been a growing impetus to develop fingerprint detection methods that
eliminate the use of hazardous chemicals, exhibit high forensic sensitivity, and are
environmentally friendly. This review article comprehensively explores the history of
fingerprint use in forensic science, the chemical and physical composition of fingerprints, the
use of cyanoacrylate fuming for fingerprint detection as well as classical techniques that using
ninhydrin and iodine as reagents. The development of new environmentally friendly and safe
fingerprint detection techniques using water as a solvent, and future research directions to
improve and develop more effective fingerprint detection methods will also be discussed.

Keywords: Forensic Science, Fingerprint, Amino Acid, Fingerprint Detection

UNUI

[ o

nang1uateialie (Fingerprint) TunumndiAguInd msunszuIunIsnIlaIneeans

o

desmnvdngwluaouiiAawmnaunsadenlesiumnnisaifiiat usaziilugnisszyfnunes
fnspvhiinrudansofigaianiavsvesignnaim Smeundngiumaniinnudidyoenads
Tunsvurumsivauaeuanuazannsathulfiduneundnglunmsiasanaianalutumals
Tnenduyurioduaneiiafio (Friction ridge) iuendnualiamsypaauarlifinsudsuulamasntis
01y iWSsuiadoumoidumsssumnailiflaswiiouslinnsfigadiendnualyaraainasiafienu
wadafidmihiifgaindnguiuldiuegiunivans famnideielussduananuieiialie
fudusessosiifinsnsranuinnluanuiiinime
mnsafigaiaeiafedinisimuieitnimnassdinniwealuladsmianiosiiogunaal

angeinandidusanlunisasniigaiaeihienauldananunifamevseaisiiionlaanmingu
Ininauaevawihddaluuizuad Ay ivinlianunsofnnugdesasdelaogaiiussdnsamunn
893 angihfleluanuiiinmnduduingneuiiddguinlunisduaiuafonsginssy dnvauzaes

(2 '

aeiadefinvluanuiiiiamed 2 Ussian Ae anedafleflanunsoueadiuldd@eniuan (Visible
fingerprint) wazaned o wesliiunseneuiuldennieareiiafouns (Latent fingerprint)
ndngrudinuluiifamnduinasduaneiadeuds Sedudussdoddinadaimnzanlunafv
néngrudielildaeiafefiflaaduyuianuiismoronisnnafiguidieuisuiiiodudusyena
fiutiuoraeriliansdadeluanuiliinvnierulddaudmaligadovdnguifaun il

(Chen et al,, 2021) lngAanuivtnaInemansuasinalulaglug Ak uuduyinlinsiiaan

wingiuaneialiouaznisssydiyaraiinudnay TIATaENABRININTY

9 Y
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Tuunanuivaitagnaniase Sinsldanetndiolunaiiinemand wielvinsuisenny
Busvesnmsthaeiadenldiudumiswosnssuiunmssssulunimsafigadyanauazas
nanfsneimeavesduasiidie gaondnuaiviogednunzdidy (Minutiae) vuaneiindofivhuly
Tunsszysyeerasufisifuresmsimuimaiailinmasevansiafiovuingnetusienainedio
wfedagtu uenanddsldnanfuumiiasiuldiaunismraaeiafeldiusavs nmunn

gevulupunan

aaa s

Uszdamsldansinafieluneidinendans

findngrunisdunuiedesiiuAumnenguszana 6,000 U Aundslusmainnang funnides
mﬁa%aﬁuﬁﬂsmgﬁmiaamaLﬁuﬁéu (Friction ridge impressions) Uuanefiaflefidiulddaau ane
fusivanideduiessesansifiefinunfigavifiieenuin widslhdufuidaisosmaiifniy

= v v 3

Tnetadgluszmamsinedesiuiunviefunsadaiieldaiamaeussiuniodudnuaiuy
NPULAINET (Holder et al,, 2011) siosnluaagl p.e. 617-907 Tuatas1v29Aas (Tang Dynasty) &
wé’ﬂgmmﬂ%’maﬁaﬁaLﬁasxqﬁmuuué’mﬁgﬁamaﬁﬁu fitfonssu dadnedonmsuaznisiviely
yAvewds Insduivguhuiiiugdmadueaiumafoailnlae

Tud a.#. 1823 Johannes Evangelist Purkinje AN@73519158 US291URIINY1 BLUTALAD

falal

(Breslau) Useinasasuil Taafnfinednusmensunndiitodesiiannunis Ineluineninusi
ié’a'ﬁmaﬁamﬁi"lLLuﬂgﬁJLLUU%@ﬂLﬁuawaﬁaﬁaaaﬂLﬂu 9 wuv (nnd 1) faliae (A) EUTAmLIg
(Transverse curve), (B) tdUM118190153na19 (Central longitudinal stria), (C) a1et@us (Oblique
stripe), (D) 343uL281 (Oblique loop), (E) Miuneesuieadenadaueaus (Almond whorl), (F) 39
fuviee (Spiral whorl), (G) 393 (Ellipse), (H) 23nayl (Circle) uaz (1) 29nuneaeg (Double whorl) wag
SaudinnazldlgvhnsnvdesananimidseiuinanussuunmssuunUssnnatstiailevennd

Jadusingnutewiulitiussuunsdwundssinnaneiafenldiueglutagiu (Holder et al, 2011)

A 1 Msduungukuuveaduateiiilelay J.E. Purkinje (Barnes, 2011)
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Henry Faulds unmédniananuaualaiUalsaneruialindosdnd (Tsukiji) Usswadgidulugg
U p.d. 1873 §9 1885 Turraiantiu Faulds asulianuauladuaiedaiiendsainiuainalsuy

AusAuIINUUUEIEatugu Feldinisidelaenisiivateihiioveaiaduasauuvinnis

[
s v a A )

Anniduansiiafie aeideidedunsynidnuumisdidgludiuaneiafie Faulds Idaue
wAaiasdunariidnvusianzd ldwioutuluusasyaaa (Unique) uazasagmaandin
(Persistence) {un1sgnUszmeliminanuaulaluwinidignisuaztiilygnmsiauimaiinnisane
fanitftefunsvanslutiagiiu (Holder et al,, 2011)

Sir Francis Galton tA¥1n13AN ¥ NWMEN1ITUTNTTUVBIT NNBUY¥ERaLAUNIAIY
deulossenisdnungmamenmividelanevesyanaiiu tnevhmsiadndiuumeresoiaading

=Y

17 90 udwanudoulesvesyadayadila vl Galton laAunundnnisnisaddfiddsfe

Anuduius szt vesUmeuvuiunNgs dsiieidusiesusnvesdsitnadifiiondian
&uszAvisandusius (Correlation coefficient) TntuanFuiufinansiiafie lasvhmsfissiatetian
10 fi1 muglufumsiadndiustaneaneiaradasnit 8,000 au andeyadldvinliananise
usseednuaizvendumeiifiouazqaendnuel (Minutiae) 19y JrauveaduLazIARsnTBLdY B

v A 1

Tnenalyaefiuniindevsiyaendnualuseuias 50 9a Galton laAnunntadeiauuwsniieanu

=

aeiladle ¥ Finger Prints Tul A.f. 1892 ussnganuwazanizvosasiadlenduendnwallaniy

[y 1Y

yaARakarsUkUUTesaeiiledainisaneneameaiugnssulauslidimnuduiusivsudnualnieuen

Y
[

v3eanvurldevetuana nadued Galton feaidusngiudrAguesnisnsivaeiafielunisiigay
wazduduiinuludag iy Galton Feld5unisengosindudaiuvisarsiaie (Chooluck &
Jankangram, 2017)

Uayaves Galton latluuwianielii Sir Edward Richard Henry 371789nqugufdfisiunislu
Uﬁzmﬂ@uLﬁsﬂwmzﬁulﬁﬁwlﬂi%szqﬁ’ammymﬁuaﬂmﬁamﬂmﬂ%’ Bertillonage system uanaIni
Henry ldU$uUgassuuTunansiiafieves Galton Tulvailull a.a. 1896 Tnelddeinszuunsssy
maﬁaﬁamaﬂmaﬁuuauau? (Galton-Henry fingerprint identification system) LLazlﬁQﬂﬁﬂUI%
ogaunsvans luasnanfilndidssiutiuies Juan Vucetich smensiaufiunidoaslasiededaiy
Wanld1tinaussyAanun1esuIyweIng, (Bureau of Anthropometric Identification) 1A @nw1
naLAfeues Galton uarldAnduszuumstufinansiadiofioiiudoyaoisinslud a.a 1891
13871 Vucetich’s classification system @ 158uuil 8 o1dun151n1snsavaned 18 ounldluni
nguaneiduafsusndsualdlissmadug Furumnaulaldszuuasiafodeszysnuiinliny
Wuieatu waruszimaendiauduiedumdusnildaisddoidundngiulunisasvaiuad
8181554 (Barnes, 2011)

msthaeibilenlilunisigaifnululssmelnedsngiuinegtsenu tnodgnEusud

ARy lugaduAnIsIun 20 WeauAansefisonIunansITYIAENgNG nsuduiuaudfyre
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arefiifielunisseydiyana F9lansEBuneds 'nesiuiatedadie” Yulul we. 2444 Wioldlunis
seysan nsevinAee dedaludnddglunisihateidadedunldluszuvgfsssuvedlng a1n

AASUAUNINE Nsitansfrfelulszmalnglaiinisiauisgneraiilos Inefins3nfaniigaud

q

v a

Sutiaraulun1siAuTIUTINLAZIATIEYa8EE e taziinisuunalulad Aviuaewundqelunis

Y

U WY sEuURRNImesNausalUSsuiisuaeiatieldegeiasiuasudug vilinisszyi

yanalmnui@etionndstiu gl aeihiielananeduasesdloddglunisterulinguune ns

L3 2

faananguluafony wazdagninluldlusudug 8nuinune Wy n1sevauniiesnanIud

[ o

d1Aty N19YINgINTINNNNITRU wazn13520341 FeazreuliiiuismnudAyresaedafielugiue

o

enanwalnnzyarafiannsadniusylevilavainuane (Bunteng, 2022)

aeﬁﬂiznawaamaﬁ'sﬁa (Fingerprint Composition)
1. MEINIAVBIANBLETUUURINIS (Maceo, 2009)

AvifsUsznaumiedunieniednig 3 Fu ldun Sumilsiindn (Epidermis) Sumidaudt
(Dermis) uazduldfiamids (Hypodermis) ¥iwnthiifaufuilauntiosstsne muaugumaisame S
Au3an Tuveadsunasiasuaianiquiuludu

Funiariwd (Epidermis) Jutuuenanvesianmily Useneudeidedeiefifideumans
Fu (Stratified squamous epithelium) fiviiiitdasfunisgaydet muaunisiuauddn uasdu
insredastuliifutuindily wadvemdstmidnsdneadesaseoiies dawalsduniatmg,
annsaasslndlangesinsy

FUNTIUA (Dermis) iuduvaailatdaliewu (Connective tissue) TNUINTRITULAY

I3

naoid satuntaning Usenounlsasaaniau daradunazlnlusuanad usanduyunsedu

aeiiadle (Ridge) kazsasaeiiaiie (Furrow) MUsnguunilainsagduiusivusuntunuien
Y] d? [~ [l v v . [l v Y o v A = 1y v @ = = :5 o o v
Wududunidaw (Dermal papillae) agduvdsuyiyininiadouiuiiben Gansetunianing

AUTUNT N LAPe T U g1 9w uRUN

(%
U L2

FulAHmMUY (Hypodermis) aglatuniaud iutureailodaifeiuniduveayad

T vhwihiivsugunsawessamewazidunmasdiniiunasany Sidulevhwiideunetunisiimi,

(%
v o Y 14

AUTUNT LT AL UL N UTU AR 9T

a ¥ a a

angiidevviinainnisiieeiiveuduyuusugdl (Primary ridges) Waglduyunignil

(Secondary ridges) Uuduntisims vuaukarsUsevenduyuUsugiinaziduyunfsnd sauluds
anwzuad Dermal papillae Azdswananuuana1vililAnendnyalianivynravesaieiaile
1 A a . I a P 3 o a % Qy = @ 1

