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of: At Rk AT B g gl RS Qe ARE A vtk S
3 NS TRETe] Aol me 24 WSkl tiste]
Lol yzL ST ARARE =l 2950 Al B 8313 o14(36 All) 1= E ATt e
Aol M= lauric acid (C12:0), myrigic acid (C14:0), pamitic acid (C16:0), searic acid (C18:0), daidic
acid (C18:1n9t), oleic acid (C18:1n9c), linaleic acid (C18:2n6c), arachidic acid (C20:0), linolenic acid (C18:3n3),
erucic acid (C22:1n9)¢} docosadiencic acid (C22:2)2] 1152 A Hh4te] A& H S 323t 3, pamitic
acid (35.45-48.37%), oleic acid (14.84-28.49%), stearic acid (9.71-24.96%)<} linoleic acid (7.68-18.85%)7} &
e AP S] T5%e) S AAst] Fo FEARYS & AT =3 THER 2% 20-25°C,
FIE 40-50%2] TG 9] F7ITE el whek FAEAte] ehiFo] 12-25% 7AxElSl o H, o] = daidic
acid (C18:1n9t), aachidic acid (C20:0), lindlenic acid (C18:3n3), erucic acid (C22:1n9), docosadienoic
acid (C22:2)9] HHAHAE Q] 243 T x| Wakel myrigic acid (C14:0), myristoleic acid (C14:1),
pentadecancic acid (C15:0)2] A/dol e AHAS I
Abstract: In order to investigate the information for effective detection and developing of latent fingerprints,
we identified fatty acids composition of latent fingerprints on non-porous evidence surface and the chemical
changes of latent fingerprint residue after print deposition during 7 months. Fingerprints from eight Korean
male donors (aged 29-50 years) and one female donor (aged 36 years) were collected. All fingerprints were
found to contain lauric acid (C12:0), myrigtic acid (C14:0), pamitic acid (C16:0), stearic acid (C18:0), elaidic
acid (C18:1n9t), oleic acid (C18:1n9c), lindleic acid (C18:2n6c), arachidic acid (C20:0), linolenic acid (C18:3n3),
erucic acid (C22:1n9) and docosadienoic acid (C22:2) and primarily pamitic acid (35.45-48.37%), oleic acid
(14.84-28.49%), stearic acid (9.71-24.96%) and linoleic acid (7.68-18.8%) occupied 75% of tota fatty acids.
When the fingerprints were deposited a dark room for 7 months, total fatty acids components decreased about
12-25%. It can be explained that significant degradation of long-chain fatty acids such as elaidic acid (C18:1n9t),
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arachidic acid (C20:0), linolenic acid (C18:3n3), erucic acid (C22:1n9), and docosadiencic acid (C22:2) resulted
in the generation of myrigtic acid (C14:0), myristoleic acid (C14:1) and pentadecanoic acid (C15:0)

