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Abstract: Physical developer (PD) is an effective technique that can develop fingerprints even on wet or very
old paper. However, it has not been known which substance reacts with PD. Also, the timing of optimization
according to the storage period of the PD working solution has not been known. The present research has
done a spot test with 7 eccrine components and 5 sebaceous components that known as fingerprint components
and figured out the mixture of palmitic acid and lysine gave the strongest positive reaction. Also, paper treated
with PD was treated in 1,2-indanedione/zinc (1,2-IND/Zn) working solution and showed lysine was not dissolved
in water. To find out the timing of optimization according to the storage period of the TWEEN® 20 based
PD working solution, the mixture of palmitic acid and lysine was used for the target of reagent reliability test.

As the result, working solution of 14 days storage period showed better result than other working solutions.
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2. Mz 3 ay

21. M=

A% 7E4Ed T 784 E22 sodium chloride
(DAEJUNG, Korea), urea (SIGMA ALDRICH, USA),
serine (SAMCHUN, Korea), lysine (SIGMA ALDRICH,
USA), glycine (DAEJUNG Korea), methionine (SHOWA,
Japan), glutamic acid (DAEJUNG, Korea)S A}&-3}3ith.
A &4 EAL stearic acid (SAMCHUN, Korea), palmitic
acid (SAMCHUN, Korea), squalene (SIGMA ALDRICH,
USA), cholesterol (Alfa Aesar, USA), oleic acid
(SAMCHUN, Korea)E AH&-3151t o] EHES 83l
A17171 180 Al isopropyl alcohol (DAEJUNG, Korea),
acetone (DAEJUNG, Korea), ethyl alcohol anhydrous
99.9 % (DAEJUNG, Korea)S AH&-3}it} PD 204
NS AHFste AGoA Zos EZE2 ammonium
iron (II) sulfate hexahydrate (DAEJUNG, Korea), iron
(IIT) nitrate nonahydrate (DAEJUNG Korea), citric acid
anhydrous (DAEJUNG Korea), dodecylamine acetate
(TOKYO CHEMICAL INDUSTRY, Japan), TWEEN®20
(SIGMA ALDRICH, USA), silver nitrate (DAEJUNG,
Korea), maleic acid (DAEJUNG, Korea)S AH&-3}53 T
1,2-Indanedione/zinc (1,2-IND/Zn) £ A Z35}7]
3| A]+= 1,2-indanedione (SIRCHIE, USA), ethyl acetate
(DAEJUNG, Korea), glacial acetic acid (DAEJUNG,
Korea), zinc chloride(DAEJUNG, Korea), ethyl alcohol
anhydrous 99.9% (DAEJUNG Korea), petroleum ether
(DAEJUNG, Korea)Z A-&313 T},

=
AE 4% F PD BAEL0] RQIX

1] g4y 3}
,ol% 88 Az g PDe] A H2E WES
. 29§

al

Gotbr7] 9% A9z TWEEN®20 713k PD
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_?,] A

221. Physical developer (PD)Q| M= 2 X{2|

PD ZUEde de la Hunty?] 975 FL3le] A
Z3tal A 839 th? 80 g2 ammonium iron (II) sulfate
hexahydrate, 30 g2] iron (IIl) nitrate nonahydrate, 20 g
9] citric acid anhydrousE 900 mLe] Eo]22ol] 834
A Arshgkel 848 A Z3ATE 1.5 g°] dodecylamine
acetate®} 1.5 mL2] TWEEN®20& 1 Lo go]&4=q]
S AA AHEAGA NS AZSATE 10 g9 silver
nitrateE 50 mLe] Eo]&ol S|A]A ke SAS
THEAT. S o] 283 AHI-8H-2 25 g9 maleic
acidE 1 Le] go] el &3|A1A A=A 296
oo Abalehl g 900 mL, AIHEAYA &9 40 mL
23 AR g9 50 mLE 41o] Azt

AAE ol AAAL 55 FF 7ok F, 15
I 52t maleic acid &40 Ho| FIAAFE F A
ol 2FE AHESte] FAE AWt 2 o= PD
gt HAE HolA v Edo] T3] A&

222 PD EPUIZSE EMME 2I8F spot test
PDOl| th&F spot testS $I3] A& FAHAEAZ U

|}

Table 1. List of eccrine and sebaceous substances and solvent and concentration of each substance for spot test

Substance

Solvent

Concentration”