ABULNED (Sweat glands) ¥Ua Eccrine 1JupNMUIpIAUTENDUANAYUBININUIAN8UINBLAYI U UA DY
witevllanednnuluivilaaieinie (0 i 2) Inevisvesdeuwitedzegnisluduyulgund vin

nihilunstuvitesaniiniegivite (Sweat pores) ¥aglunisauaugumgiistinieuasyiglunisu
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voudefiinannisminaiyansonslusametugide Snuasiduyuriedesuuimdaewuldi
vuihileuagivinvesnuuaradidislungu Primates laonsiifamdsdiduyuludiofiuusadonyu
Feteslunsuuazniniu Amdaaneiadiolifideslusiu (Sebaceous glands) Wiagyuuu (Hair
follicles) usnNaNduyy (Ridge) udETisoEy (Crease) UuRviasiaflosiulufeiosseninedy
yudsaeliimilsdianudangu (Holder et al, 2011)

Surface ridge Furrow

Dermal Primary  Secondary
papillae ridge ridge

Sweat
Dermis gland

Al 2 ssfUsznouvenduaeiiiiouufiavids (Maceo, 2009)
naRngUuuuTasmetiagie
nsnefenduaeifedutudududssninisiamvemisnluasss Tnsduyy

v3nadeauiuneflutsduaiil 10-12 veanisiansss nalnnisdeddudsliduiinauudda
wdaandUawial 12 duyuuuRividsudnanazisunefmun usanavesnsiasaiuln (Growth
stresses) AiRmTsi it uuanuIe Volar surface vinadauazitludianandasdudaiuun
sUsuvTRsmBihilednunziauesduyuuLAImil uariidafowindeuBuietoie mnduyui
fdaraslumeiu Volar pad vieuwiusesusualuduinfiddnvasuiduuuiiuiveshiionse
A9 wudveaduyuaziUasuluau Growth stresses M1AN910 Volar pad deralunisiinguuuy

¥

a1eiiile (Friction Ridge pattern) vilfinguuiuusnaquesanetiiledu (Holder et al., 2011)

A 3 gﬂLmeaﬁaﬁamé’ﬂfT’qamUizLm/l a) NUeY b) 1ARIY Way ) 1AY (Langenburg & Hall, 2013)
vuuiresumeihilouasiuasiuduyudarudaau esin Volar pads fiusion
fananiinrayudussadiuldda suuuundn 3 Yssianiiusinguudanetiage léun aneduves
(Whorls), aesfarne (Loops) waz anelfa (Arches) (nwdl 3) ananewmaniiuieuiaiouendnuel
yeyananaziiudnuazianzivsuoniwuinuazgusnawes Volar pads Tutaiandiiaidy
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aefiaile Tasfimefuvesinusnguu Volar pads Aifidnuusnduiugeaznamnn dumeiamig
sfmulduu Volar pads 7iliiangafiduyuifeslunsladunisdsmaliaaduldadusuadema
Turausfianglainnuuu Volar pads fifldnvasfiusianndmaliduanedududuldmionduen q
2. prusndAvaaduaisiiafie (Chen et al, 2022)

aeiiaflegmirluldidundngrunsdiinermansiidanuddgyuazuniotioniniian
UszLnymilslunsszyfyanauazBususmuldesnausiugt Tasvhludnwmzvasasindeannsn
Fuuneeniu 3 sziu (nndl 4) loun

52U 1: Snwnedialy (Level 1: General Features) dnwauluszduiuoadiuléfonian
i sUsuLresduaeihiieliianduuy funes Savne vields wazuwndu (Ridge flow)

32AU 2: 9aLenanual (Level 2: Minutiae) Snvazsediv 2 iWuNsimszisuazidenves
dumeiafielussduiiannin Tnserdugnauvesdusazauenveadu Sevuluils Uaedu (Ridge
ending), Léju‘wqﬂ (Ridge beginning %3 ® Ending suddenly), td ungiaa1y (Enclosure), AALEN
(Bifurcation) wae &nvaurdu 9

3TAU 3: anwaen199ania (Level 3: Microscopic Features) dnwauzszau 3 10un13
AnginanBenvesdumeiafielussdugameiiuedsiiudeniuadsrluds suavesguite
(Sweat pores), é’uuﬁuﬁl,ﬁu?udaﬁ’q (Incipient ridges), ¥a (Warts), 988U (Creases), so8unay

(Scars) vuALANLTuAY

Level 1 Features

Tented Arch Left Loop Right Loop Central Pocket Loop Plain Whorl Counterclockwise Whorl Twin Loop Whorl

Line-Unit Line-Fragment Bifurcation Ending Hook Lake Bridge
Level 3 Features
& » R
‘ Pl ol o Ll |

<

IP«- Ridge Contours and widths Indp‘:lmwy Warts Creases
AN 4 uansnaNvuzvedaneilnilens 3 sedu (Chen et al., 2022)

n1smsraaneiiafio

weluladnisnseaedafelutiagtu drulvgasidunstauluf dnvusanizvos
aefiafolusedudl 1 uag 2 Tunasilunisldduduiyaaainmuualinsanugaendnal
(Minutiae) $1u7u 6-17 9a7 upgAunasg eIz sEma Felulsemalnodunisnsiangal

a81i9399¢1435n11501599919198 90195514 SWGFAST (Scientific Working Group on Friction
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Ridge Analysis, Study and Technology) lngldyatendnualduiuaInnImsawingu 10 9 iie
guduinduypranufieniu (Vatsa et al, 2011)
agalsinmunsiesziianizsuiuuainaisuasnienanyaiegafeenvliiissmesanis
Uszananaaeiadioanun essnaedafieinuluaniuiiAammanlvgiduaietadeusdsill
auysniviefingusne dsadensiieuifisuiugudeyaasindefifey qaendnunifiliifisame
wanflonahlinstugansiaiofinnaauazdmaneUszansnmlunsfigatifyeea uonaInids
Fududesiinszuinnisivinldansiadeudsiudaiauneunisiuisuiiioudsisildenadmasie
swazideavasaneiafionarenvadisgaiondnuaiuasu (Pseudo characteristics) duasanan
wiuglunsseyiyanalagionzededsdidmihignsaaeusiauszaunsallumsinge
p19dmaNsENUADNTEUIUNIYAsTIILA (Earwaker et al, 2015; Tangen et al., 2020) Bdlundntiy

18azldensEaU 1 hay 2 SeanunsalasuiuadladnemeisnisvinulAuNvS o N1 SRUNLUUDIAAN ¥

A A

Tiszuun1snsnateiialowuvandegaiendnualiieteg1aainialiauisauenwezaieiafien

winsstuaeinilefivaouudaslsiosnsgnaeaansly (Chen et al, 2022; Chen et al., 2021)

Al 5 (A) wanIUIENA YBIALENanNYalAR 1) Dots 2) Ending ridges3) Bifurcations wag 4)
Combination (B) MsiUSeuiisuanegililelagldynionanualanusdumi
yaenanual (Minutiae %30 Point of identification) azilusunusiivuusauiiisuiie

(2
U ¥ a A

szufyana Ineisuileundnguaeiafletugudeyaanstfievionngesasds Bensatumnn
wilalemaiisestidetursdifiianundafefufianniuiniy maieudieugmendnual
psAUsEnoUAIAYTdeafinnsmiAe 1) viiavesgaendnual wundu 4 Ussandiugiu Tdud
Bifurcations, Ending ridges, wag Dots iwﬁqgmwuﬁmammuﬁu (Combination) 2) 31 (Angle)
Yo39aLenanueal 3) M33ALSEe6I (Orientation) vedgaLendnual uaz 4) Iuuduvisesesiiu (Ridge
count) szmrisgatendnual Tnevhluuds aethilediil esdusznou 4 finssiuariiotiduaeihile
e (1wt 5) (Langenburg & Hall, 2013) Tnei3amsiiieadosteeluid

1. msldwle (Sweat pores) lumsiigatliandnualyana

sviteifulassairsvuadnuuioamdaimihiidfglunsssuenradeulas muaugumgdl
switeUszneuselnietievievadniidourefuesieldiamis sommarinanwiedslaniy
vieuaroonughavils TnswieazUsenouludaen indeus wavanaididun wunsnexilu Tusiu

Loy gileuazansuwnualadsing susuuianizvesgsieaunsailuldlumsssydiunaalumls
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a

nedansle (Chen et al, 2021) Tngaein150599aUUTUIN AIUVUIMLY FIWNLT JUIALAE
fluivesgite suilufssuaesgiedsdiauuudivin aumass naw 3 warlsiuviuou (1wl 6)
Tnesiluguiovsdvuaduiugudnaises i 50-265 lalasiuns ww1affalddueg funanvans
Hadendu Bmsfildnsaasiafiouds ussnalumsdudaviouTunalunstunieuarszernaniii
aeiadle Vlklnuideunnuneditlfiduimsldsvtafissesnafeilunsssysyanaduduisill
ungedewinlatin (Shi et al, 2021)

nsthgounldlumsdfiinermans Sudulud aa 1912 Tas Edmond Locard 1in{i
Ingmaniuazenvginennsiaadldinmsinnlassaiaaznudnunrsinevesgiieuaziaue

¢ L2

nguinisliguiodunmadenlumsfigrilondnuaiyeaalunsdifiaeiifedifuldigaendnualll
Wisamerensinsssivuauyfgiuin uiefanausiianzmilonsuduasdaie Tas Locard
Pifiuinsuaugiuie 20-40 90 isawodmsunsldszyfyanaidesiu (Kaur & Dhall, 2022) usl
wadadldldfuanudeunninetn Wesnaeihilefifuldananuiiiamesinasideyasquos
site iU JUI19 2R duvis arwid leiismettaziuniinsest uenaniuguienisagliunng

Tuseganeihiiauranssstanaly (Kaur & Dhall, 2022; Monson et al., 2019)

Pore Density Pore Density
1 2
3 6 5 6
4 34 ) o
7 9 2
g = Pore location
S g 10 Pore-to-pore angle

Pore-to-pore interspace /
.I. FDDasp %
Pore-to-pore

Pore size

Pore area location

AT 6 LLamgLﬁaLLas Parameters UUSHI YU ALAUILAZAINAUILUY (Chen et al., 2022)
ussnaUsziuazdssaliAnnsiUAsuUamenennvesgivide smuanuaTRBAvE ULz
Jusnvesilanils denalifsusne vunn uazdnvzvesgviewdsuudadly egslsfinm szozeing
sevinsgviedinsreudansi ilesanszezvinadsnandauanfoauin miedululasiung)

v

Fatuguionaneiumisliiiazeguuduaeiafiofstuvieauardu agldSunansenuainuseng
sruilundouru éhsjmmﬁ'ﬁ”szvmivmngsqmuLﬁaLﬁauﬁ’umﬂ (szmisqaguinansweagivendaly
fFryaquinansvesgiefioginiy) sxdidlndifesweafiu (@anudesiu 95%) lutaqiuialdd
ATeTsTgIesEninagvile (Pore-to-pore distance) anUszendldlunsfigaviiondnualynna
Tunsinsgiansiiflelussduil 3 (Kaur & Dhall, 2022; Liu et al., 2020)
2. msnsreaneiiziielaglddnwasianizsyiu 3 (Level 3; Microscopic Features)
Audnuarvesasiafielused 3 duludnuurnns liwAsuuamasiimusmnggah

Tfidnenmlunisinanldlunsimsiedaeiadodioduunyanald 9NN15338NUI8NI1AY
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Aananalunisnmaasiniioanas 20% Wethdnuamamesedu 3 lnufudnuusamesedu 1-2
Tun1591A5129% (Jain et al,, 2006) uenINEdnuzaMEsEdU 3 aunsathluinseidoyaiuia
U AviootgveudtvesaeiiaiieldBndae (Chen et al, 2022; Primeau et al, 2023) ag1dlsf
pa Hagtumslivsslesinnaeindiolussdu 3 Suliten osnmatianisaraaneindiourdsuns
Favdwmaliliausouanseandenlassadssedud 3 1Hedredaau Snftssesiaflousdsiinuly
anufiAamasindgunivilfaieiadiossdu 3 lddenudaeufismedmiunisseyiiyana

