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ABSTRACT

This research studies the influence of solvent, cellulose acetate butyrate in ninhydrin solution
on the detection of latent fingerprints on thermal paper. Thermal paper is often used as financial
evidence in bank automatic teller machine (ATM) transactions and as receipts from convenience stores.
These receipts are considered as forensic evidence that can help detect the fingerprints of suspects.
The study found that acetone discolors thermal paper more brown-black than petroleum either. Adding
cellulose acetate butyrate (CAB) to both types of ninhydrin solution, it was found that the brown-black
color of the thermal paper had decreased. Optimal concentration of CAB in solution of acetone/ninhydrin
and petroleum ether/ninhydrin were 1.0 and 0.5 %wt., respectively. It suggested the whiteness index of
the thermal paper being 80.78 + 3.63 % and 61.28 + 11.89 %, respectively. In addition, the latent
fingerprints examined with all types of ninhydrin solution in this research before and after the ageing
study at different times showed that the minutiae of latent fingerprints were similar to using the forensic
ninhydrin solution. It was found that the minutiae of latent fingerprints showed a value more than 10
points, which could use to verify a person. Moreover, the CAB incorporation indicated that the rate of
decline of minutiae of latent fingerprints decreased, especially in the case of 0. 5 % wt

CAB/ ninhydrin/ petroleum ether. The ninhydrin solution in this research is considered an alternative
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method for detecting latent fingerprints on thermal paper by manually counting minutiae with the naked
eye, without using an AFIS machine. In addition, it is inexpensive in chemical composition and easier

to prepare.
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Figure 1 The chemical structure of repeating unit of CAB.
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CAB content (%wt)

0.50 %wt of ninhydrin in acetone

0.00 | 0.50 | 1.00 | 2.00 | 3.00 | 4.00 | 5.00

0.50 %wt of ninhydrin in petroleum ether

0.00 | 0.50 | 1.00 | 2.00 | 3.00 | 4.00 | n/Md

Forensic ninhydrin solution

(Ninhydrin stock solution + Working solution)

*n/d, CAB could not dissolve.
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Figure 3 Physical appearance of latent fingerprints on thermal paper using 0.5 %wt of ninhydrin solution

in (a) acetone/ninhydrin and (b) petroleum ether/ninhydrin with difference of CAB concentration

0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 %wt).
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Figure 4 Whiteness index (%) of thermal paper before and after using acetone and petroleum ether

with and without 0.5 % wt of ninhydrin solution and with difference of CAB concentration

(0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 %wt) comparable to forensic solution.
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A B
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Figure 5 Physical appearance of latent fingerprints on thermal paper using solution of A;

acetone/ ninhydrin, B; petroleum ether/ninhydrin, C; 1.0 %wt CAB/Ninhydrin/ acetone, D; 0.5 %wt

CAB/ Ninhydrin/ petroleum ether and E; Forensic ninhydrin solution at 0, 7, 14 and 30 Days.

(The represented latent fingerprint was the one closest to the mean of the experimental results.)
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Figure 6 Minutiae of latent fingerprints using AFIS at at 0, 7, 14 and 30 Days: A; acetone/ninhydrin, B;

petroleum ether/ninhydrin, C; 1.0 %wt CAB/ninhydrin/acetone, D; 0.5 %wt CAB/ninhydrin/petroleum ether

and E; Forensic ninhydrin solution.