Sodium chloride

Deionized water

100 mM - 10 mM - 1 mM

Urea Deionized water 100 mM - 10 mM - 1 mM
Serine Deionized water 100 mM - 10 mM — 1 mM
Eccrine Glycine Deionized water 100 mM - 10 mM - 1 mM
Methionine Deionized water 100 mM - 10 mM — 1 mM
Lysine Deionized water 100 mM - 10 mM — 1 mM
Glutamic acid Deionized water 50 mM - 10 mM — 1 mM
Palmitic acid Isopropyl alcohol 100 mM — 10 mM — 1 mM
Cholesterol Acetone 30mM - 10 mM - 1 mM
Sebaceous Stearic acid Ethyl alcohol 50 mM - 10 mM - 1 mM
Squalene Ethyl alcohol 100 mM - 10 mM — 1| mM
Oleic acid Isopropy! alcohol 100 mM - 10 mM — 1 mM

a) The maximum concentration of the substance is different because of the solubility of each substance in the solvent.
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3, ALA AL stearic acid, palmitic acid, squalene,
cholesterol, oleic acidE A}&-3}H T z 4o we
S E Mgt &35t Ednit; &3l
Ho) w28 AAsAth A8l AMEgE 784 2 A
44 B g9} T Table 13+ 2T}

HA, JNE Edof thdk PDY] WHES F2lslr] 9
3| filter paper (F1002 grade, CHMLAB group, Spain)
o] 100 mM, 10 mM, | mM Fx9| F84 2 A&
q E4E 77 20 plA "oty &3 =4 o

g+ PDO| Wh&-& ERlstr] #siA= filter paperoll
44 £4 10 pLE Hoj=d % nf27] Aol Fd3t
Tro X84 =4 10 uLes ‘HO{‘I%{E} aE3 A
LA E1F Tk AxETh 2 & pD FY fAS
A2l ate] W--& Eslch

023 12-ND/Zn X Mz 2 Xz

A A4 AFF-8-Z](Double A, Thailand)®ll lysine
20 pL9} palmitic acid 20 uLE ZHz} o= H I lysine
3} palmitic acid& 1112 42 EHEE 20 pL Hoj=
Hek &8, 54 AV 245 AR §4 2
=) 10 L 23 WAl A4 AF-EX]o] HYTh &2
T FEE 100 mM, 10 mM, 1 mM& FY3HA %18
. 2L F2oA T Bt A3 ¥, PD A9
|NE AT st W3S AFssdTt

Spot testE WA A4 AHE-GA o dh= A2 filter
paperoll H= ARTH A £ o} WA A4 A}
F&X] = filter paper?} ThEA st sshy Y7t
Eol Jﬂﬂ‘ﬂ 7] W—f 1ok, ek WA A4 ALY
+ 1,2-IND/Zn< filter paper®l
“H7§°ﬂ*1—n— fﬂ‘)’o] HZE7] 2ol spot

hui o]zﬂ- 01017] uH_,_o]E]_ tt—g]_
FH AAE filter papers} & =
GF cellulose SEHO] ofum, W A4 ALF-E-R] Yo
shetz Edt=o =4 9 AE fFFEHe vl
PDY oW FEFS mA =R AFEA] 2%7] o
o old thg FFES FAISH] o Hrhr Aste
WA A4 AHFEAE ARE-SFA T

1,2-IND/Zn 238 N2 petroleum ether 7] ¥+ =
o2 A3} TE A ethyl alcohol anhydrous 99.9 %
10 mLol| zinc chloride 0.4 g& =°]3L petroleum ether
190 mL3} ethyl acetate 1 mLE o] @3lold 5=
S-S wERTE the, ethyl acetate 90 mL¥} glacial

\=]
o

acetic acid 10 mLol 1,2-indanedione 0.8 g2 &3 A]A
petroleum ether 820 mLoll A 3] WolFE T HAgfold
F59 80 mLE Ho] &g vE?

PD §94& Az HAE F29 o5 &<U¢ ARA
71 & 1,2-IND/Zn &89 27 Al o] 2
of AZAIHT 2 &, tEnE ARt 180 °CellA]
1027+ A28kt

224, TWEEN® 20 7|Ht PD Zteiolo| HA7 |7t
o 2 spot test

o] /\1842 g,]gH PD ;(Lg%__' o}
b SARE AN LeE a6 Aok B
o} xpFAA BASA I, BA7|7H1Y, 4, 7Y, 10
o, 144, 174, 219)°ll 53 AF8-3H3ATh Spot testE
3 PD EMEEY Ro= —r%ﬂ Y Fxe
palmitic acid% lysineS 1:12 4{0] WAl A4 AFE-EX]
o 20 L= w3 Ao o}$ AzxA7 7 AF
< APt %ﬂﬁg‘r TLw Table 13} FL3HH, olw=
715 spot testol] Al AFE3F T 0.1 mM, 0.01 mM,
0.001 mM= F7Fste] A skt

225 ARl 2
PD &N X2st A= 2o 5 st &
o] %, WAl ofgfjell X #F3A ). 1,2-IND/Zn &
< A AAE E4E F FFS ] A8l
Ao A Polilight Flare Plus 2 505 nm &% (Rofin,
Australia)?} orange barrier filter (Altlight, Korea)E A}

3ate] ZQFskaith.

