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2 ok ¥ ATE AR F AW 240 A ATRA B G F AP 2L 23t
AR R BYFARE ESHU DAY ALl EARE BEH] A AP B S
Qe AHgate] 2

oz g A RS A AW 37%9] methylesterS Bl & FFEZZ dlo] GC-FIDE
£ Az} 20-300) AF 9] FAWA TS 564-72.0 %, SoHAH ] A FALe] B 32.4-
454%% ARl STt W FALAT] ARSI F AT e viEHE Atere F
28%°] HAZE I C16:0 (palmitic acid), C16:1 (palmitoleic acid), C18:1n9¢ (oleic acid), C18:0 (stearic acid),
C14:0 (tetradecanoic acid) 55-°] 10-45 %S XFAsHHA FAEUS ERISHAIL 2 €9 C12:0 (lauric acid),
C15:0 (pentadecanoic acid), C18:2n6c¢ (linoleic acid), C18:2n6t (linolelaidic acid), C20:0 (arachidic acid), C24:0/
C20:5n3 (lignoceric acid/eicosapentaenoic acid)’} & AlEo)A HEFAT 53] Cl4:1 (myristoleic acid),
C15:1 (pentadecenoic acid), C21:0 (heneicosanoic acid), C22:1n9 (erucic acid) 5-2] A|WAH 7iAE Solgt
AEE AT AT ZAPAR BaxshAAEe] Bl ol SlojX= 0.94:1004 2.6:19] WS B
oA FHQlel mEt 2 AolE RIS e AP T W FA Y] e FE A &
AE XS A wjE7h Al ot Z& ERIE 7 AT H F olv|=4ke] 79 serine (0-31.9 uL/mL),
glycine (0-18.9 uL/mL), threonine (0-26.2 uL/mL)°] F& HZE ¥ £3] 20-30t] AFo|wHA dulae] A
FEo] =& AMANM S gkl 108 o) STt = AE It Hog wiEHe opw=Ate] JHAE
ZYRLEE AT F Ik
Abstract: The aim of this paper is to investigate composition of fatty acids in sweat on purpose of latent
fingerprint detectant developing and crime evidence searching. Fingerprint from 5 male donors (aged 29-50
years) were collected. We identified fatty acid components on sweat using methylester mixture (37species) as
standard fatty acid and analyzed them by GC-FID. As donor was aged, the level of total fat was found to
decrease markedly (aged 20-30 years: 56.4-72.0 %, aged 50 years : 32.4-45.4 %). We identifided 28 species

% Corresponding author

Phone :

+82-(0)42-821-5240 Fax : +82-(0)42-822-5236

E-mail : swparkO5@cnu.ac.kr

—434 -



NAE geo] BRI e A 435

fatty acid, primarilly C16:0(palmitic acid), C16:1 (palmitoleic acid), C18:1n9¢c(oleic acid), C18:0 (stearic acid),
C14:0 (tetradecanoic acid) and all sweats were found to contain C12:0 (lauric acid), C15:0 (pentadecanoic acid),
C18:2n6c¢ (linoleic acid), C18:2n6t (linolelaidic acid), C20:0 (arachidic acid), C24:0/C20:5n3 (lignoceric acid/

eicosapentaenoic acid), but with differing frequencies and at varying levels. C14:1 (myristoleic acid),

C15:1 (pentadecenoic acid), C21:0 (heneicosanoic acid), C22:1n9 (erucic acid) were often observed in sample.
Ratio of saturated and unsaturated fatty acid was from 0.94:1 to 2.6:1. And decrease of total fatty acids
components caused by loss of saturated fatty acid and monounsaturated fatty acid. In case of sweat amino
acids, we detected serine (0-31.9 puL/mL), threonine (0-26.2 uL/mL), glycine (0-18.9 uL/mL) and 20-30 years
old, highly protein intake ratio individuals increased (10 times) than 50 years old. We observed greatly individual

characterization of amino acid compounds in sweat.

Key words: sweat, fatty acids, amino acids
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8.47 ppb), Ni (5-303 ppb)e] 7HAE st £x &5 &
A vk o] HAFAS] F2 A EA Y A
7Ved S AAFALE TS o] He| AR
FAAE BEA o] 71225 E AA8te] Clol
23 g3 ligandE A= FFAH H=PAA
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Table 1. ldentification of sweat donors.