30

Figure 7 Latent fingerprint using AFIS at 0 and 30 Days, A; acetone/ ninhydrin, B; petroleum

ether/ ninhydrin, C; 1.0 % wt CAB/ninhydrin/ acetone, D; 0.5 % wt CAB/ninhydrin/ petroleum

ether and E; Forensic ninhydrin solution. (The represented latent fingerprint was the one

closest to the mean of the experimental results.).
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Figure 8 The comparison of (a) Physical appearance of latent fingerprints on themal paper and (b)

Digital image of inked fingemark used artificial latent fingemarks creation using Adobe

photoshop after used the solution of A; acetone/ ninhydrin, B; petroleum ether/ ninhydrin, C;
1.0 %wt CAB/ ninhydrin/ acetone, D; 0.5 % wt CAB/ninhydrin/ petroleum ether and E; Forensic

ninhydrin solution. (The represented latent fingerprint was the one closest to the mean of the experimental

results.
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Table 2 Cost comparisons of ninhydrin solutions, A; 1.0 % wt CAB/ ninhydrin/ acetone, B; 0.5 % wt

CAB/ninhydrin/petroleum ether and forensic ninhydrin solution.

Petroleum ether

(0.79 Baht/ml)®

Forensic ninhydrin solution
A B ninhydrin stock | working solution
Chemicals
solution
(Net = 100 ml)y (Net = 100 ml) (Net = 500 ml) | (Net = 1,000 ml)
Acetone 0.40 x 100 ml
(0.40 Baht/ml)? = 40.00 Baht

0.79 x 100 ml
79.00 Baht

Ethanol

(0.69 Baht/ml)®
Ethyl Acetate
(0.56 Baht/ml)®

Acetic Acid
(0.48 Baht/ml)?

Hexafluoropropyl methyl
ether, HFE

(3M Novec 7100 Engineering
Fluids)

(4.42 Baht/ml)°
Price (Baht per 100 ml)

CAB 030 x1.0g | 0.30 x0.5g=0.15

(0.30 Baht/g)" =0.30 Baht | Baht

Ninhydrin 76.0 x05¢g 76.0 x 0.5 g =|76.0x350¢g
(76.0 Baht/g)? = 38.00 Baht | 38.00 Baht = 2,660 Baht

0.69 x 425 ml
= 293.2 Baht

0.56 x 35 ml
= 19.8 Baht

0.4816 x 40 ml
= 19.6 Baht

Ninhydrin 5.98 x 65 ml
stock solution | = 389 Baht
2,992.6 /500 ml
= 5.98 Baht/ml

4.42 x 935 ml
= 4,133 Baht
~ 452.2

@ M&P IMPEX Limited Partnership
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Figure 9 Chemical structure of (a) acetone, (b) petroleum ether, (c) ninhydrin molecule and (d) Proposed

mechanism of the reaction of Leuco dye.
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Figure 10. Proposed mechanism of the reaction of color to colorless form of Leuco dye via CAB.

syduanisnaaad

oxdlawdudavnazasivihldnsze 1w
anwfaudanuaswld Iuiinaa-drunnin
Tlasidon 8ined wonaniimaduiinloasnas
Tulumsazanenige snie Avnl#nsza1w AW
foudanuasuluTuiihana-dudinduey v
T¥Aup1 18R BAINTEA AN TE 1T 61
anad tiawdn CAB avlUlussazansfinlansu
YsasTiinanud1veInsza ey fouadila
LAx CAB

USunminuicauvad CAB 113U
acetone/ ninhydrin L & & petroleum ether/
ninhydrin oA 1.0 LAz 0.5 %wt ANEIAL W6
feldn CAB WnBunadufindwazwuingsas
Fmngisdudaniiasnananaadudu
289 CAB fitindunlimsazansiienuniia e
ganaldansazanuszinuaanluaniuii

N3ZATHAINTDWYIN LATHIITY BNl lana

Lﬁ@ﬂﬁﬁ%mﬁu?ﬁﬁauﬁﬂﬁlﬂamﬁﬂmﬂugﬂLLm_l
A L = ° £
FFINNTU FINVATILAININTY
g 2 oA A o &