(%
= (% a

(Zhong et al,, 2021) BnvsruaziBonvasnmaisaeiafedldlunsnmaaeulaeiilegil 500
finwaseia (Pixels per inch; ppi) %qﬁmdﬁmmauﬁmmmgm (>1000 ppi) (Gupta & Sutton,
2010) wenaniinmsamadauarisinneiitlduasgulussduanadmiunsinsginayden
vosmeiindiolusedu 3 Aluguassafidouduiu
Snuwmziangdndsenmsfianansalilunislinsesianeiafiolusedu 3 Aeanuivesginie
(Pore frequency) Insduaugwiioasnuszana 9-18 grofiuitvuduaeiinge 1 wufiuas Tnsaa
munuveagvidelneialuegdl 419-519 sionsasuiiuns Jviefiusnguuasiafietue
uansnaiuluueg futiinameavaniignduesnunainsdomsie usinauseiuiildluduneuniaif
aeifleuszmaianiansaiinsgd femsfanianeiafiedeviing mansainniufertuardma
soAuMuILiLTsgiefiuTInguunmaeiiade auvmeninannslivinluuiiaiiinfuly
yiowwaguiefivwiadn Snvusanaussiuiiinnifululurusfisiansiafofuuriudseiuniin
aunsdmaiegUivesgvieingUlunnund matenmasiafielnenssaunsonanisgazden
vosgyuvldeetatauusinanaziiuluuuds 10 ¥ dunistenmansiniiofemaiauadtslaun

= @

SUN3EN15NAITIT DA UWIUUSERUNIN SUNVUDIAUBNIAULAINTUNEIINTL B ALS 1 LADUY

Y 9
[

wananiunsldinaiansaunuatsihilowuul$duda (Live scan) Sudumaluladnisfissianeiadle
fldndosnuaziBenguiiodunmatsiiifiovesyaraududandusuuuuAivadldannsouans
eazdensziud 3 vuaneihfleldvinfumeianisfivatedafiouuudue (Chen et al, 2022; Shi
et al,, 2021; Singla et al., 2020)

AautRsydu 3 Sugiiimetanaldlunimsnaneihiietusenoudie sUhueaduyy
(Ridge shape) AuNIsvadEUYY (Ridge width) wae LﬁuiéusiawﬁaLé’uﬁLﬁqﬁmaﬁﬁu (Incipient
ridges) %ﬂgﬂﬁ'ﬂwaﬂlﬁuuﬂu AN115096UNLA 7 g‘lJLL‘U‘U (Straight, Convex, Peak, Table, Pocket,
Concave uay Angle) TnsmuvannviangvesgUinamaiiinainmaissgyiunniatusesduyuuay

sl o uTnaauduyy diuanunivendunulaendliegsening 200-500 lulasiuns &

'
v Al

AuduTusiuusInaUsEiunldvasindaneihiiedfusinainduanuninwe sduyunagiiun iy
ldre uaviduyudosiidnaznuuinuseswesmieiafednazdvuiadnuagininduyuini lny

Unfaglainwenduis (Bifurcate) wazlaifizwite dayaainns3dedliiiuindnuiuves Incipient ridges
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a [

zdlnudlduiudunuislunanguinduiidnuivanadlug v saads (Chen et al., 2022; Kaur &
Dhall, 2022)

33nsnsvaneiindiours (Latent fingerprint development)

peRUsznoUYasansiaiiowds (Latent print residues) anansasuunmuandiniaeilady
2 UssLvvidn fie ansfiazaneinlduayldazatsth arsUsznoufiazanelduuasindousds dau
Tvgjazdueeninainsouviie Wulnidsueaslsduaznsnewiilu asaiiflinmaigatsossesyssian
HlFografiuszansain Wud dulsnsu Jeasviufasentunsnezdlu uas Janedlunsn (Siver
Nitrate) fivhufizenfulmfounaslsdifudu ogrslsfnmuansiafoudsiiduiatui avendonis
n3RdoUdeTEfingm dussdusznoulssanitliazaethasdiviinamnniuasaseguuiiuil
uuniransnsuundeslddndu 2 nau nquusnUszneusaeluanavuialugiliazaistiugy
WAy sagvinisnsinaeulaeld Physical developer daudnnguagiduansnanddindlufdn
(Nonpolar lipid) 3sanansansiadeusdieansiaiisiman Oil Red O e Nile Red 1dusu (Holder et
al, 2011) mafaLmadamaaiifiensiaasumeidoudsdelidminfamsafuiudngu
aeiaflenntaningg IfegneiusyAvinmnntu uenanansiedifindnudadiimedanimsa
figawidue fiegszmiamsiaunogiseiloadnsne

1. m’sm’:ﬁ]mﬂﬁ'}ﬁaLLN&@]”J&INQQu (Latent Print Powders)

msnrnaneidoudsiensuduiinsduiuildnuie meladldndviaeg lunsda
imeAuvieuaglusiuiivasvieeguuiiuinansiaderhliueaduasiafousslddna iy iy
Tngodeusaiagnasvinluanassvinsduasvionieluifunnaeiiile ussisgasenitdinana

wianiitelinedingintuduaeiafiomeliiunsanBenuesaeiafouds neuiivansyssin us
avUssnniinuauiffivansdwiuiuifuandieiuly WunsdsgmnzdmiuiuinSouuayda
gou nedvvzd v iiAduduiy arsiifoudanndnduneu Wy Carbon black u3e
Colloidal carbon, Iron powder, Aluminium &g Corn starch Wudu 1umamwaam‘fuazﬁaaﬁw
AnuazeniuiaTisrnTasoumMsiafieudaiierindsanysnuagduazossnnildyiuvioutsom
sadvuiuitegauioundaidansddniulaglduusuyug dnsenaniiuinainduhnisif
meifiedensteguvieldimuniilauurasiafieuwssls (Holder et al, 2011)

2. msasameiailoursdaeans Ninhydrin

waliAnsAsIeaneiaileudsdrpansivlensy (Ninhydrin) findnnsaearsiuloasuaziin

aaa LY

Ufnseniunsnesiilugamulalusiovesyuddieasdasiulansuvunuinnisesaeiafiowsls
withleumeanusoutszuia 80-100 sernsalded uuUsEan 10-15 Wil Ausauazdiess
Ufnsenadszninansiulansuiunsaezdluvuaisiiade aduaisusznouding (Ruhemann’s

purple) vivisesangihiloUsngdmau anunsaduiinsesateiiidielagnisaneninalenaedanesui
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= v A

fauaziBengs uilsiiiidedtndoasiuleniuliausaldsusesansiafloussuuyniiuiold
swdssesaeifieudsiiiwdedonanm venaniasivleniufsdqrdtansoueavhaevdng
Suquuiiuinazfusunserefufifnuld venanarsiiuleniuuddedinnianseyiusuesiin
lansuy 1,8-diazafluoren-9-one (DFQ), 1,2-indandione Wag 5-methylthioninhydrin (5MTN) 11
Tlunsnrnaeuasifioudsioniuiy uiaseyiugivarisidusesararslufvharansdunie
eorvdenaliififuiouinnsesiiiedvanmesuriuareravhdunsesefuiiRu (Ruan et al,
2024)
3. namsneaneiafewddlasldanslelefiu

nsnsraaeiaiaudlagldanslelenu Widsnldtuunduszazinaiuiu metadinannis

' I
=

anulagenfeufisenseninlelefuiunsnesiluwaglusiulumisuusesialislaeditunaulunis

asavReldindnlelefuusyana 1 niuldadduviauiivunng 50 faddasantuneingiiaeindiowds

Wluvielelenulaelilidudaduindalolofu Janwialiainiialiuszuia 5-10 wil leleduas
sumsnazdufuasusiteuuaeiafie mefhiflessunngiuiimadeundvinisefaneiiielne
Wua1sazans Acetone, cyclohexane, hexane w3 ounuoa a1edqileasil g duii vaauaniu
(Kumari Sharma et al., 2019)
4. nsasrameiaileudsdaeleszelveTuszadian (Cyanoacrylate fuming)
namsaneiadioudsiaslessmeveslesluozadianiouldfusesiafioudauuinguis
Ussamituoadiulfennvionsiaaeuldoindieiimatafudunisldneu anvemdnnaniieuay

Tauiinaundovusesinie Weonaruluanumiswasludumardaguisaznataduduilduuicy

Unlnasuazidunvesduatgidiodinaliiendon1snsiaaeu naAlAlInNaUIT W 0nT19

' ¥
aa A a =

aeihiloursuuingiiinuiaissukasligadugu Tave nszanvsenanain lngldnannismaniily

q

nswdsunsuitefivaandeuusesihileliusngduaiiveadulielitndfinemansanunse
n3vFeULarIinTimeiaieldegnednay leeluozaTianvionnnsdaiinaautifiaslunis
Uffsenunsnorilu (nenmeaiafiingilsidudu -on) uaslusiuluvide dethingiifsesiade
whimalimelugeuiifilesuimevedleeluozatian lossmeaznsznemduiatuniovusesiiie

a & aaa ~ L. . . o 8 v L A a & a | ) < o
LﬂﬂLﬂngﬂiﬁJﬁlLﬂﬂJ Anionic poLymerlzatlon V]']IVi@ﬁJU'JN@Lﬂ@LﬂUﬁSUTJU’Ns]LL@]Q%ENﬂQlI@QL‘VTUIW

[

gnmesenlal Sndudesdamensasveuniaiulelofudiluneludeu lelefuagyufise

Ausesiiifloasudidudiimseuimaweliiusvasidonvesduatsiie violdddoungenisa

' ¥
a

Wuddsdenldiuninludegiu wadaldanuhguninzdmsunisnsvasuingifisesiaflowdls

q

'
aaa cala

wasviieeg ey ldaunsaluazarsinlifivi@edie s1anldung wanzdumhenuidfinermansng

JUUsEUAA (Bumbrah, 2017)

v A % =)

Jaguuiiniswauddeuvgosisaduiegisdaiiassuivauimaian1snsaiigaung

a

UseAnSamgetu (Li et al, 2022) Wun1sldans PolyCyano UV iaunlagn1siiansisesiainges

Y
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\sawus (Fluorescent dyes) siudilunadiwesiu loenluszasianidiatluldnsiaaraddlousls

PolyCyano UV Tuguuuuma (Powder) asgnitiivissmenanaiduleanunsaduiuwiowasludiuiimuly

Y
¥ &

aneiiadle Weaewaswansihloanludiiuinazinnisiseaasinlvaiuisousaiuanetiilowelale

(%
1 Y 1

Tnglifpsutumeunsdond Fifienalgs awnsoldfuiuiafivennuaieiu lave wanadin uih
waglyd ﬁsz?umaulaiﬁg'qmﬂ waz PolyCyano UV 1iuansil vasnsewdssddasinnfonisvling
PolyCyano UV seimenaeiduletudoddgumnifiasia 230 ssmeadea (L et al, 2022)

5. namsaeaneiiafleuseuuiumiisavaamunadas Wet SPF

anefiafleurauuil wnderveaununy (Pressure-sensitive adhesive (PSA) tape) $aidu
vangudAginulivesluaniuiiiameg lnglanzedsdduaiiiisadesiunisdnmdviend
anmnsau agulsfnunmansadvaneifevuiiuiuvismeanuniudenugsernnnniifiuio
Bourtly msldmatadafuduldueudsnlifome Jeioddneuanfusunauiuasanusiis
Aauu Liquinox 158 Triton™ X-100 Whindulassadreveshuga (Micelle) udnilunsinasiaile
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Abstract

The application of terahertz waves in forensic science is opening new dimensions in
evidence examination and criminal investigation. This article presents an overview of terahertz
wave technology, covering its physical principles, detection and analysis technologies, and
applications in forensic science. The unique properties of terahertz waves, such as their ability
to penetrate opaque materials, sensitivity to chemical detection, and safety for operators, give
this technology high potential in detecting forged documents, analyzing drugs and explosives,
and revealing latent fingerprints. The analysis of case studies and experimental results
demonstrates superior performance compared to traditional methods in many aspects.
However, challenges still remain in terms of cost, technological complexity, and ethical and
legal issues that need to be addressed. This article also presents future trends and
developments, including recommendations for research and development to unlock the full
potential of terahertz wave technology in forensic science. This advancement will lead to
enhanced accuracy and efficiency in the justice system.
Keywords: Terahertz waves, Forensic science, Evidence examination, Detection technology,