Key words: latent fingerprint deposition, fatty acids

1.M B Cl, Na', K™ 59 0|59 WEdUAE o|v A s}st
o NEJHES 53l mico X-ray flourescence
WA FRE ALY 24 25, F5, 34 (MXRRAS o]&3 Wy ™ ATR-FT-IR spectroscopic
o] =& 2 vpde B A alEd] FFS W imaging systems 885t AR A A& F3
T Aoz deA gloiAt A A4 acls &5 BA ] AR S It Al
AH G ATFY T shetE st wE ol o} of $-&3hs WL AAEL kP 2 ApdoAs
AR &34 AES A% A el 2849 gQlo] MO R FH|SHE ofn]|igl, Fol&, o],
A+E Zasitt TEEB Y ALt 249 XS 19 v sk
A FAREFe] HANke-S 7122 e dEWHe AWARCREE F2 pamitic adddl C16:07F 22-45%
2 opu|igbat wkgste] WA S w = ninhydrinzt 2 7% =& 24| ZE padmitoldc acid?) C16:17} 0-
oo ¥FAL FoI3 18-diazafluoren-9-one (DFO)SF  30%, oléic acid$l C18:1n9c7t 8-25%, tetradecanoic
o] 59l Zn, Cu, Cd#e] #3}9tE P4S fesle] 2 aiddl Cl4:07} 8-10%, stearic acid$] C18:00] 3-11%,
) @A) gadg o] R 9lom 24 ek x4 lignoceric acid/ eicosapentaenoic acid$l C24:0/C20:5n3
# 5 A4 ketone}e] o-thiocyanation®] W8-S 7] 7} 1.854%, lindleic acid?l Cl182n6c7l 14-4.8%,
o2 st WS H= lodine fumingH ol & A& linoldaidic acid?l C18:2n6t7F 1.0-3.3%= 3 =0}
B3 9ITkS H2ele %, A%, A, TRRolet A 28 IRIEH
olggtol mhe W AR BHoR AR PR /b B ATAME FAARY A 24T} RES
ST, AR R FRE W RARAL B 5 QORI T oA /17 fRE ARAN ] A
FEolup ol o] FolzA g sote £ Qo] Yol 24 1 $Ee) wWskE dlelo] AdAY $A%
U} e 59 350 7119 #wFo] By A AEY ANl ARE Bt St
£ 49 R EE oY) B wjEo] fEHE
T4 Aol JeA T& = Fep o A 3
Wik ARe] JEEA o dolAe Yue WHFA}
of 2 DA} o, =R A @AYol RS B 21 NBAE
Aol AAH GA D AEA AL A% ARE ARARE 839 @FA PHATAY 199 o4
o] g-g40] Qo0 AFARRE $YoATh AEATAZRE B
o] Ao g opw|ieh, o], ol wF o YFS WA= alelg ddEe 947, 9%, 4
HAE A 24 2 BEAHE T8l o] & &, AW 750l #3 AEE T Table 1
o s AEe] EPAES A E e dF o goFskaint.
ALl Nt FFehE o] 8T AZFEe g 50l A HA FAES Ao Bof A Ef-Fol tist ws
FolAAL Stk T 2 ARAE xrays At < UEE slo] oJFAQ] g}l ot AYH oAE
Table 1. Identification of swest donors
Donor 1 2 3 4 5 6 7 8 9
Age 29 29 29 32 32 50 50 50 %
(female)
Occupation Student  Student  Student  Student  Student  Public servant Public servant Professor  Student
Smoking no yes yes no yes no no no no
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3} Z%
1) ﬂﬂi £S5 isopropandl 2 A A 33 El 4R (profe-
ssond wipe, Kimberly-Clark)2 o} 715 A 7%
F SHFE O s AlF skl

2) &R & AAE 48 APt
Azt

3 &% 25°C, H 50%2 270 308 ¥ gl
dide(75%25x1 mm)ol] L 2& P2 A A &o]
b 5 A FE3] FEFste fRAIA

= *‘?ﬂ% %*Mmﬂ A5 AHEE= X]

BEER

A& T AdFZFo AHEH &ui9k GC 4 &nf
¢l dichloromethane, BFs-methanal (trifluoroboran-me-
thanol), isooctanez} A4t EFEHQ faty acids
methylester (FAME) 3752 SupelcortZ 58] 41 3}]
ARgsl o, 1 9] Unt AR EF o]k AL
ARE-3 T

e

A aE methylester(37%) £33 EFE 01ge
isooctanecl] &-31A1A 100 mg/mL7}t H == A %3

BEEFAE Ao, A4k methylester ¥5EFS o
<3 7l C40 (butyric acid), C6:0 (caproic acid),
C8:0 (caprylic acid), C10:0 (capric acid), C11:0 (unde-
canoic acid), C12:0 (lauric acid), C13:0 (tridecanoic acid),
C14:0(myrigic acid), C15:0 (pentadecanoic acid), C16:0
(pamitic acid), C17:0 (heptadecancic acid), C18:0 (Stearic

acid), C20:0 (arachidic acid), C21:0 (heneicosanoic acid),
C22:0 (behenic acid), C23:0 (tricosancic acid), C24:0
(lignoceric acid)e] EspA A FEj e} Cl4:1 (myri-
soleic acid), C15:1 (cis-10-pentadecanocic acid), C16:1
(pamitoleic acid), C17:1(cis-10-Heptadecanoic acid),
C181ndt(elaidic acid), C18:1n9c (oleic acid), C20:1
(eicosenoic acid), C22:1n9 (erucic acid), C24:1 (nervonic
acid)e] T E-F 31X el o} C18:2n6t (linoldaidic
acid), C18:2n6c (linoleic acid), C18:3n6 (y-lindlenic acid),
C18:3n3 (linolenic acid), C20:2 (eicosadiencic acid),
C20:3n6 (eicosatrienoic  acid), C20:3n3 (eicosatrienoic
acid), C20:4n6 (arachidonic acid), C22:2 (docosadienoic
acid), C20:5n3(eicosgpentaencic acid), C22:6n3 (docosa
hexaenoic acid)2] polyunsaturated e S A18-31S3 T}