pananiansiilanesnasiadiuiien
ﬁuvl,am'%unng@sﬁauuamﬁamiﬁﬂmmima%i

: =1 Cil 1 a v A Q
2a3neiilauNsNiiende 9 Aalnaldesny
aansusirnyfiasaasanoiafioud snld
FIBCAURW IR TUEMITUATRIANBRIN e N1T
Tusuwi@inenegas Imﬁﬁﬁ'ﬁmmq@é'ﬂwm:
fagAasiuddru1nndt 10 9alasaiuan
szyayana e anninaidy CAB Tlifiuin
0AIINIAAMIVBIANN B IA ALY ALABAAH
lavdsnalipaansuciayfasaiadiinuin
p . .
Fulasianiznsdlvad 0.5 %wt CAB/ninhydrin/
petroleum ether Lilatfisuny’luidis CAB lag
WUIWaRLLaY CAB MLAuad lltuauiInyinlw
AU NALNILUNIZTAHAINNTD WA LATA LD

J { =Y = v 1

W INPUL T a N TII AN B UIIN a8 a8
laswyjozBannaglulasiaine CAB iwmif
ﬁﬁ@lﬂmauuu%yjmguaﬂ%ﬁﬂ LRZANNAE

nisdadduvantNasyrsatulsuaalnu



1333nemaasuazinalulad ynIngaeneasmans 19 14 ayuii 1 2568 83

lquLaqa‘éﬁﬂﬁﬁulmiﬁﬂﬁ’éﬁawﬁﬂﬁﬂﬁ'u?'m,
nluguunflidaeinlilivsngesudumn
nyzansenusaniioldiu cAB agly

uanmnﬁéfunumaamﬁmﬁﬁiﬁuﬁﬁm
aulaasuluudsoissnuindsadinia
miszaoinlaasuilflunuiddnemansln
PR f5%maaTsusnsazatoidouasla
(9870 aoindarduinnisdennitslunny
vianlda1vazatesia liuwinindInsy
avesaLaindaursunnIza B NLTanT Y
Tagannuams3 a3l finiinisld CAB wuin
lﬁmminﬁw’lﬁé’aﬁﬂazmﬂﬁﬁﬁmvlajgaNauﬁ'u
Awlaaswilal dusignnsrame uansiafie una
vunszasaNSanlalasnisansaudived
nzasaaaussinlasiafiadaing e
m"ff@%mm:ﬂ'&mmmﬁuq@é’nwm:f%ﬂﬁ'ry
Aemepanlalddsanasfioniraga uin
sosansidaudsfianafivldlaslidasande
Leisastafla

naAnysndszna

varaLg N uMIANEnILEnAn L
WANFATU WA fi N Lﬁ'al,ﬂuqmﬁﬁ'ﬂ N
sutznaiunglelugutes aAnananaas
U32513 2563 (SCSU-STA _2563-10) &1%3U
WNENIANBNT 81738 V820U WU TN A
Inemaas amAnenaIga’ WwInens e
fatns uastgy medmiedl esAngmnaad
VANMINENFLAILINT ANV UVAWITZINTIIH WX
IWN3 ﬂ@;mm@lmamﬂﬁaﬁal,l,m audnganl
Wangm 7 ﬁ"l,éfﬂﬁamnaaauqmmwm a9aeiaile
LLNJ&ML@%‘Iaamwﬁgaﬁmﬂﬁuﬁﬁaﬁaé‘miuﬁ'ﬁ
uazasuaTazaneiinlaes urasiaineneaas

WoldlumAan

LaN&13919D9

Ashbaugh, D. R. (1989). Ridgeology : modern
evaluative friction ridge identification.
Royal Canadian Mounted Police.
https://onin.com/fp/ridgeology.pdf

Attaphol, C. (2001). Forensic science 2 for crime
investigation. Daoroek.