Legal innovation
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wazmninaziuladesnsed vavausad (CAGR) 27.2% s3ninel 2021-2027 (Military Radar
Market, 2024) maiivlaiaruniananmsussgndldlunuifineimansdsufinnmagey
nansUaeuulas mslinsesianaiaiiuazenandin nsnsaaatsiafeusuaznismsaaeuing
seidn MsveaedluriesljUanistag National Institute of Standards and Technology (NIST) Tud
2023 uandliiiuinnislirdunszidmdaunsansaivasiandnfidousyluiagiiuuadldmenin
wiuETa 99.8% lneliifaulnussgsini (National Institute of Standards and Technology, 2023)
uaﬂmﬂﬁmiﬁﬂmi% European Forensic Science Institutes Network (ENFSI) ‘WUdﬂmﬂ{fﬂﬁ'um
suiBsndlunsnmageulonasUasulasannsaifiusniinsnsaduldia 35% Weieuiuisns
WUUR LAY (Ropero-Miller, 2023) agislsfimunisiimaluladnd wnszidsaduildlusuids
IgFanIeL1NINauEIRliTaTNnkaTAINNTITMNEA18UTENTT I89IUAIN Forensic Science
Regulator Y94a%1¥010419NT52Y I Lle 5% vesiosufURnsdATnermandsialansinagld
welulaBraumszidsadlud 2022 (Samuels, 2022) Yadovdniisninnsldnufesuuiigauayeana
Fudouvosmalulad ns@nuwidefunisidadumssdsadlunuifivenmansidiauddyesis
84 ielidnlafwdinenmuaztesfnvesmalulad iz fuuselovidonsimuuazmsussndld
Tuounan suazthlugnmaiiaseansanlunsfiguivdngulasaduayunssuiunsyisssulil
anasuguazindofionndelu unanuisiiauenmruvesnaluladadumssdnd nns

Uszgnaldlunuiimvenmans saonaudnseiuilduiazauvinmelunisiunldnusss

wquﬁu,awé’nmiﬁﬂqqu%aaﬂﬁuLMizLaimsﬁ

AAUWITEIRdTdnuasaiAnduarinud fuanasainedudu o luaiunasuvesniu
(Neu & Schmuttenmaer, 2020) &nwnizvasndumnsziBsndiisail

- wdige: pdumszidsadinuiganniflenSeuiisuiuadudu q luannueglugi
szwinemaulalasiam (Micowave) uazAaUaUNTIIA (Infrared) %’IaﬁﬂﬁmmmmsaLLamwaéﬂ’aaﬂa
visodsdayanimuazidongsls

- nsazviouaE ST NMsTuHuvesnAumsTEIATlaldneRinismeqrzaliedis
auysalavely uidueuannsolumaiumsintaglélussunileddued fuauauifvastan

Y 9

wazAuAresnaulnenIly Weauiverdugaiuasiin Attenuation Y3013 EENGINUIINTY

YRS

WendwAunistuiinans sgalsinuluuiensdeiuainuiaervamnsaunsndudilulugesing
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spwineymavesiagusialdfnitnduaudi liAensturinlfnnninilondumsyidand
WumandsTanaainusngmsailavagedng wu:

1. Msazvieu (Reflection): AduUsEUgnassiounduiilonsmuiuiaTan

2. M5B (Transmission): AAUUISELEBNIaIRUMSLTanlUls

3. MI9ATA (Absorption): ARUUNEILYNARTaTanTaR shlsmdsnuanas

Usingmsaimaniidueg fuamuautfvestan 1wy Aiasiiladidnn3n (Dielectric Constant)
Anstilai wazammuwsiy WJud Feyafeafunisagsieu msTusinu uaznnsgaduvesndy
wiszlsadlutaneie q dusslenilumsieseilassasiuasauaudivesian saudansussyndly
Tugnunisasivaeuianuuulivinats (Non-Destructive Testing) WAfd@1u15agnasiaUNIaQNARTY
lofutanuisuiin

Al 1 feghaniesilindynaumsismduuvalisimesivaannsaldadianmdmiuns

A7)

nyyaaaukuulivinans 1wu MInswanuasdualuussgin

AT 1 Ao indyanunaumszidsndiuvalisinesiva

In7: https://www.nectec.or.th/research/research-unit/ssdrg-trt.html
a o L -4 4‘ a & o 1 = e 4‘ 4‘
2) ﬂ”li‘ﬂ{]ﬁllwuﬁ"llaﬁﬂaULﬂﬁzLﬁiﬁ%ﬂUﬁﬁQﬁﬂﬂ o W3 UBUAUARUDULUUAISIS

M13190 1 eadSeuiisunisufduiusvesndumseiasadiuaaueiingu o

y .y 4 AAUBUNTIA wasiinaaiiuld $eddnd
o pRuNITEINd aaululasian

AMIEUUR/IE) (300 GHz (430 (30 PHz
(0.1 - 10 THz) (1 - 300 GHz)

- 430 THz) - 750 THz) - 30 EHz)

laney avviou (>99.9%)  awviou (>99.9%) avviou Azviou NEQNILUNSEIU

(>95%) (70-99%) (0.1-10%)

naERn NEQNIUA NEgHIUA NEQNTIUNGEIU Auuas/Tusauas NEQNIUA

(HDPE) (>90%) (>95%) (30-70%) (0-50%) (>99%)
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L373in NEQHUR NEQRIUUNEILY AANGY iuuas NeaHUA
(ALO3) (70-90%) (50-70%) (>90%) (<1%) (>95%)
fnihe NEQHUR NEARUR ganduuNaI (0-  Tiuuas/Tusauas NeaHuA
(60-809) (70-90%) 60%) (10-30%) (>99%)
ih AANAUIN AANGUY AANEULN NEQHIUUNEIY NEQHIUUNEI
(>99% i (80-95%) (>99%) (20-959%) (10-50%)
1 mm)
n3¥AY NEQHUR NEARUR AANAUUNSEIU (30- uua NeaHIuA
(70-90%) (80-95%) 50%) (<5%) (>98%)
AaELEYn 6N U1unans aN gasn gasn
Fadti (150ptm - 1.5mm)  (Imm - 10cm) (2.5-25 lm) (0.4-0.7 lm) (<0.1 nm)
ANUUaensiy Unensiy Uaoadelusedy Uaensy Unansy JuUnTY
sorfaifio (SAR < 0.1 W/kg) # Eniuanusen)  (enduanudug)  (aa > 100 mSv)
uyue (SAR 0.1-2 W/kg)
ANUATD fsnn Arin A 1in A
Tumsienet  (@asassyliana Gewgluenadl  (asaaduitussied] (amsduasms  (nsedlaseasng
maadl wnzle) #) 161) ELHIEN) GEELH))

ﬁuﬁ: Mounaix, 2022; Liu, Gong & Vi, 2021; Barker & Pickwell-MacPherson, 2022

' s & & v P < i ! o v
NUYLYER: ANUBILTUALAEAILAUN LLaqumSNL‘iJ'LlﬂﬂﬂEJ‘UizmmLLaza’lﬁ]LLmﬂmNﬂuiUmiJﬁﬂnmLmﬁ DULAY

AuENURRNIEYRITHR

31na151nUIeuLisuIziulad1nd wnssdsed e uay
Anuasatunisvgaruianilddrlnilad Tauavidenids
dageuywd uannldilanuaunsalun1siaseiniee

Uszgndldluanuiliingremans auaunsalunmeaneaiavosnaunssdsndauiansing | Jusgy

il
Tai

' '
aaa A

dnmdeuvilvidneningalunis

fuAduUsEansnMsgandu () Feanansaduailaainaunis (Tiwari, 2020):

-old)

=]

uiga uaziany

Andutendnual laglanie

Jaonnuse

| = 1€

Tne | Ao mnuduvesnduiinggriiy, I, Ae Amnuduvesndubudy, d Ae Amnumvesias uaz o
fio AduUszAvinisganau

ﬁaaéwaﬁwﬁuﬂszﬁw§ﬂ13qmﬂ§u (O imud 1 THz dmiudaneing o: 11 oL ~ 220 cm’,

Na@@n HDPE: OL = 0.2 cm™, ASEAY: OL = 5-10 cm™, 195180 ALOs: OL = 0.5 cm’™! ANVEN T AR

Thdufsnnuaansalunsmzanzaidfiunnsisiuresnaumszdsndinuiansiie q dadulsslon

aganlunsussendldlunuiiineimans

WALUIATN1SASTIVIULALIATIZVARAUNSLLTTAD

a

wAlulad AAUNTZLETR lenmuNg195IALS UM TS ETEULN Tastin1sAnALAS 1TS54

124

wazATIRdUARUNA NI unaTianTIiaTeiteyanduteunniy TusduilAinemans
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s

walulaglddnenmgatiesnaiuisansivaeuingalaslavinatenangiu wazaiuisadnsisy

anseiilolnglifeedulasag1alngnss

fis: https://www.bangkokbiznews.com/tech/818129

1) gunsalin3esilouasdsililunisaiiuaznsiadu (Kojima, 2023)

- milflawesiiviouiuesnsstu: Bilfiawelunisadrsrdunssdsadlasldndnnns
yosnsiiuteutuesnsedia (Optical Rectification) Inspduiaiwasazgnastutanidnuaudafiey
Tunmsaderdumszdsndiloldfuanawes Wonanawesidndudatutaguiniannufises
didnaseulutaquazdiooninlusuiuuvesnduinssidand

- nslaaee1niALas (Photoconductive Antenna): LﬂuqﬂﬂiaiﬁmmiaLLUaﬂﬁ’ﬁy,zym
rduuasaesidundumszdsmdls Tnsedendnmslnlnneudniiluianiinu Weansuasalwes
fiaddusziumalsiuiiasuterisssnitdlanediflanulii asfaninedeufivosmnzdseq
og19mInE ViliAenswidsdndumszimdennin

- msldwlsilniedud (Femtosecond) tawwes: laiweiifiszaznavesusiaztravilniodines
annsaaiisnaumseidsndld Ingldnsduaziiiouvesdidnnsevluianiioatrsndumnszidsnd
(Wang & Pickwell-MacPherson, 2020)

- msldifasdyandunseded fiedewdlofianunsoaisndunsedsadldlnonsainld
wirlulads93321 (Integrated Circuit) 3ogunsalBidnnsetindiihaulurisnudimszidsed

2) wadlansnssidayamnseidsnd (Malhotra & Singh, 2021) LUIVINNSATIATAAAUN
szigsnd wunlu 3 Uszan fe

- M3nsI9IauUUAIIEeY (Bolometric thermal Detection) LilenaumsziBnsduugunsal

n3duAauluge THZ aslinsgandundanuvesrauld vivligunsaliigaumgiiiuay
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- 1150599TALUUAA W (Wave detection) 1150153970351 dududesldaunsalngiain
(Detector) Nfinusigdlunisnsrinmenansilumieuliui (ns) wasesinfionmgivie
- MINTIVIALUUAIBUAY (Quantum detection) ©38N159593TRBUNIA TABAEATIATULN

AOUVDINAUMNTLLETHDY

M1319%1 2 snasdilSeuiigumalulagnaumszidsadiumalulagau 9

ANANUR AdumszIEIAd lalasian unsnIn Fadiond
Mss¥1endu
Usgdnam 1-10% >50% >20% <1%
fduesinn 0.1-1000 mW 1-1000 W 1-1000 mW 1-1000 W
3701 a9 Yrunans W gann
N13M5339U
ks (NEP) 10"°-10" W/Hz 10"%-10"° W/Hz 10"°-10™" 10"°-10" W/Hz

W/Hz

ANASMBUALDS 10 ps = 1 ms 1ns-1Us Ins—-1ms 1ps-1ns
vl v19iln dulugy duluy fogvhAnadu
Qaunnivies
mAbANTIATIEN
Mypszilasaad 7 nald funn fibe
lana
M5as19n N U1unana # 7 fibe
ANUUaensiy G Uunang GY 1
MINLGNEANTAD) 7 Fideu i fiden
nsUszenaldludiiinermsans
N1IATIAABULDNGTT B ladwnzay ) 1AEnaNg U
ASILATIERaISLEN Aun Talvmanzau 7 7 uionadudunse
79
nsATIAIMIRnYou 7 Fideu nold Mideow usenaidu
1By dunse

‘1’7@1: Kameshkov, Gerasimov & Kuznetsov, 2023; Yurduseven et al. 2019
msntuaadliiiuinveluladedunszidseaddgaudaanisdludiuaulasndouay
AA1NsaluNMTIeseAlagliviatediegns fadulsslovtegraunnlunuidiinemansusiazdl

JannuIsUsEnsliaeunumaluladdu

Y a aaa 4
N13UsEENALUARUN T ING LWUTAINGIANEAT (Kampfrath, 2023)
AAUWIzISTRdRaN TR AV ingaudwiunmsussgndldlunuiiingmansvane
au Tnglanigegedannuaiunsalunisnsisasuinglaglivhatevangiuwasaiulaensissie

AuuRnu deluiiilunsesurenisuszandldlusnueng  nieunsiadSeudisuiumaiingu
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LB Photonics

Microwaves Visible X-ray y-ray
Frequency

(Hz) ]
10° 10° 10° 10° (g 10 1o

Example Radio Radar Optical Medical Astrophysics
Industries Communications Communications  Imaging

ELECTRONICS TERAHERTZ PHOTONICS

Frequency range : 0.1-10 THz
Wavelength : 0.03 - 3 mm
Wavenumber: 3.3 -333 cm -1
Energy: 0.41 - 41 meV.