LAOWA 60 mm {12.8 2X ultramacro (Venus optics,
China) HAFN=Z 23§ NIKON D5100 712}
(Nikon, Japan)& AHg-sto] &gsislar, &9 =42
8, ISO 1002 = ’“7@3}“‘1} Spote] FH gk A= sHA
HEE 7R =E3AZHE 2HsHA] YT

1:13 12

226. LWrldk

PD 2y &dof st spote] HES A=
18l w72 spotell A 242k Al FEE FASE A
3l Imagel (1.53e)Z gray scales 733}l Al F
o] A4kl Wig Ha-S TSI} Imagel (1.53¢)00
9] gray scale OJFEFE e AF(0H), BT
5 =2 H425558)E vekith i el Hagk
A spot Zq/‘-"/] B3ks WA PD AHd-&Yol oigh
spot®] W& A= A= Yehith
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3. 41 4 E9| 2 FHHH A HEEE 93 A2 4= AL

£ F U Aolgy At ol F44 %

3.1. Spot testE& &St ENUEE FH ¢4 EZo E3Eo] PDe} v Aot A3
T8 X84 Sl tdl spot test A, 7NE Ao Ayele TAUsiHS

Edof| ts PDY W2 Table 29 ZATh 84 & Stearic acid¢} lysine®] E3H&E T3 22 AHE H

Aol 4% 100 mM2] lysine?+ PDol| W3-8 B, AA T A=Y HZES 7] FAAsta A

A& £ ] 739 HE | mMe] FEoME ¥k Atk 2 o] 100 mM2| stearic acid®} lysineS 47

S RY. &3 EA 9] 7, palmitic acid®} lysine2] o M2 5x IZAZ Ha spote] FEE Z—Oloﬂ =]

&3, stearic a01d9‘r lysme«] E3E0] Fx7F A ojz=d 4= g1 7] witolth 10 mM ©3le] FI=olA

A4E A 7kt b A tH(Table 3). wEtA = & A AARE, palmitic acid®} lysine®] &3H&E3 vk

=
palmitic acid®} lysine é&g% PD EHA=EE F sl Ao] FAEIY o He sx WS4 PD WS-
< st Aol H F& Aol 4“6}04

[e]

Table 2. Assessment of the reactivity of PD with spot test palmitic acid9} lysinete] E3ES Mg ste] o] %

ox o

of eccrine and sebaceous substances” o A}2-5+9 T
Substance 100 mM® 10 mM 1 mM

Sodium chloride - - - 32. PD X2| & 12-ND/Zn X2|E S8t EHI

Urea - - - =2 Fd
. Seri".e - - - gk oz £84 E4 £ vd &3 H7]
Feerine - Sveine T o Eol AT A48 Bho) £84 BAL
t - - - [ -
Lysine L usslel PDSL W Aoletn FEuAh )& o
Glutamic acid . B . Q137 $18) lysine, palmitic acid, Z2]3 2L EFE]
Palmitic acid ++ + + Hg PD WE-Zel ofp|edl whg AJeFQl 1,2-IND/Zn
Cholesterol ++ + + < ARttt PD 2F-89 2] A, lysine T
Sebaceous  Stearic acid + + + spot3} palmitic acid} lysine E%& spotoll A4 T+ PD7}
Squ‘alenc? + - - kS-S AL, s =7t R AFE whso] el A th(Fig.
Oleic acid * - - 1). 1,2-IND/Zn 2] A3}, lysine %%Jﬂr EgEl ol

a) TWEEN® 20 based PD working solution of 7 days storage & PD WFS-ELS [ 2-IND/Znd} WH33t9 T 27}t 2

period was used. ++ denotes strong positive reaction; + denotes Qs Pae
L . . . 7]— L)
positive reaction; - denotes no reaction. b) The maximum concen- R S q'E]qu'(F ig. 1).

tration of the substance is different because of the solubility of each 2y AEe] dHE HAAE A lysined
substance in the solvent (7able 1). palmitic acid®] =0 2= pDY WHS-EA] Y,

Table 3. Assessment of the reactivity of PD with spot test of mixture of eccrine and sebaceous substances

. Sebaceous Palmitic acid Cholesterol Stearic acid Squalene Oleic acid
Eccrine

Sodium chloride -
Urea -
Serine -
Glycine -
Methionine -

Lysine ++ ++ - -

T
.
.
.