Gulanat, C. & Sutinee, G. (2023). The
comparative  study of fingerprint
developing methods on narcotics
packaging which collected latent
fingerprints for identification in Police
Forensic Science Center 7. Journal of
Science and Technology Kasetsart
University, 12(1), 41-57.

https://kuojs.lib.ku.ac.th/index.php/jstku

/article/view/5303/2528

Chegg. (2010). Amino Acid Reaction with
Ninhydrin. https://www.chegg.com/learn/c
hemistry/organic-chemistry/amino-acid-

reaction-with-ninhydrin

Sutinee, G., Wanich, L. & Winita, P. (2022).
Non-isothermal cold crystallization,
melting, and moisture barrier properties
of  silver-loaded  kaolinite filled
poly(lactic acid) films. Materials
Chemistry and Physics, 276, 125227.
https://doi.org/10.1016/j.matchemphys.
2021.125227

Inman, K., & Rudin, N. (2000). Principles and
practice of criminalistics: the profession

of forensic science. CRC Press.



1333nemaasuazinalulad ynIngaeneasmans 19 14 ayuii 1 2568 84

Jenjira,

Joseph,

W. (2018). Development of latent

fingerprint using Ninhydrin/Cellulose
Acetate Butyrate on Thermal paper.
[Unpublished masters thesis]. Kasetsart
University

G. B., Cristopher, C., Steve, K., Paraj,
V. M. (2011). Consumable analytical
plasticware comprising high-solubility
plastics. (International Publication No.
WO02011091237A1). WIPO Patent.
https://patentimages.storage.googleapi

s.com/7f/eb/03/52d7557d728330/WO2
011091237A1.pdf

Luo, Y. P, Zhao, Y. B., & Liu, S. (2013). Evaluation

Liu, X,

of DFO/PVP and its application to latent

fingermarks  development on themal

paper. Forensic Science Intemational,
229(1-3), 75-79. https:// doi. org/ 10.

1016/j.forsciint.2013.03.045

Baldursdotti, S. G., Aho, J., Qu, H.,
Christensen, L. P., Rantanen, J., & Yang,
M. (2017).

Lactic-co-glycolic Acid (PLGA): the role of

Electrospinnability of Poly

solvent type and solvent composition.
Pharmaceutical Research, 34(4), 738-749.
https://doi.org/10.1007/s11095-017-2100-z

Pacheco, B. S., Da Silva, C. C., Da Rosa, B. N,,

Mariotti, K. C., Nicolodi, C., Tais, P.,
Segatto, N. V., Collares, T., Seixas, F. K,,
Paniz, O., Camefio, N. L. V., & Pereira, C.
M. P. (2021). Monofunctional curcumin
analogues: evaluation of green and safe
developers of latent fingerprints. Chemical
Papers, 75(7), 3119-3129. https://doi.org/

10.1007/s11696-021-01556-4

Polson, C. J. (1950). Finger prints and finger

printing: an historical study. Journal of
Criminal Law & Criminology, 41(4), 495-
517.

Ross, S., Topham, P. D., & Tighe, B. J. (2014).

Identification of optically clear regions
of ternary polymer blends using a novel
rapid screening method.  Polymer

intemational, 63(1), 44-51.

Sirirat Theangtheantham. (2013). Development

of latent fingerprints on objects

submerged in natural water by using
small and black

particle reagent

powder. [Master's thesis, Silpakomn
University]. Silpakorn University Central
Library. https://sure.su.ac.th/xmlui/hand

1e/123456789/11938

Sompat Sookphanich. (2017). Comparison of Age

Fingerprints Detection on Themal Paper
by using lodine Fuming, Ninhydrin and
1,2-Indanedione. [Master's thesis, Silpakom
University]. Silpakom University Central
Library.  https://sure.su.ac.th/xmlui/handle

1123456789/26051

Schwarz, L., & Klenke, 1. (2010). Improvement

Trozz,

in latent fingerprint detection on thermal
paper using a one- step ninhydrin
treatment with polyvinylpyrrolidones
(PVP). Journal of Forensic Sciences,

55(4), 1076-1079.

T.A., Schwartz, R.L. and Hollars, M.L.
(2000). Processing Guide for Developing
Latent Prints. U.S. Department of Justice.