27 3 AMUDYOEUARY

fisn; https://www.nectec.or.th/research/research-project/terahertz-for-thailand.html

1) N13A3IIABULBNETUALNITUABNLUAS (Minamide & Nawata, 2020) AdUMTELETHE
annsoldlumnsraeuienansuaznadumsvasuudasliognsiivssdnsnm Wosnaansongg
Hiunsgawiazuiinatingg o 1as vinliaansannageulassaitneluresenansliaglineswiany
wanniifEnnsausnuesALAnYawiinadasme  léee

2) Mmydnszdaisafivazaania (Zhidong, Lijun, Li & Yuxin, 2021) pduinseidsndsl
Auhigron1snsIaTukaginTsiansialiuasanfinnaleviln Inea1u150nTIERUNIUUTTY
Fouaililaglifeadn vhlanaudesdunsdutassdunseuardostumsuiiouvomdng

3) mansaavnaneiiafiousls (Palka & Kowalski, 2020) imeluladndumszidsadanunsolily
nsamaasiafleussuuiiuiianing q 16 tnelsideddmaeiivionsu vililiiAaaudemede
ndngIuLaraNNIaTIdeUMsialiouuiuRafisndemInTnae Ui eI R ANl

4) n13n32980UTRnELTALAZa1YS (Zhang, Du & Hong, 2020) AAUINTZIEIATaTANL]
diufaguaneudald viildasansaduingssdauarenisiidousy nelutanusedodlé
uennifiannIniinnesiesiusenoumaniivesingdalédndae

5) nsnsavFaUNuTIiawe (Vallejo-Mendoza et al,, 2020) Adumszidsndanunsaufia
nsmsreaeuaRLTAnmgssANaIsalunsaauaud 3 TFndanuasBungs Taglsidesdura
¥3TUNILANNIIAGDN SEUUAINITIATEsesTIazIassensiadaulmineslsiifiudien
Wan fwnanuasuidenrsoveunadluumedigninanuaeiaudy nsiesgiiumies

[ = [y

maneune 9 Minlaudugdesedululasiuns uenanddiaunsansiaaeulassaiianigluvesian

17
=1

#1199 TunAnme 1w ntls Wy visewlestiaes Wwemingneuiigndauld Jeyarianuatanunsadimn
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asadunuuiaesidvandelunsinsgiuasiasannnisalldegauug) Fululsslemions

wnlunsavasuwaznsdtauenanguluguma

M1319% 3 asdIeuiisunisussendldndumsadsadiumedadu q lunuliinermans

nsUszendld AaUMITEING Fadend  Buvsusn  wellamaadl

nsAsAAdauLNaIThazn1TUaaNLUAY

AVILEANINTAIUNSVEgVEa fun Mo Junans lalanansa
ASHENLBLTRANIN f wold 2 Aun
ALEEeRBIENENT 1aid] 219470 Taifl 217
AMULFIMNEVRINN J1unang gaun Junans _

MSAATIZRENSLARLAZENENAR

ANHANTALUNNTIEYENS A nold fAunn QIREH
NSAIARUHIUUTTATOUA fin QIR nold ladagnansn
Anudaeadelunisldeu 4 #in a tunang

< a '3 3 I3 I3 £
ANNTIATIlUMTIATIER b8 b8 B8 m

Qy -

nsAsRaTilatiouns
Aulalun1snsady A ldwangay A fin
nsvhanganeiiile 1idl 91347 Lidl 213470
nsldauuuiuRNnanane fin iin A Fiin
Auentunsldanu tunang 870 d1e tunans
nmnsvdeuingszidauazenis
ANHANTLUNINEGNEAIN A QIR nold ladagnansn
nssEyesilsznaumnaAll A nold funn QIR
Anudaeadelunisldeu 4 #in a tunang
AU luN1InTINTU 7 QG A funn

ﬁuﬁ: Kampfrath, 2023; Zhao, Lu, Qian & Fan, 2022
PNNUSEUTEU Fsiulsnmaumsydsadiivelaiusouluratesiu Ingnmelunduag
anulaeaseuaznshiiaiendngiu sgdlsiniy uiasinalinniyauwlaanizd madenldivaia

[

MVAUNLAUVUBH N UANYAULVDIUBALVDINNALULARENTE] TUNA18EUNTAl NSLITWATAARUNSY

Y

dsndsudumaiindy o e1alinaansnangalunisiasigvinudiinermans

NIUANYILAZHANIINAADY
nsldnaumnszidsadlunudiinermanslesuanuadlaindulugrelsifidfidiuen wines
Faldunsnaneiamadasaiy uifdnsdldnwaznanismaassiivraulananensd deludifu
foguaznsesulnuazLden:
1) fegnnildnaumszidsadlunisigaivangiu
(1) aansUasunlasonarsdraglud a.a. 2018, ansgaiuini (Mithun & Manohar,

2022): Tupddl dn1slamalulagrdumseidsasglunisnsiaaauenansnasdeiniinisvasuniad ne
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anunsananumsiasundasluiilionszaiuuazAnulana19eanin iy deldatuisadunaiiule
menUamsewmatianisatenmnal nanisesasaeuiiilignisiigainisUasuutatuazinluly

I 9 & Yo &
Junangruludumaladnse

(2) nsasadvenandaluauintulul a.a. 2020, @15199101905 (Knoop, Planitz,
Wst & Thevis, 2020): n157Aa89L%5LAT D9aLNUAR UNTLLETAY LUAUINTUUIUIVIR LAINT S b
anTIveIUIANT WenTIRTVeanAnigngeulunsEiliune sEUUlianansansanueEnanae

| [

yianuTanenulalaglideudanssidt remindszdnsamlunisnsvgeuiazanainuidsss
WA
(3) MInsiaeuaeiiliovuuasnnsyautulud a.a. 2021, gUu (An & Carlson, 2022):

unidelugJulaldnatinnisaienindeaiunssdsadlunisasiamaletiadievulasnnssauiud

q

Y

THluefsnanssy awnsonsranuansindefiuediifufeniduayiinisdudu tlugnisssyig
Aovasdala
2) UL Bmaaasluisuuinns

(1) mimwaauLaﬂmiﬁgﬂﬂaammaq: NRaNTITEnaaeslueslfuRnisHoffmann,
2023) ugnsnsldrdumsedsndfiannsansasunisudluenanslaininiisaiuss 35% lnsanie
Tunsaltinsldviinsladentulunisudly nansiseneassdswolld

- anuwsiugilunsasiadunisudle: 98% (Aiguiu 72% vosdEuuusaiL)

- amuannsalumssenuzadaniin: aunsassnuszuiiniiflesdusznauniaaiaeiule

12 A

(%
ad v a

- naniliflunsmsnadeuseienans 1 wih: 5 unit ($andAEaadud 3 wh)

(2) mimmmmﬁlﬁyaﬁaum (You, Hu, Kamigaito, Takamura & Okumura, 2021): 7l
17n3Tea1nunIneds Tokyo Institute of Technology LdWaLINATANISEEA WA I8AG WNTY
Fandifionsramaneihiloussuuiuininglnenantmmaaesdissdl

- ANAZIBEATDININ: ANUTaLENUREETEazBuavesaeldulans 100 Tulasiuns

- YsgAviBnmuuiiui: ansnsonmadumeiafielduulany wanadin uf uaznszany

- prgvesansiindlowds: aunsannadumeiiafiedifionyis 6 Weuvuiiufnfimnga

(3) N13TLASIERATL@NA A (National Institute of Standards and Technology, 2024):
n1sAnwTianiu National Institute of Standards and Technology (NIST) Tuanigeuinilsnazaou
UsyAvEnmmasedumssiBendlunnsaduaaianinriuusssug sanisvaaosdidl

- aausiuglumsszyadinansiandio: 97% dmuansiania 10 vdadnutes

- MInEavEas: AsRduRuNaain Nz wazinldfinnamuds 5 Tadums

- IpAinengatunsngiadu: 10 Fadnsudmiulaiauy uay 50 Taansudmiuialstu
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M19199 4 M RasURanIIAaesUTsUsUiumATANLAY

A1INAADY ARUWSEIE NG wAdARaAY
A13ATIvdRULRNETUADYN
AANLLUEN 98% 72%
LANTIVABU/RTN 5 Wl 15 w1l
AMTIATIERYUNANFAR
ANNiugluNITIEYTie 97% 85% (GC-MS)
N1SNLANLANUITIY U 5 dadiuns (W) liaunse

QPR RN

AUAZIOYA 100 Lm 500 Wm (Waeu)

L A A = =
21YAYUINBVIATIANY 6 DU 1 -2 99U

ﬁu”lz Jarrahi, 2023; Takiguchi & Nishio, 2022
Mnnsdifinwuazkamneassvani uansiifuimaluladadumssiBmdddnanimasly
nsUszgndldlunuiiiinermans lnglanizluaunisnsisaeuionals MsiATgiansanin wag
mansaamansiindiowds egndlsfnu Ssdamuimeluiudunuuasaududoureamalulad s

araduguassasenisinuldegaunsnanelussesdu

NM15ILATIZIRLAZIT0
mi‘d'ﬁzqmﬂ%ﬂﬁ'umwL%imeﬂmmﬁﬁ%mmmam%ua@ﬂﬁﬁuﬁaﬁﬂ8ﬂww1'7iiml,eiuiuwawﬁﬂu
Tnglanzegaddunsnsaaeundngiulagliviharsuazaudasndosefuiiaau eglsin
nsthmalulagdunldegraunsmanedindauimeiiddey Wowssudsuiumeiianaiuadumn
seidsnduandliiiuiuseansnmimienitlunatensd Tnsanglunisnsiaaeuenalsuaes
wlasagnsiasisiasandin Anuaunsalunzaneaiagatsviialeeliseulanieviate

£
2 =

ussiadudelaiSeundfy wenanil dsaunsansivmaneihiewlsldmemiuazidenganay

'
v A o

aunsoanInumsidefiflongannniiisnudu ogslsimumsliadunseBsedssddosiniiddny
funuvesgunsaluazaluladfinigann Ssenaluguassasensthanldlumhesuiflsulszanm
1 wonanil mnududouresmaluladdifosnisdidmmglunsldnusasiana dsoradu
daymlunsilneusuyaansliiiinuziiiose aavimednUsznsvisfonsiamanasgiud
Duilsensulusziuanadmiunsldrdumszdsmdlunui@inemans msvmnasguidaay
omdmarion1stensunantsIsedlutuma saduusaduddidedldsunmsutle uenani &
anudndulumsiaungiuteyaaunasuvesanseng o Iiasouaguifloiinuszansnmlunisg
At Tuidvesseiiuvnasiessaunazngming mslirdumssismddnaidnnieiuanandu

duuarnsasidednsuyvesy Ineanizegrduiainanldlunaisisae anuaunsalunis "ves
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gy Janunedieaiillgnisldnunasinnnuluduiivesyana Jsdndudesdinisinuaug

MansldnuuazngvinendaauiteUesiunisaviingns

Aspirin

Methamphetamine

Al 4 msesadnawalulagadumssdsedlunsasin fumansiandn
fisn; http://nkc.tint.or.th/nkc53/content/nstkc53-004.html
uonniaruildvineslunaddanaluladsevitenihenuing q Sudownanduyui
a9 919t lugmnubiifusssulunszuiumsyfsssy mirsaudideudszanaminnitenaiaig
IidTeulumsduauuasiigaivangiu Jse1edsmaronnugissalunimsn ufgdanuime
wianil widnenmuesrdunszdsndlunudiinermanidmaiailasas vl imunsdely
Tuswan msasmulumsidouasimuniiioandunu Wiadszansam wazudladosidasing 9 andu
qzyl,wéi’wﬁ’zyiuﬂﬁﬁﬁLwﬂiuiaﬁﬁfml%’ashmwiwmamﬂﬁu wonaniimsadneanusauiiosening