23. X[20Mel Xt F&ET M2

gx™ 5o dichloromethang 24 glass dide?] 2|
AT A48 AEe 28 Fol L, o] & glas
tube(3.0 cmx10 cm, 20 mL)E &7 FZ3ke] ik
AN SR ARSI B5E Ao 7R E 9
3ol 05N methanol-NaOH 1.5 mLS H7}stal A4
& FY S BFS A EFAC. 100°Ce
heating blockol| Al 5&-7F 7123k & 30-40°C2 WA
Atk AW FEAFE el 14% BFs-methanol &
H2mLE 7ot HAE FY F B A &34t
3 100°Cell A 3087 7F2
o] isooctane®- & AR FHAA B35

2M=A
GC-FIDE AgilentA}<] xﬂﬁ )
(200 mx0.25 mmx0.2 um), <Y
Y BT 28 F9F 140°C, © 3
23te] 240°Col A 207 FFAIAIZ oW, 257]A 2
FEFS Heo 2 20 mLiminE ¥

Table 2. Analytica conditions of GC/FID for determination of fatty acids in sweat

Parameters Conditions
Instrument Agilent 6890
Column SP-2560 (100 m % 0.25 mm X 0.2 um)
GC Injection mode split ratio 10:1
Oven Temp. 140°C (2 min)-3°C/min-240°C (20 min)

Carrier gas & Flow rate

He, 2.0 mL/min (constant flow)

Instrument

Detector Inlet and Detector Temp.

Flame ionization detector(FID)
250°C, 280°C

Analytical Science & Technology



FiE AR A

7% 7]+ flame ionization detector (FID)Z 280°Col| A
AZEsIeh & A7olM AH-E GC-FD 4 2312
Table 29} 74t}

% 28 AN £43 37% methylesterd B 2|
FA ko] wEE A 7H(retention time)S 74 2] 5}
221t} Fig. 1& GC-FIDE ©]&3F At

23t
EFEAH AR AR A& E4< GC =2

3.1. FAIX|Z0IM EQIEl X[t

SAA A AEE Ao Z= laric acid
(C12:0), myristic acid (C14:0), palmitic acid (C16:0),
stearic acid (C18:0), daidic acid (C18:1n%t). oleic acid
(C18:1n9c), linoleic acid (C18:2n6¢), arachidic acid
(C20:0), linolenic acid (C18:3n3), erucic acid (C22:1n9)
9} docosadienoic acid (C22:2)¢] 11% 9] A Wtake] 7
285 Faady, F2 F3AHA pamitic
acid (C16:0)7} 35.45~48.37%= 7173 &o] Egton
dearic acid¢! C18:09} E 23| WH4tel oldc acid
(C18:1n9¢)7} Z+2F 9.71~24.96%S} 14.84~28.49%°] <

Fo 2 A& linoleic acid(C18:2n6c)7} 7.68~18.85%
o FEOE HEHO o]E 4% EAH ALY

Table 3. Retention time(RT) of standard fatty acids

Fatty acids RT(s) Fatty acids RT(s)
C4.0 564.68 C18:2n6t 1392.82
C6:0 590.36 C18:2n6c 1431.36
Cc8.0 634.76 C20:0 1465.54
C10:0 708.28 C18:3n6 1494.04
C11.0 758.34 C20:1 1518.86
C12:0 817.80 C18:3n3 1528.78
C13:0 885.26 C21:.0 1551.44
C14:.0 960.52 C20:2 1605.32
Cl4:1 1030.02 C22:.0 1645.52
C15:0 1040.02 C20:3n6 1673.02
Ci51 1113.18 C22:1n9 1702.04
C16:0 1124.90 C20:3n3 1711.46
Ci16:1 1186.64 C20:4n6 1728.46
C17:0 1208.36 C23:.0 1740.34
C1r7:1 1271.78 C22:2 1798.48
C18:0 1295.28 C24:0/C20:5n3  1852.80
C18:1n9t 133264 C24:1 1914.40
C18:1n9c  1350.78 C22:6n3 2188.48
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Fig. 1. GC-FID chromatogram of fatty acid standards (a),
fresh(b) and old fingerprint(c)