Glutamic acid -

a) TWEEN® 20 based PD working solution of 7 days storage period was used. Measurements were performed at increasing spot concen-
trations of 1 mM, 10 mM and 100 mM (The maximum concentration of the substance is different because of the solubility of each substance
in the solvent.). If the reaction became stronger as the concentration increased, it was determined that the reaction occurred. ++ denotes
strong positive reaction; + denotes positive reaction; - denotes no reaction.
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Concentration of mixture of substance
100 mM 10 mM

Lysine

Physical Palmitic
developer  acid

Mixture of
lysine and
palmitic
acid

Lysine

Palmitic

L2-IND - id

A

Mixture of
lysine and
palmitic
acid

||

Fig. 1. Images of result of PD treatment and posttreatment of 1,2-IND/Zn depending on the concentration of lysine, palmitic
acid and the mixture of palmitic acid and lysine.

Concentration of mixture of substance

100 mM

Lysine

Palmitic
acid

Mixture of
lysine and
palmitic acid

Fig. 2. Images of result of PD treatment depending on the concentration of lysine, palmitic acid and the mixture of palmitic
acid and lysine as the shape of fingerprint.
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Storage period
of

Concentration of mixture of palmitic acid and lysine

PD working
solution (days)

100 mM 10 mM

0.lmM  0.0lmM 0.001 mM

21

Fig. 3. Images of result of PD treatment depending on the concentration of the mixture of palmitic acid and lysine and the
storage period of Tween® 20 based PD working solution.

2 =7 PDO WHE S ATHFIg. 2). Lysine2 &
719ke] PDOA oj= A ga=lo] 2 FElE A5}
A B8 3 palmitic acid®] 2H8-o] 2]3] palmitic acid
9} lysine®] EFEAM= 2 FEHE FAFHA wHE-
k= 202 4T 4 Ut ol= PD7F X84 &4
I F50 = R3EA Ferte APdTet sYT
AHRE Ve Flolth? 3k ve84 E- o3
o SaER] == BHIEHE eccrine 74 =&l Wb
St AY F dvhe JPAF9E 9 AHE
YeR TS

33. EMIEEE AIE8t PDel MENM HAES
2|20 mE TWEEN® 20 7|8t PD 8N
o XI28E ds =l

TWEEN®20 7|8t PD 24894 B#7]7HE vh=
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30 Concentration
of mixture

25 0.001 mM

20 0.01 mM

0.1 mM

10

5 I I w1 mM

0 = = - - I =10 mM
14 21

Storage period of TWEEN® 20 based PD working solution (days)

Difference of gray scale
between the background and spot

Fig. 4. Result of PD treatment showed by difference of gray
scale between background and spot. PD treatment
depended on the concentration of the mixture of
palmitic acid and lysine and the storage period of
Tween® 20 based PD working solution (The gray scale
value is closer to 0 for darker and closer to 255 for
brighter. PD reacted more strongly to mixture of
palmitic acid and lysine as the difference of gray scale
between the background and spot increased.)
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mﬁ

Al &+ palmitic acid$} lysine £3&0 ¥H-3-AI]
I}, EF=] st moHd S PD7E el vEE3
te A7 443 o] 232 palmitic acidt
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A8 AH8- 7Hs skl AekekiTh

PD ZH8 Az T 10de] A4PE o, e
Lo EHEFAL vg37] AlFFT 149 0] F S

=, 7P Hold 435 YERlen 14Yo] At
FHE A3 ukgo] sl M thFig. 3). Fig 4= ¥l7
gray scale 59| %ol Al spot gray scale 9]
HikE WA PD 28l tist spote] WH A=
£ 222 JEpd Zolth PD FY9-89 & 2 YAt
9] QM4 sl(stabilization)7} 2 el B2 FFE nxIct]
o] Ho} PD FFLN A X F 149 AT XYL o)
2 YATE AEE &5 A A stE A

12k Azt

o o off r

&

]

4. 2 B
Physical developer (PD)= 2 W A o] ALY 2
" FoldNE A& EL 7 A7) Wl v

<]

J,]_z-lo ]tﬂo] ]n]- z.]]z é &II%J,].Z%O] EXL@]._]_
u@ ol WEe] ArAoe de) AgHA
S Aok EF BT A gole] Hy|gie] o
= R, ARS PG ofH BA% W
| Fo] 43| %aqu ﬂow olu] XﬂZE 2398

>PU

rir

2 A9E s 2 4

-»} palmitic acid®} lysine®] Eg=o] 8 EBA=4
st Zlelgta Adadnt. olA& FaAA
TWEEN“ 20 718 PD 2 EH ] ARdE Ao
Algstr] 913 288 HEES & F e o
A& TWEEN® 20 719k PD 29)-§-<19] 45 # 4
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