§ Y v o

tnineneans gUsiuldngmune wazdivuauleuisasdudsddglunisimunuimenisldnunid
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Abstract
Genetic investigation is an important field of wildlife forensic science that can help
investigate evidence and trace the origins of confiscated wildlife. Each species has a specific

distribution range by zoosgeography. For instance, this includes the Asian elephant, African
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savanna elephant, African forest elephant, tiger, leopard, and various pangolin species.
Therefore, the distribution ranges can be used to help trace the origins of confiscated species.
Moreover, genetic data can be used to investigate parent-offspring relationships to verify the
origins of captive wildlife as claimed by their owners. In cases of uncertainty, such data can
support the accurate and transparent documentation of captive wildlife possession. Therefore,
the genetic investigation of wildlife more effectively supports the enforcement of wildlife trade
regulations in Thailand, aligning with the intent of the CITES convention.
Keywords: Wildlife Genetic Database, Microsatellite, SNPs, Individual Identification, Parentage
Testing
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- 2567 9WdwudeyangudnsAnwitensUesiuusemedugs (C4ADS, 2025)

4

2. pnusAyvasaydualunaiunguingdnfiien1saIuANMsanaauAdn iUl
4

=

alawa v3e audmanIiensAseninssenadulndn iUuas e indgey

[
o Y o

3

9

‘ﬁuﬁ (The Convention on International Trade in Endangered Species of Wild Fauna and Flora;

=l

CITES) Ap oydyaniinannisasuiadennassefuunnmiseninedguiavesssmaniodgnng
§suszmalneldsanasuimd efudl 3 furau 2516 & n5920T9du 7.9, ansgeiuinn
Fusendndondlein DU Y10 Y (Washington Convention) fuadaduldiflotud 1 nsngieu
2518 TneUsenelngldlidmertudotudl 21 unsian 2526 Snusuaiiietostunisidniviuas
fianitlaidsBu Feoralugnisgaitusvesslinfusing iu (Ministry of Natural Resources and
Environment, 2023) Iagilszuunisveluaugin (Permit) uagmivdosuses (Certificate) W1
(Import) d@seen (Export) danauseanty (Re-export) waguid1ainugia (Introduction from the Sea)

Fepuwuuingveseudyyatuilivyisevesiaiugiviazdnd g Umiﬁumaumuﬁu 3 Ugua

v s v 1

laun vllaiugludydnuiea 1 Lﬂu%uﬂwuﬁwmmﬂ Indanyiug mumaamwmmﬂﬁvmﬂmq

9

v

msflaewinuin viaiugludgdnneiay 2 Wurleiusidsidesiensgaiug a1unsodeeeniiio
Taguszasan1en1sinle wasellaiugludadvunean 3 Wurlianugigndunsedaeyseinalunid
Yosaudan dvsulssinalnegiundn dween vieumu dniuniiegluldnyduuuneveseydya,

3 A7}

U

NnURFazdedldsuaunInaINNIUENETLLYR d0dUn wagiugity (Division of Wild Fauna and
Flora Protection under The Convention, n.d.) dm3udnitrsudsdnifordeeyluiminiinig
nsznsRana1aseslasuatgyInINNTUUTELA (Department of Fisheries, n.d.)
Uszinlngldinisusuusautlungmneindhenisidaion daldmuanginas sedeu
719 1 denndesiveydynlama loun nsenwlyafanuiasdunsasdnivl w.e. 2562 daufl 4

MUY dsoon WrethW1udsdn iUl uazaunsIadn iUl 1R 22 83 11891 27 wey WisTUUygR
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e wa. 2558 1as1 5 il leniwd deeen visethwudsndns egelsinuaiunsanseyinnis

[ |

aananbauinilidadungunaeiuazlasuniseyqyinedegneies At sudyyitanadsdunum

o w

ddglunisauaunIsanasuAtdniviseninelssmevasive Fadniviveding mungnsengis

o

Auuabidnivivnssiadudniviquases wea. 2567 drulngllasunisdunsosnneudyailona

v o 6

fegrsvianugdnivivesinelulyinuieay 1 1w Wd@elase (Panthera tigris) \don1 (Panthera

]

pardus) $14 (Elephas maximus) n5e914 (Bos gaurus) viianugdnivrvedinegludaydvneiay 2 wu

8919 (Macaca leonine) dia@u (Macaca arctoides) 1l (Cuon alpinus) Wig (Varanus salvator)
a v o &1 v a 1 a & A < . .

wagvlianugdnivvetnelulydvaneay 3 Wu 8uiua3e (Paguma larvata) seusda (Viverricula

indlica) 1139390 (Canis aureus) (CITES, 2025)

aaa 4

3. nnsrangaUlugnsuluulAInemansaniUl
nnTRfigaliugnsslunuifivenmansdn i Wunsnsafigauneumdngiuaindiegns
Foguowildandnd dmsuieeildaindnivwesnaniiannsadunnsafigaiiusnssuls
IFur Ben e duwu videdladosa 4 Ssmmseiigniind magiesesisiaiugnas (ONA) i
WS eui oy 1 eulearutd 999 095gny e an weu w5 ouna 9 wrvesdad Ul

oAty 9 iendarivuiazylaliunnInseneiug usssumanuandieiy faly vinnsuyia

v oy 6

RHugdn iU vesnansiniadala AagnsuiamaswmuslinvesdniUivesnansiy 9 e 1nNSRTIER

9

U 3

dorivvaananslulssmealnenium Yesasiliausaduunsiaiugandnvasdugiuneusnls
A98 190 W 183na19UsZIANNT I 1NANE U 13 aud U n13szy YA uge o8 (subspecies) 104

Ao iU veInanaityIndnind@slase wazlden1 AndnuuzAeUn 9N liaeNudUaUls Wedn

Y

glanuggesveudelass uazidennidnvarnsueniinaieadsiuuin ldnenduduy vuead
‘18 (Castello, 2020) wonantdmiviunsila wu 90 Janummludsitrduases snunszsvdygf

anularAuaTesdn iUl wa. 2562 lleugnlvian visaseuases uilurmeiediutiauiansdiiy

va o ¢

dadmvuzaunsesvdyAdndinavug we. 2482 am1saiies waztnizvetenugle uddesan

o
' +
aa v

neifounigunssadunsunisunased wagdeaiigauladndudieilaannsduiugand i dls

sUnssawi 19l Wedesiunisdnasuihdisymnaimdnsidud 1ty dmsunisnsianag ol

v v

wugnssudadioldilunenumangilunmsanuduafinendunisanasuanumzleudagunssadalun

9
[

DutaduresUsenelng agldnsnsiaaeunnuduiusnasid onsenineme-wi-gn kagn1snsin

TUGNTTUDIE UM Bensuavenuumiand iU wasiugity Saudunsunisunases uagnsudednd la

3

o v

IpvgIutayanugNIsuYestIsduNINndl 3,500 Wen warligudeyaiugnssuiilunsseuiiey
HAN1INTITNEUNEN WG IUINERIUweInawdmSuAiuad (Thai PBS, 2017)
dolass wazmdonnd munszssdyafanuiazAuasesdaivn wea. 2562 Yadudnivn

'
U & A

Aumsasnldounynlinsounses wiamniugiion silaeinwin uid1ansanseuasaliitanang
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audniviniu lnsasfesammudounsounsesiunsugremuuiand dniln wasiugits sadsiouds
yniimsifia me vesdnifiaseunses Insamzidelasa axdesudweintemameniu 1362 Ii3aiign
(Forest Fire Prevention and Suppression Office, 2515) L‘ﬁﬂﬁﬁm‘ﬁﬁﬁLsﬁﬁlﬂm’gfﬂaauLLﬁxﬁﬂﬁﬂgﬁuSﬁaga
maiuanvesszenadoladdlunsadios fednduasesdnivi drdnoydnuderivn naugneuuieni
i uagitugite l6lideyadn gnidelaseiiifinlumi aziimstenmanadelasdlusmeing o 1wy amany
Wedet1evedda aewinin sty uavaneme Ssanadelasdidnvaidusau (strip) wasd
ndnualiameiiueriumetinfovesnus annsoldssydald (Shi et al, 2023) uonanimnedon
wingUsyiaudniazilsridlilastnlivinaesinmvdweadelaseine lnefiidmiiivesnsug ey
wisi doritn waeiugiy saunen Sanseidu vosedsiliaunsosmamsidbilasinanaios
19 FsdwdudeaSeuiisumennamdneluguteyaieldszyfuasildulasinsialn viliiAnemm
duan faihy Wodumseunulalidnsdnaovanmadoudelass sufamsdnaoudenidelnseiions
Tunsadiss mavhanesnidelads Ssfesdidmiinfismdunenudie dwmsulunsdidonns dmsdevin
nefoumunusuieiudelass udlsifinsdieamans emnaedeanilanuuzedenennaty
(Rosettes) wagns¥ 2189 AR AU 962 N335y fa9naneLdeniadagaren1d ud wirldean
(Mahaliyanaarachchi et al,, 2029) uonanilidenmusilAfiuazae @Aty iy e dafumssey
fdsenfensnaiigadiugnssduvan egndlsinu gnidelasauazideanimadiithuneanzidoy
uwiaAntu asdadldunannisuiuslunsades vieluasinfigndesmungune Tnedudsaseunsas
wdesEninsasyyie 3o wi vide unasiuvesdniiiunaanzidounseunsedld eldmig
ATIRERUNUENITUMINTITeaadY
MsnsIfigatitugnIsuemAnuduius s eidonseninswe-us-gn 59uian150399

A S U 13

Wugnssuieseysdnidalimnudndudmsunisiigauiieduduin dnidatu 9 launannisduiug

4:1::4'0} 13

lunsadssaswmuanads wseldlunsszudlunsdifdnivisvialifiasnareiuendnuel

¥

wnzsa Wi 99 Weldilundngiulunisaansifoudigunssadie nislunsdnisaanedeou

1 v ¢

ATUATRAABLASY uazdannlunsudes audsldnsiangatlunsdiniiveasdedn dnidiu 9 019l
g

=

Aunliigndas niedinsdnasuamunvideudnd nasnuldnsiaiigaliiensivasuiazinniu

Wasve e unangIuntnaIndm iuivaenans

1 ¥

4. MInsangalviiniugdnivivenarsludningudns (Elephantidae)

9 9

[ 1 174 ¥ =

dningudndludagiundstinmsnszatenuglusssuead 2 vilaiug Ao Y1ueide (Elephas

q
I

maximus) uazdnauwenini (Loxodonta africana) Iasdaieidediufinsyareiudiaudauaynsdude
wdueideny fusonideddiadluauiunizueiiier uasmwesumiiofinisnszaerugiuivszme
wihaauniweuldvoumeginam (Williams et al, 2020) daudrawonsmitiuiinszaewugluniv
w3 nusaueN3nTleayensn (Sub-Saharan Africa) wuadlu 2 sfiaviugees Aa F1avjauensn vie

African Savanna Elephant (Loxodonta afficana afficana) 3adulszmnsadlvejfinsyarenugluniy
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wevl3n A Usemennd e seuldvassamagai lawen ygui winwde wedlnan uwwude w1a3
wniiile wanAt Futun 8% (Gobush et al,, 2021a) wazd U monsng %39 African Forest Elephant
(Loxodonta africana cyclotis) nsgaeriugianizlusaunzunnvewiviensn laun Ussneleies
Teaast nun lu3iSe waegu nues Aedin giiua y3uR =i (Gobush et al., 2021b) (il 2) Faify
ynnsuriiafugesindiafozannsaduuvasiiulussdugfianavesidravesnandld deazdy
Usglomflunsinmuuviasiinnveanats Tnslamgluaiinsdnasuiuaziindrandis ivszmelne
asadaliduduwauinainnisanaeutidngaenanlssmamakaukensng Ineglul 2557-2558
nsuAanInslneansansaadnndsavldunnit 10 du 3elud 2563 drinnuduaiunusiung
ans5e13n1 (Homeland Security Investigations; HIS) lésaududisdmindiganinslne uaznsy
aneUUiId dndUn waziugie Alunsnuiieg199191au19EIUnTINUENTINNT19TBINA1

[y

Wweuleaiuanau o Wieldvenenalunisaiiuafiugineites (Customs, 2020)

Portugal I Israeff S { Afgrlaipistan
W { “Vyordan N Kewait tran S ’
Spain orr:cco | _ ™\ b Pakistan
7~ Algeria P Libya Egypt [4
W, Sahar,aT > A Saudi Arabia Bahraing )
[¢ | : ™~ . _ ) United Arab Emirates—{ o b3 o Taiw
e \ S p / Oman N P
:—4 Mauritania ~ J J Macao
\ . T | ) / < 1 P
— \ Mali | Niger ) e Y "‘ % v Slietnam |y
Cabowerde SehegahA— é — / chad /0 Sudan Ergea\ Yemen . / o Tﬁéna;ﬁ Philippin
e~ BurkipaFaso®., S NN . AN R,- Jcepotiay 1
Guinea-Bissalr_ ( & B Niggrié/l-e Djibouti( Y : oy
L, - $ifogq) pay Ethiopid O Q@yiLanka
Sierra Leorte R’»‘€6te q‘{vofre Ulege \e/ / . J Maldives N,
[Ote yvoire - ":Camgfobn_ { / ’, 3,
Liberia®y's: n\g 5 _OSN A7~ Somalia By e Br“”%‘n,,fg
Eq. Guine X Singapre Malaysfa
il . S
S&o Tomé and Principe’ G reango A 2 Indonesia
/(€ ) 4 'W S o
g Do RegILenes Seychielles i
l’]‘ . Br. Indian Ocean Ter.
14 . n o &
d feDE UG
] qeynug
Saint Helena / a
Tbiaue Hraede .
q Madagascar Mauritius
France ,
Frevjsuanini .
A /,H eSwatiniy Y
South Africa  Ckesétho deduentni .