A - A -

Donor 1 2 3 4 5
Age 32 29 29 50 50
Racial Origin. Asian Asian Asian Asian Asian
Sexuality male male male male male
Occupation Student Student Student Public servant Police
Smoking no no yes no no
Medication no no no no no
Illness no no no no no
Diet Mixed Mixed Mixed Mixed Mixed
Cosmetics None None None None None

22 Alek acid), C20:1 (eicosenoic acid), C22:1n9 (erucic acid),

@ 5 Age] 3 AeH £u19 GC ¥4 &)
Q1 dichloromethane, BF;-methanol (Trifluoroboran-
methanol), isooctane} A|*4H EFEEZ Q] methylester

37%-2 Supelco(USA) AFZHFE] F5te] AHE3F3 ).

23, X4t mEEE

SupelcoAl (USA)] A4t methylester(37%) &%
ETE 0.1 g2 isooctane®l] £31AIA 100 mg/mL7}t =
=% A %3} standard peakE LFAoH A Ak
methylester T3 T3 2T}

C4:0 (butyric acid), C6:0 (caproic acid), C8:0 (caprylic
acid), C10:0 (capric acid), CI11:0 (undecanoic acid),
C12:0 (lauric acid), C13:0 (tridecanoic acid), C14:0
(myristic acid), C15:0 (pentadecanoic acid), C16:0
(palmitic acid), C17:0 (heptadecanoic acid), C18:0
(stearic acid), C20:0 (arachidic acid), C21:0 (henei-
cosanoic acid), C22:0 (behenic acid), C23:0 (tricosanoic
acid), C24:0 (lignoceric acid)2] E3}A%2F )9}
Cl14:1 (myristoleic  acid), C15:1 (cis-10-pentadecanoic
acid), C16:1 (palmitoleic acid), C17:1 (cis-10-hepta-
decanoic acid), C18:1n9t (elaidic acid), C18:1n9c (oleic

C24:1 (nervonic acid)®] TL-E XX WA E] 2283l
C18:2n6t (linolelaidic acid), C18:2n6c (linoleic acid),
C18:3n6 (y-linolenic  acid), C18:3n3 (linolenic acid),
C20:2 (eicosadienoic acid), C20:3n6 (eicosatrienoic acid),
(C20:3n3 (eicosatrienoic acid), C20:4n6 (arachidonic acid),
(C22:2 (docosadienoic acid), C20:5n3 (eicosapentaenoic
acid), C22:6n3 (docosahexaenoic acid)2] TF7HaEZ3}X]|
Wk ENE ARSSISIT,

24. X[t Mxq2[ey

A 8ol 53] dichloromethang 7}8le] 287F Wtk
AlZI & Ao x F8 2| A|7]3L dichloromethans
glass tube(3.0 cm x 10 cm)Z &7 th& 40°C ©] 3}l
Al EF3AY w5 AW JHEEEE 9k
0.5N methanol-NaOH 1.5 mLE 75l A4AE F
d& A 7S A =FsAh 100°CS] heating
blockol| 4] 5%-7F 7h2gk 5 30-40°CE WA AT A
Hho] §=A31E 98 14 % BF;-methanol £ 2 mL
g 7kt AAE FY F e A Sk 100°C
7423k}, 30-40°C2 23} isooctane
T AR FFAA A8

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

Parameters Conditions
Instrument Agilent 6890
Column SP-2560 (100 m x 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)

Detect Instrument
ctector Inlet and Detector Temp.

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

Analytical Science & Technology
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25. BMx=A

GC-FIDE AgilentA}e] A EFC 2 columne SP-
2560(100 mx 025 mmx02 pm), FYF %
250°C, column QL E-LEE 22 59 140°C, o] &
G 3°CE T3t 240°Co A 204 FAAHoH,
U7)A @ $ES HeQ 2 2.0 mL/ming YA M
A3t 7% 7]+ flame ionization detector(FID)=
280°ColX] A Z31 th(Tuble 2).

Jo o A fr

3. &1 3 nF
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C16:0, C17:0, C18:0, C20:0, C21:0, C22:0, C24:0¢]
E3pA w2 FE el Cl4:1, Cl15:1, Clé:l, C17:1,
C18:1, C18:1n9t, C18:1n9¢, C20:1, C22:1n9, C24:1¢]
TA B LA 4k FE 28] 3L C18:2n6t, C18:2n6c,
C18:3n6, C20:3n6, C20:4n6, C22:2, C20:5n3, C22:6n3
o] xSt FE T F 28F 0] AEHIS
w 24U &9 FEAlE Ao =2 palmitic
acidql C16:00] 22-45 %E A5t 714 =& 24
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Fig. 1. GC-FID chromatogram of fatty acid standards(a) and fatty acid in sweat(b).
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Table 3. Retention time(RT) of standard fatty acids.