75% ©)’de] Z=48&
RIFATHFig. 2).
T8 Ake] sheke] E=99 oA e tha W)
o] 2, 4, 8 9 AFAS] 7§ dearic acid Bt}
ole|c acid’} 5-9% =] JER | = 3, 4, 6, 7, 8, 9
o] A FAL] A Fo| A= C14:09] myrigtic acid”’}
333-861%7F AEEIJLH, 1, 2, 4, 7H A8 499
A A 749 C221n9 A WA erucic acid’l 4.4~
1% T2 AEH7E 3te 5 /MQAE AolE
JER AATE &3] 49 A8 AT 7§ pamitic
acid 4.61-12.92%, stearic acid 2.73-15.25%, oleic acid
6.61-1365%2] 4302 ZA|WAake] ko] ThE A
ZA}o] Bla] wre wkA linoleic acid( C18:2n6c)+ th
= xﬂ]%—?@ﬂ ‘ﬂ 3 a7t =2 HEE2 FAE Q)
]_

2 A%sA 2

2, o, G AlFAFNAA %

& Aol F2 PHARAL

S0
o=



216 Av) - oA - B
Fatty acid peak(%)
50 z
45 *
40 ¥ Donor
35 O .1
m2
30 43
04
25 X5
i l °5
20 +7
| | = -8
15 . o) @] = 9
L
10 o) é 5%
° o} = o o
o L8 —— R
ci12:0 C14:0 C16:0 c18:0 C18:1n9%t C18:11n9c C18:2n6c C20:0 C18:3n3  C22:1n9 ca2:2
Fatty acids
Fig. 2. Fatty acid composition of fresh fingerprint.
Table 4. The identified fatty acids composition of fresh fingerprint by GC/FID
Fatty acidy 1 2 3 4 5 6 7 8 9 peak arearange
Donor (%)
C12:.0 143 0.00- 143
C14:0 3.99 5.86 5.32 333 861 0.00- 8.61
Cl4:1
C15.0
C16:0 44.15 41.32 48.37 35.45 45.04 41.14 40.06 41.83 4796 35.45-48.37
C18:.0 22.30 18.04 24.96 9.71 2381 23.35 20.98 12.44 1980 9.71-24.96
C18:1n9t 553 0.00- 5.53
C18:1n9%¢c 21.45 23.32 22.63 14.84 217 22.32 22.89 21.25 2849 14.84-28.49
C18:2n6c 7.68 7.92 8.08 15.18 9.47 10.28 10.18 18.85 7.68-18.85
C20:0 1.66 0.00- 1.66
C20:5n3
C18:3n3 149 0.00- 1.49
C22:1n9 8.26 13.17 4.40 10.73 4.40-13.17
C22:2 3.78 0.00- 3.78
SAFA 66.45 59.36 71.0 52.24 68.85 70.35 66.36 57.6 76.37 50 24- 76.37

(64%) (57%) (70%) (536%) (68.3%) (68.3%) (60.2%) (56.6%) (72.8%)
2071 3649 2263 2477 2170 2232 3362 2525 2849

MUFA (286%) (352%) (222%) (254%) (2L7%) (2L7%) (305%) (248%) (27.206) -0 3649
768 79 808 2045 947 1028 1018 1885

PUFA (T4%)  (T.6%) (7.9%) (21.0%) (95%) (10%) (9.2%) (18.5%) 0 000-2045

SAFA/USFA  66/38 5945  T7U3L 5246 6931 7032  66/44 58044 7629

Total (%) 10384 103.77 10171 97.46 100 10295 110.16 101.7 104.86 97.46-110.16
SAFA, saturated fatty acids, MUFA, monounsaturated fatty acids, PUFA, polyunsaturated fatty acids