= a A I3 v v i a v | a Ao a i a
AINN 2 LLNUV]LLafﬂ\i‘Wu‘Wﬂ'ﬁg'ﬂqﬂwuﬁqsuaﬂsmﬁl,alﬂja %WQV!JLLQ‘V\hﬂ'] azy19uIuansn VIBQﬂJL%ﬁ@@gJJIUSSSM%WG\

wazayiugluudy 8198anudayasann IUCN red list (2024)

vaanandlungudnisinandsiingandalddulugiduvesnarsUszianandresdivuas
wanauifiviinnendg uenanidinsthfandeusuuniiamienelzdususdasasiadade
18w nseqndnd 187 uazisu (Buddhachat et al, 2017) Fsannsnduunldandnuausdagu
neuen Tneat1aagdatenzunss (Schreger lines) u3inmtindavesa Wudnwazameainuly
ey ssmnsigIrImERzLARHasuAn s usEr e un sty (Cartier
et al, 2020) MsnFIAFIBTUENTINTT AT ululunstwunviaiugndedagdu Ineisnas
n3IafgIuvianugresntaldnisaensianugnssuansuy (Mitochondrial DNA) wazinsiia
wugnssuildluiIsuidisufugudeyaiugnssuvesquddoyamaluladdrnmurisnnd (National

Center for Biotechnology Information; NCBI) ¥84@%5§tu3n1 %307L58n37 GenBank Lyl
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A5 seleR uMnars AL osansuLd 09y (Basic Local Alisnment Search Tool; BLAST)
fetuduiusnssumeuiitenlflunssuunsdaiugadng 1dun ND5, Grtochrome b uag Control
Region (Goffette et al. 2022; Hale et al., 2021) JagUuiimsAnuimuiyansiaiugnssuangdrawuy
nAN1EsaLunsdaugtLal@ekasntskanInlanad widiludnisuiunldluauad
(Thanakiatkrai et al,, 2024) lunsdinsnsvaouuvaTisnniwenatsilfaindrsuennn aunsa
thsaniugnssuilldundiaszvidielusunsumiuvasiloge1dsueadne (Loxodonta Localizer; LL
software) Fadugudeyaesulafinusudoyaiusnssuazumasieg erfevesirsuonimiussayi
(Ishida et al., 2013) n153ATIEINlagn1sUeudayasiaiugnssuanauilugiu Control Region Lied
316 gLua leduAuEsTiINvesos wesnans Fsradilsannnisduduazuanieenyluguusuil wieu
Jnmsauanssiumisuvasendovasiegedniay (nmd 3) Camothers et al, 2024) Mndfayansns
fnndrefidnasuindiuilulssmalne witndrafeuiomeiniunainginiawening (TRAFFIC
International, 2024) uiAd I udeansIaRgandngrunsiiiineeanisnonisasiaiugnssuLiie
fuduin lldndheiidusidaanysemelne

Loxodonta Localizer
Introduction

« Loxodonta Localizer maps the localities from which mitochondrial DNA sequences have
been reported for African elephants, Loxodonta africana and L. cyclotis, using the dataset
described in Ishida et al., 2013, updated with additional sequences.

Greece Tiirkiye

Portugal 1 Turkmenistan

Afghani
« Enter a 316 bp mitochondrial control region sequence from an African elephant sample to porocco 3 o 5
display the localities from which elephant samples with similar sequences have been - Algeria |\, Eaypt

Sahara

reported_ : [ Saudi Arabia’
ol Oman
Mauritania Nei T Niges [ 2 -
Input sequences % [ T
=<\ u oo A/ /  Guifof Aden Arabian §
-~ I C s o e .‘
A ATAC s ulf of Guine
o o
L)
.0 \

Enter a mitochondrial sequence that is appropriately trimmed:

Or select an existing sequence for demonstration: | Select an existing sequence v

South
Atlantic ;7
Ocean South Afri

Clear o fles

AN 3 uannsldwensiuas Loxodonta Localizer w38 LL software lunisiinmiuunasuiniinfiunadisves
nanfiwamInsgeiugluiwensn @jauersm wsteduensn)

wnsefiun: gmsﬁaga Loxodonta Localizer #38 LL software (https://www.loxodontalocalizer.org/)

5. msnvngatvtiniugdnddivainansludningude (Felidae)
Fninguideiitannidutmunenisdnasudlususiudu 9 vedanuariiiunszaeiusly
Uszindlne Tgud deless wandonm Feisaesmiindiionmenssneiuglusssmniduiiuiint saud
finsdnasudilan
Folads (Panthera tigris) Tlvansnszneiugsusuinamsinavunadou Junoumie
uALNTBUFE AUALMTBUlRTY in1zauAT 11291 wesnemauwiletesauaynsduladuiuly

faunueldenziueen muaymsinva wasneuldvesUseimeasade wialu 9 winiugdes laun e
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lasawuanea (P.t. tigris) \@elassledise (P.t altaica) delaseaunns (P.t. sumatrae) \dolasaduln
U (Pt corbett) 1@ olasauany (Pt jackson) vdolas a3 ule (P.t. amoyensis) uas
3 wilaugdes Agniugluuda leun 1dolasawan (Pt sondaica) delaseuaaideu (Pt. virgata)
wazidelasaund (Pt balica) (Alberry et al,, 2024) Fausazviafuseoofilunnisnszaneius
funndneiu (nwdl 6) Tnevdesiuggosiinsnszareiugluuszimalned 2 vlinfugdos Uszans
dnlvgnululssmalnedurianuigondolassdulniu drudelndwany IAuinsrareiug

mamaulavaalsemalneviniu (Buddhakosai et al., 2016)

Egypt

Aoy grunug
g gang

[ERICERIEE T

Aeey g
g qumug

\doladern

3; \deladauanea . \Folnsauwa
| (delasedulaiu . \feladeduld .
iielaseuang \deladalulite
:‘; \delaseguins .
< dl\ = d" T 4 > < ~ A a o 61 Y a ) - R .
AINN 4 LU LLamQWuWﬂig"iﬂﬂWuﬁ:U@QLaaIﬂ'ﬁQVN 9 TUANUTY DY NBINTUYDY AV Molina (n.d.) kag IUCN

red list (2024)

[

\d0n17 (Panthera pardus) Hwan13nseatenugawanivwansniluaudegiiniatede
pgiuean Taudumey wuadu 9 slawudees liun @ennuensni (Pp. pardus) idenmeszle
(P.p. nimr) \@aalesilie (P.p. saxicolor) Wdan118uLAY (P.p. fusca) Wdan1AsasnT (P.p. kotiya)
\Fon138uladu (P.p. delacouri) vian133uld (P.p. japonensis) vien139143 (P.p. orientalis) way
Hoamw1 (P.p. melas) (IUCN red list, 2024) Fausiaaiiaiusgosiiiuiimanszneiusfunndredy
demniunansssurfuusiuiiuiinnssneiuivesdonuaseiaiugeon (biological barriers)
i i with i Tnedennnennifivssrnanniian dwsuussmdlneifuumasnszeiusuos
Foaduledu wunsnszaretusluiiuiving fusn Taefusitdhd9R (rawaddy River) wistunnis
nsveRuSsErissndeamiufuandenmduladu whinfisa (Pearl River) utfunnis

nseeiuiveIUsrYInsdon1IaulaTuuasidon17uls Jacobson et al., 2016) (1wl 5)
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Tuds §198annudayaan IUCN red list (2024)

Yasnanndelasanazidoniinasadalalulsemealnedsag il Wed 1By 91n9ad s

TUasgnidenidin mansiafigatviaiuggesvesgnidevesnaraduisniedmsuldlunisfianium

)

WHaNINNFI0E19BINaNngIa8nunle egnslsianunisnsiafigausiiniiugees (subspecies) Hry

I3

avlBunuNNIININTITTaNLS (species) fau Fsradlinisnensiaiugnssuvaneduduuiiasey

iy Fadenldnsiiasgiiusnssuansusl WU Cytochrome b, ND1, ND2, ND5, ND6, COI, COIl

ATPS, 125 waz Control Region usiifin1sfnwiiugnssuuueelalauldlunsduunsiiniugeessiu

3

(%
Y v a

A28 (Gouda et al., 2020; Luo et al., 2004; Uphyrkina et al., 2001) uwazu1sn1s@nwlgvisdu Col,
Mitogenome 38032714 Genome-wide Tunisduunuilawustssveadelass (Ashrifurrahman et
al, 2022; Liu et al,, 2018) dwunsAnuiugnssuyiniuddosvadion1idinw198aniu Uphyrkina
et al. (2001) 34148y ND5 SrfvudITBY Control Region a8lsfina Manafigatisdimiugdenves
dolaswazidenmindudedigiudeyanugnisuvesdazyiiniugosdmsuldlunmsseuiieusie
lngldi8nsadisunug dduliansITmuinis (phylogenetic tree) %W'igqLﬁaiﬂi'mamﬁamaﬁ%aaﬂa
ugnssulFanmMeAnwirng o weunseglugnudoya GenBank Asunnvdinfusdosudy 91nuans
arvugnssuiosuundnifusiesvesgnidelnsswenansdiiidin 3 i Ansaadaldluszmalne
2 afs nud gnidelass 2 dduriniugdenivanen wardn 1 dudusdieiusdeslsdiFe dalidu

71 gnidelaswwesnansimuslilaiiuiidalusssusfnusewelne (Thai PBS, 2022)
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6. MsnsRgaiviausdniuivesnansdudainguau (Manidae)
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A1 (pangolin) udniidssgnietiuy mudiiindaunagu fmsnseaeiugiaudging
weninaudedons fusen aunsnduunaiafugldiomn 8 vdaius 1dud Auduliviesun
(Phataginus tricuspis) Auduliivioss (Phataginus tetradactyla) dudny (Smutsia gieantea) A
wnfia (Smutsia temminckii) audwile (Manis crassicaudata) duiw (Manis pentadactyla) al‘u"qu
A1 (Manis javanica) wavauTaUTUd Wanis culionensis) (Cota-Larson, 2017) %aﬁuuﬁamﬁmﬁuﬁ:ﬁ LR
snszeuSwAnAneiy Taedu ¢ wliaudusn Tsmsnssneviuglugiinmauerm wazdu 4 silasiug
e Tlnn1snszaneiuglugiininduie neuldvesdu elunyTusenidedls uariauTud audwiu
(i 6) (UCN red list, 2024) Faqtiuanunisainisdnasudnauialantfudeudl 2559-2562 3
it uasfadinisnsadnduresnandldlitiosnd 60-150 afs vesnaniinsaadaldd
FaudBuiiitin 1nfnau wanfasiildnnmidsau (Challender et al, 2020) mMInsradaduvonaly