Fatty acids RT(s) Fatty acids RT(s)
C4:0 489.66 C18:2n6t 1819.70
C6:0 561.50 C18:2n6¢ 1857.56
C8:0 688.54 C20:0 1898.92
C10:0 873.22 C18:3n6 1919.54
C11:0 979.24 C20:1 1949.10
C12:0 1084.94 C18:3n3 1954.16
C13:0 1200.46 C21:0 1983.66
Cl14:0 1310.86 C20:2 2028.96
Cl4:1 1396.34 C22:0 2068.96
C15:0 1416.82 C20:3n6 2088.96
Cl15:1 1501.10 C22:1n9 2119.04
C16:0 1522.14 C20:3n3 2124.20
Cle:1 1522.14 C20:4n6 2137.52
C17:0 1619.92 C23:0 2154.48
Cl17:1 1686.18 C22:2 2203.38
C18:0 1717.38 C24:0/C20:5n3  2245.82
C18:1n9t  1755.82 C24:1 2304.56
Cl18:In9% 1773.4 C22:6n3 2529.64

B E XA 3R 2™ palmitoleic acidS! C16:17}F 0-
30 %, oleic acid®l C18:1n9¢c7} 8-25 %, myristic acid
Q1 C14:07} 8-10 %= XS}l stearic acidd] C18:0]
3-11 %, lignoceric acid, eicosapentaenoic acid®l C24:0/
C20:5n3°] 1.8-5.4%%E A3 2™ linoleic acid?!
C18:2n6c7} 1.4-4.8 %, linolelaidic acid®! C18:2n6t7}
1.0-3.3%=% HEEE RISATHFg 2).

32, FAA AEFoR & o AR o] 200)-
300021 1, 2, 3 A7} 56%-72%Z 2FA3H=d] H)s)
50t0Ql 4, SH AJ59] A " T TAEAY] ghol

shegul o] 7HAt ERIE o] A#e] Frtel

33. " T ERlE 2Rtk Bkt gk
o il W& Hlo] glojr EpA|Hbsto] 48-
73 %, G E SR 9] 18-47 % 123 T7F B
SRR A9 4-10 %S A E o dH S BF
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e
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A 3= ¥ &2 20-30tH 9} S0tH 7 48-71 %, 48-72 %=
Al o Tl E2skAAke] 74 20-300) 4%
o] 23-47 %5 Ho|aL 50t A% o] 18-44%, Th7HEE
SRR HAES] vl Eo ol 4-5%2F 9-10 %S Ko
ot A o] w F grrEEIA k] 2AIH] 7 20-
3000 A= e Aule vlE) 2u] o)} Frtele A

% 4 19tk

7S

=

Me 19 sy AFAe] A ¥
70 %01 A4S R 5FHA] B E 8 R Wakzle] H]
Do E 2.4-2.6:19 ratios YEMAL 2, 3, 4
A8 49 A HAFO] 48-56 %S X}X| S A
Ex PR WAkke] Blgo] lojA] 0.9-1.3:19] ratioE

T AolA Aake] FEH A9l BE] AolE
Folgh 4= e, 2, 39 A|Fe A uE Ay
Apoll vl3] ThrbE SR whAke] gzt 28] b

o2
>
2 50

<]

ot iz

3-4. Table 5 N EAFA 5919] ofn|iito] H-4
zolth !t o 2 wjEEE olv|=2to 2= serine (0-
319 uL/mL), glycine (0-18.9 uL/mL), threonine (0-
262 uL/mL)®] F%=7F %o AE opn| it F
ol B2 zolE vehle] 2, 3W Alge] A5
o2 AlFApel Hls) 108 o] E3 HAEE ofn| =4t
T 7ol JdoM= thE AFA | H]3l] methionine (0-
0.3 uL/mL), lysine (2.8-4.1 pL/mL), phenylalanine (1.1-
37 uL/mL) 5 BFstAl HEE AT 53] DNAC
purine, pyrimidine A1 ZItHALel] A Fod3far whal A
21 Fo] theF EA| 3= serine, glycine, threonine®] 3
o] Fol WA AFH(THFS] duE H3)d e
o i=ke] AU WA &0 FUHE 4T e 4

= B3

3-5. Aol e Aol B 50t AHQ 4, 5
A g9l Ao wome] ofu=ite] ujZo] 20-30t) &
29l 2, 3% A 8o Bl&] FA3F] AL A w2
2 k= AFAL YTk L 300 A 1 A

A A4S e S AFHEC] W2 AFHcE <

A=Y
ool oeliedt wiEe FaF Helste] Bo
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Table 4. The identified fatty acids composition of sweat by GC/FID