£ lauric acid (C12:0)7F 1.43%, C18:1n9tS! daidic 1.66%, gammalinolenic acid?l C18:3n37} 1.49%,
acid’} 553%E =FA|stA C20:0%1 arachidic acid C22:2¢1 docosadiencic acid’} 3.78% A&5 7| % 3l

Analytical Science & Technology



FRE A ] At ol TS AT 217

ARE Bolgh 244 IRIE 5 UUTH(Table 4). 25%, 12%=E 74 AL gelsk £ e, 1, 44
AFHR PRt B o 20~30th AlFAR 1, A& BFolA XA 2-4%90] Aok BashA|
2, 3, 4, 551 Al59] 79l C22:1n99] erucic acid7t ko] 10-20%2] 4as 2H1s I tH(Fig. 4).
AEE = v 300 Fuk-500] A# A|E 6,7, 8,9
(femae)e] 7 $-oll= C14:0 myrigic acid’} A& 5+ 321. HSAF 1
7S ByF.oH, linoleic acid( C18:2n6c)S] 7% 1A A FAY SA R FEol| A 44.15%S 2}HA| 3Hd
AGA FAANAM = AEEA 2t pamitic acid (C16:0)7} 27.95%% x}A|shHA] 16.2%7F
AZH AWt A Z3HEZ AL v S0 ) Zr2 ¥ 3, dearic acid (C18:0)0+ 22.3%°1 4 30.7%
olME EEAAto] 57.6-76.4%, TAE-E3}1R]|HHto] 2 84%7F Z71HAth C181n9ce! oldc acide
2173 5%, th7} B Z 3R wAko] 0-205%2] A S 21.44% A 5.92%= 155%7F 7+AE A3, linoldc
ettt @ oz R HokS ) 50r) crli'ﬂ acidel C18:2n6ce] 7% 7.68%cl A 852%= k7t &
94 Al 8ol A ZEE L3R HAko] A3 H] &0 71 HAF0H, eucic acid?] C22:1n9= SA|A| &+
20-30t) ARG ETE 1528 7 F718k AL, 53] 49 XM= 826%E AA s HE=HUoW L7 WA
7 8H AF9] 79 thE AFA H] H H F7H 2 HAZEHA FUrh v SAA RN = HEEA
ke el oy, A TR e A A=EX 3] kot ESEXHAF C14:0 myridtic acid 3.52%, &2 3}
Aok s AEEA Gt X ¥pAke]l myristoleic acid (C14:1)7F 2.01%2 7 ==
= A Rl
32. XEZfF0 MmE Xt x=Mo| st
NE7 78 A A9 24443+ Table 5, 322. M3At 4
Fig. 3o VFERH AT 4 A 59 5 1HAZA] A 857 AR {7/ F
AEAFTA 19, 9] FRATE B8 4% & A Zke] 7o) whE A abE Sobel 7hAavE Bl

AAECl HlEl R/ A FARLE FFe] 7+t W 41 AlE AlFAEe] -9 pamitic acid (C16:0)2]

Table 5. The identified fatty acids composition of fresh and old fingerprint

Donor 1 Donor 4
Fatty acids
Fresh Old Fresh old
C12:.0 143
C14:.0 352 3.99 3.56
Cl4:1 201 1.86
C15:.0 2.07
C16:0 44.15 27.95 35.45 35.37
C18:.0 22.30 30.70 9.71 8.70
C18:1n%t 553
C18:1n9%c 21.44 5.92 14.84 23.38
C18:2n6c 7.68 852 15.18 6.34
C20:0 1.66
C20:5n3 3.78
C18:3n3 149
C22:1n9 8.26 4.40
C22:2 3.78
SAFA 66.45(64.0%) 62.17(79.1%) 52.24(53.6%) 49.70(58.4%)
MUFA 29.70(28.6%) 7.93(10.1%) 24.77(25.4%) 25.24(30.0%)
PUFA 7.68( 7.4%) 8.52(10.8%) 20.45(21.0%) 10.12(11.9%)
SAFA/USFA 66/37 62/17 52/45 50/35
Total (%) 103.84 78.62 97.46 85.06

SAFA, saturated fatty acids; MUFA, monounsaturated faity acids, PUFA, polyunsaturated fatty acids.
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Donor 1

Fatty acid peak(%)

1
E
|

C120 C140 C141 C150 C160

Donor 4
Fatty acid peak(%)

C120 C140 C141 C150 C160

OFresh Fingerprint
@OId Fingerprint

C180 C181n%t Ci181n%c Ci82n6c C200 C205n3 Cl183n3 C21n9  C22
Fatty acids

OFresh Fingerprint
BOId Fingerprint

C180 Ci8ingt Cigingc Clg2nec C200 C205n3 C183n3 C221n9  C22
Fatly acids

Fig. 3. Changes in fatty acid composition by fingerprint deposition (fresh, old fingerprint-7 months after printed).