=

Uszindalneanlngasiiuvesnanyssamndndu neargadminnmenisivelansingandndun

dnasudldnda 1,400 Alan3u (Matichon Online, 2023) Fannsdmunviinfugauaindnuwazinds
FesendeUszaunisal uazilenaianaialigs nnsmsrafigavdadasiuganindad uluaudd
Inermanidaleulin1insiaiiaadwugnssy lnenisaeasiaiugnssuaswludiuvesdu
Cytochrome b waziU3suifivufiugiudoya GenBank ferdosilo BLAST masmauaiiaunugiisls

a

ane 3TN (Ewart et al., 2021) vilinsuiiawdiniugueananiy wavaunsofnnuuwmraaninie

FunLiln seNuINanauYeInatdld NuiuNnUsemalneanusansadanandulasiuiuratedu @9

dndvgfuvadeiinanusemelunfiniauenn1visau (TRAFFIC International, 2024)
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MssryiLazn1snIafigadanuduiudnisaeidendiulngldnsivaouiinivesdnivn
Fosasdeiiinisuisnsevasedlunsudes Inslawizidelass on wazdna fougaalianunsn
aseunsastdduunsd Sednimardinsdaimedoumuauiniulssrins Taedfuoun el
AseUATEsATABILTIMINTInIsan Wieiuduiudnifinuasounses Inonisudsaseunseadelase
waztslulssmalnelainisdnvingiudeyaiugnssudnisiudunisaanzdounsounsonie
Fsgruteyariugnssudnanifumsnsinaefunididule (DNA profiling) Tnelfiaseamnesiugnsy
Uszianins eanuielulasusvinalayi (Short Tandem Repeats; STRs) wag 4A3 9318
atlud (Single Nucleotide Polymorphisms; SNPs) lun1sseusiuazmeanuduiusnisaeien lng
n1sMANdNiusSIsE i ensznitae-wi-gn agldnsiuSeuisuaefiunfo weuueslalyy
(autosome) @ slasUniignazldsunisaneveniusnssuanaInwonazusog1sazivin 9 fu uay
anuduiuSnanedenvzanadluSes 4 mnduedeqnivinatusenly (Kanthaswamy, 2024)

Hagtusimsiauaiemnetugnssudmivldlunmsasemefiuididueieldssyduas
mamuduiusnsanedentesdnifesieitirdomnelalnsusminalar usedommneaiud dadu
YnR37981593USNBINUNINIFINVOIAINANITUEAIERSER TN (International Society of Animal
Genetics; ISAG) (1SAG, n.d.) yansatugnssusesindesmnglilasuenalasidmiuszyfnasm
AnuFuusnaaeidoniivienuvissnain liun yansa9iusnssudnsaguvesqiv (Themo
Scientific™ Canine Genotypes Panel 1.1) §112u 19 1A3 84318 YARS299 UG NT51A 1T 93 Uv09T
(Bovine Genotypes™ Panels 1.2) 31u3U 12 PR DN (Kanthaswamy, 2015) Yo EaEinRL
yonsraiieldsryfuazmaudiniuinsanadendns e osaneatiudvosdnides lWud ganee
Tign551EL393Uve5T7 (Bovine ISAG SNP Parentage Panel (2013)) $1uau 200 13 aawsne (Schitz
and Brenig, 2015) LazynA399WUTNIIUA1593U1094 1% (AgriSeq™ Canine SNP Parentage and ID
Panel) $1uau 381 1A3 0sne dvduial esmneugnssvesdaivadilifinnswaunduyensia
difagy fansziuAdnsfnuideduniaiomneiusnssudniudn fiudazedatusiiieldlua
ARTnermansdnivn dedulngidunisdunieadsamunglulasusmnalaridieds cross-species
amplification feghatu nsnageulnisminglulasusninalavivesusnludninguide nasnaud
msveaeunsoinglilasusnivalaviuuuiafiondndg (multiplex STR) ieazanuarUsendanian

Alraelumslaiiasziunngs@u (Zhao et al, 2020) Tuvugnsfinwinsssmneaiuduusslalouves
doivndrulng \WunisldieIemuneativdiienisiuunnguuszrinsdnd Fedaguuiendnwily
58 UT LUl (genomes) (Hyun et al, 2021) wen dn15AnwLAs oenuead uddns uldluamuilf

AngFansdrnivInIe WU @alase (Ewart et al,, 2024)

UNIASITHAZTUNINTA

1) msasrangalvdanugdnivivesnarsdmiuldlunisinanuundeiiun
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¥

n1snsiangaliugnssudmsuszsysidanuidnidenldind ssmaneiugnssuuuy

9
[ '
A =

Yuguysad (dominant marker) 1 onensHaRUSNIINAEAY 9 ¥3071138n71 ALdWEUISIAR (DNA

1 o

barcode) Megludnililvneuisafidue (mitochondrial DNA) Faluiugnssuanewifdnom 10>-10° 4n

'
1 =

Fwiawad (Copeland, 2010) ylinnsiaigauiugnssusieIstanunsaldiuimeg niideuanin vise

[

08 19N A UTuuasugnssuiesdndeals egelshmunisduunvtiaiugdainieisnisnsia

v

wugnssuaneudlaionansuladn dnduu o Wudaignuauduyiaiuduialy (Amorim et al.,, 2020)

LY

Wranenseduldngurunevesusewelng WesnnundyafivesnguuneimuaUssnndaitilay

o

S8

Yy a A v ¢

9198w oInemans aeiudddannsaderuldngrunedudaignuauls uenantideliigiuteya
Wugnssufivesalumsiamuuvawuiiavesdnivinieismnsiadeuvianugii e euleaiu

v 6

YaurANINsEeiuginnzvesdniUwsazsilaiug UssneutudadUunsiiniugiliunnmnszaeiug

'
a

N9 wazdowriuiu wu duduliviesnn duduliviesin wavdudny lnewnizlutdagiuiimesuas
yudsdaivinngidniasiag g vialan nvednsusuussaneiugdnivnienisan inlviugnssund
ruduzaufslusaziunnisnsseiudiiansiudeu Aui Msienuuvawuinladaivives

v o [

nanINMsnsaigalyiniuddniddniuneedeneumangiudu q Usenausie

<

2) N133EYAMATNIINTIINGIUAIUTUNUSNsaBiBansznInawa-uai-gn dmsuld

ArdsuBuduuvaindailndesssde

in3osnglulasuevivalasi waziedesmneadudifuaiommneiusnssunuutusim
(codominant marker) ansnsaduundadaiidu heterozygotes ¢ Fsenunsaldlumsmsafigatiiions
sy azmMANNduRUs s adenseninsne-ul-gn agelsianu n1snsadinaTndudeldy
sugnssuvuoelelen Fuduiugnssuieguuinedesfifuedififios 2 yasond wsadiviiiy
vilinsnsaigadfenandeddiegefiduiinamaiugnssunnninmsangadviaiugee
WUFNTIUMIEeId (mitochondrial DNA) ﬁﬁﬁwmuﬁuqﬂsiwmasqmsgﬂw,wiazLeuaé

myianiedssmnelilasuevimalaslunuddinermanfinldvaremaia Jaqiu
Nuilfdnemansveuyedwardaideyldmaiinaiaasdidelasluida (Capillary Electrophoresis;
CB) lumsiinseviied snanglalasusninalad \esainannsausnvuinanuenvesauiuai

[y

uanAnsfudies 1 géduiuald Ssmamadinneisuudduuadaeisl fddesmsnasgusswing
00750117 gdduiuairiniu (Buel et al, 1998) aunsziadinisimunmaluladnsvafuiuagell
(Next-Generation Sequencing; NGS) flansnsnnensiariugnsslddnumnniissesuilun vilvianansa
Ansgvisumiaivduumeiugnasldnsouaquitediuy JefimsAnviiiedadenduminas s
13 pevneUgNITUTTIANLAS peviseadudT v UnIAnwUsEianeng 9 sufanuduli
Inermandinnd u saentuiinisimuied ssaneaiuddmiuldlunmessyfuasmanuduiusmg
aepdonosdaiutaziaiug whnedemnelilasuenmalaviuazesosaneadiud avduivensulums

sryfuaEaTIImAINdTuS Teaeiden fenseiunsiaues smneugnssdlunuilAinenmans
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Fududosdrdenmunasgiuana Wi elinailfanmansafiguifianuuideiie wavannsonmaaey
Houndufsduneu Tnsililumensafigadld dwiunpsguililumeianesosunglalasusmna
Taviuazias emneai Udveadnd i ui seusulusesuaina Idun Intemational Society of Animal
Genetics; ISAG, International Society for Forensic Genetics; ISFG L@ ¢ Society for Wildlife Forensic
Science; SWFS uananiimanmunied ssmnewus nssudsndud swmaaoutung ulszeinsd fia
vannviany AseunauUsEnsldinnfign uaziisiuauiaegnefiannwedie Uiang et al, 2020) G oy

Fodrinvesmsfnuirsemmneigns e iUl

Sunuadesmnelalasusinalarivaziaiomneaiudimnzanlunsszyiuazns
psafigaimuduiusnameideatesdn Futudnulssang waraniunsainsauuudendn
(inbreeding) Tuuszgnsvesdad vl ausiiu q lnsarursanaaouiad eanuiewus sy
fnzay uwavdnnuniemneiiiemedmiunisnsiigadlunsdsing q ldnnaeeny 1Fud
Hardy-Weinberg Equilibrium (HWE), Polymorphism Information Content (PIC), Heterozygosity,
Probability of Exclusion (PE), Probability of Discrimination power (PD) w0 Us U (Zhao et al, 2020)

Jaydunswamnes smueaivdlunmsasiafigalanuduius nsangidanseninane-ud-gn ey

£
[

wanuaiduia esnuneaduduuy biallelic 1 oaarnnuuudlunuind qa (Samaha, 2021)
Faedosmnpaivddnaniifies 2 Sada luwiamnadesmneiidu luuueiiad esanglulasugy
walaridlvgllfanunainaievessiuiusadafidnszilduinnia (polymorphism) ¥irl#nns
nfigaisesideneaiuddesldduiuedommnomnninedesmnelalasusimalad egns
ffon 16-20 i Tnedredeanyansrafugnssudnsasuresatiouarfa venandmnuszinsiinng
NALWUULIEanTAge Miousazdadinnulnd@amaiugnssumn Adududeddduiuaiemane
fugnesluntsiesesiifinniu ddu idomueaivdiadufivnadosdiomdudniuvdeluns

nagatluuiiIne1mansivingy (Kowalczyk et al,, 2018)

unasy

N1 aIdiugnssulunuidfinermansdndvaianudidgyranszuiunisinniy
avRaUduduuvafiunvesdnivivesnans wevsylevilunisduauasuaiu wazlildunds
neundnguiitanind efielutuma fenseifu Bnsnneiiguitugnssudaivuiionoudni
Rerfurdadaivn msseyi wagmsmenuduiudynsansidensevinaie-usi-gn Selsifinnssiamn
yansrarugnssudisagUlunamsin eglsfion mawauietesanefusnsmUssavsng 9 Sududes
fgndeyaiugnssudmiultlumauisudisuinuiinnmeuazidefield varitagiugudeya
fugnssudniadatlainnn wazdilinsounquivnnuszanns Ussneuduiimsvugednivaniudy

s

AaNwIzYe1gnug lunsaud 8e i iwugnssuf daudinizgAud un1snszatenug

]
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TusssumAianisuuteu venanddafinsuaudruaneiudlilddnignuanifdnsasuuanluan
Wy vilinmsesafigadiugnssudarivmeanarliendldiluneuwmangunediiinermanslavnnsel
mMsnTafigatmaiugnsnniielfszyinazmmanuduiusnisansidenseninawe-us-gn
vosdnivngudng uaznguide iungudnitrifisnenunsinuidomeunssuiumn naengui
mMsauLAIommIewusnIsuAnanvats Tneia3ssmneiugnssuildluingussasddangnid
MsAnwIIndige Aie LA3eamneugnIsuUstinmasomnlilasuevimalasiieuszTovilunns
dsansaduiiulsrrnsdnivilusssund Tuvagiinisnsifigudiugnssusieiaisaneg
afivdaulngflidmsunisfnuduiudszrinsuaznisdwunnguuszyinsvesdnilusssuyis
fefenuduldldfasdnedomnelulasusminalar uazedesmneaiudmainlflunismnafigad
msliAinermans egralsfny deadin1sd@nunide naaeuuszandam wazduiueI eamaned

wingaw Vet MsauesewsneiugnssudmsUld iUl Inemansazs o198 wninassILEINg
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