Fatty acid ratio(%)
120

100

80

OPUF&
EMUFA
E0 BSAFA

40
20

0
Donor 1 Donor 4

Fig. 4. Change of fatty acid ratio(%) by fingerprint
deposition. &) fresh fingerprint, b) 7 months after
fingerprint deposition SAFA, saturated fatty acids;
MUFA, monounsaturated fatty acids, PUFA, polyun-
saturated fatty acids.

ZAAET §EAR] 2o 3537%,
2 x}o] 7} QUL stearic acid (C18:002) A 1

A%
35.45%
W AR AR Ve 7 St 307k A A

73] mE FEFe] WslxE & 4 31k Olec
acid (C18:1n9c)= A17ke] 7ol wet 85% 57kl
S} linoleic acid (C18:2n6c)= 8.8% A4 dte A ES
Bt T3 freed Bl = HAEEA ¥4F Clal
(myristoleic acid) 1.86%<} pentadecanoic acid (C15:0)
7} A& E oM, C20:5n3¢] ecosapentaencic acid”}
3.78% AEH At

4. 0 &

4.1, Bt X|20M EolE X|akit

HThd Aol EAfshe FAAES] At 24
3} ffol e WSk BASAE W SAA Lol
= T2 pdmitic acid (C16:0, 35.45-48.37%), dearic
acid (C18:0, 9.71-24.96%), oleic acid (C18:1n9c, 14.84-
28.49%), linoleic acid (C18:2n6c, 7.68-18.85%) —L&] I
erucic acid (C22:1n9, 4.4-13.17%)<} myristic acid
(C14:0, 0-861%)7t HEHS AT F ATt <]
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a) sweat

Fatty acid ratio(%)
35

30
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b) fingerprint
Fatty acid ratio(%)
50

5
40
35
30
25

20

C18:1n9¢c

219

¢

¥

C18:2n6t @
C18:2n6e | S
C20:0
C18:3n6
C22:1n9 54
€20:4n6 &
C22:2)¢)
C22:6n3

€24:0/C20:5n3 | 3

acid

o A A A
2 2 2 29 Q@ - 9 ¢ 9 - 9 - 9 &5 o g 0o 2 @ T Q Q @ o N @ = o«
o‘—Nmﬁ#mmmwnmw%%%‘gagg&gfga§§5
6656555655555£g§go§ooo§gogo§
5500 8] O O o &)
.§
Fatty acid
Fig. 5. Composition of identified fatty acid on sweat(a) and fingerprint(b).
T A 2 A7l @ T ARt AN 24 Weile Wl Aol AEE Adate] 2L H T

49 Ao FZ pamitic acid$l C16:00] 22-
45%, pamitoleic acid?] C16:17} 0-30%, oleic acid<]
C18:1n9c”t 8-25%, Myrigic acid®! Cl14:07} 8-10%E
A 8}al gearic acid?! C18:00] 3-11%, lignoceric acid,
eicosapentagnoic  acid®] C24:0/C20:5n3°] 1.8-5.4%,
linoleic acid?] C18:2n6¢7} 1.4-4.8%, linoldaidic acid
ol C18:2n6t7} 1.0-3.3%2] ZAH|E 2R3l C10:.0
(capric acid)& H|Esled  C22:6n3 (docosshexaenoic
acid)5-9] thFet A ate] 2448 I A3 M )

o=
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Are] Fazxgds v A5 Yl slovt
Ho A HE¥ pamitoleic acid (C16:1)E A &olA =
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Fig. 6. Constitution of identified fatty acids on sweat(a) and
fingerprint(b). SAFA, saturated fatty acids, MUFA,
monounsaturated fatty acids, PUFA, polyunsaturated
fatty acids.
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