Fatty acids 1 2 3 4 5 peak area range %
C10:0 0.25 0.00-0.25 0.0-0.4
C11:0 0.06 0.00-0.06 0.0-0.1
C12:0 0.28 0.46 3.40 0.44 0.76 0.28-3.40 0.4-2.0
C13:0 0.26 0.33 0.34 0.28 0.26-0.34 0.0-0.6
C14:0 6.22 4.25 4.95 435 2.58 258-6.22 8.0-10.0
Cl4:1 250 0.00-2.50 0.0-5.5
C15:0 3.52 3.94 232 2.63 133 1.33-3.94 0.0-4.0
C15:1 1.73 0.00-1.73 0.0-3.8
C16:0 32.44 15.26 15.15 9.91 11.78 9.91-32.44 22.0-45.0
C16:1 7.19 20.13 15.74 0.87 0.00-20.13 0.0-30.0
C17:0 1.06 136 0.71 0.80 0.00-1.36 0.0-2.0
C17:1 1.33 2.88 2.80 0.00-2.88 0.0-6.2
C18:0 4.50 3.62 2.81 1.54 3.57 1.54-4.50 3.0-11.0
C18:1n9t 0.20 0.18 0.15 0.15-0.20 0.0-0.3
C18:1n9¢ 7.82 7.63 6.53 11.24 2.57 2.57-11.24 8.0-25.0
C18:2n6t 0.75 127 1.03 1.52 0.82 0.75-1.52 1.0-3.3
C18:2n6¢ 2.00 0.95 1.33 0.80 1.56 0.80-2.00 1.4-4.8
C20:0 0.57 0.61 0.51 0.42 1.16 0.42-1.16 0.8-3.6
C18:3n6 0.12 0.07 0.00-0.12 0.0-0.2
C20:1 0.33 0.41 0.00-0.41 0.0-0.9
C21:0 0.21 0.00-0.21 0.0-0.3
€22:0 0.47 0.28 0.30 0.32 0.00-0.47 0.0-1.0
C22:1n9 0.60 0.00-0.60 0.0-0.8
C20:4n6 0.52 0.40 0.57 0.00-0.57 0.0-1.3
C22:2 0.39 0.34 0.45 0.00-0.45 0.0-1.0
C24:0/C20:5n3 1.89 1.79 1.03 0.99 191 0.99-1.91 1.8-5.4
C24:1 0.20 3.12 0.00-3.12 0.0-9.6
C22:6n3 0.22 0.47 0.87 0.00-0.87 0.3-2.7
50.95 3233 31.75 21.66 23.41

SAFA (70.80%)  (48.41%)  (5631%)  (47.66%)  (72.36%) 21.66-5095  48.41-72.36%
17.14 31.15 2227 19.9 5.69

MUFA (23.80%)  (46.64%)  (3949%)  (43.79%)  (17.59%) 3693115 17:59-46.64%
3.85 3.30 2.36 3.88 3.25

PUFA (5.35%) (4.94%) (4.19%) (8.54%) (10.05%) 2.36-3.88 4.19-10.05%
71.94 66.78 56.38 45.44 3235

Total(%) (100%) (100%) (100%) (100%) (100%) 32.35-71.94 100%

SAFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids

4.4 =
B AP B9 BOR jFHE AU R of
ulwsre] 2% 2 43 sobstel 28 0] A

S Q1319 =2 palmitic acidQ! C16:0°] 22-45%,
palmitoleic acidQ] C16:17} 0-30%, oleic acid®l
C18:1n9¢c7} 8-25 %, Myristic acid®l C14:07} 8-10 %
£ 2R3} stearic acid$! C18:0°] 3-11%, lignoceric
acid, eicosapentaenoic acid$l C24:0/C20:5n3°] 1.8-
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5.4 %, linoleic acid$l C18:2n6¢7} 1.4-4.8 %, linolelaidic
acidQ! C18:2n6t7} 1.0-3.3 %2 AW & el3td
FA A gkl 9lejA] 20-30t7F 56.4-72.0 %, 50
A o] AFgAte] AL 324454 %= AES7) wh
2 WEHAE AT F AT TS ofrbe] A
£ F=2 sering(0-31.9 uL/mL), glycine (0-18.9 uL/mL),
threonine(0-26.2 pL/mL)°] @22 W& =& 28 &
AR AMAE 2AZ FEo] mlf s Il

& 5 9glov] 53 ABZle] me ofrlwat uj

i1
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Fig 2. Composition of identified fatty acid on sweat by GC/FID.

Total fatty acid(%)
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Fig. 3. Constitution of identified fatty acids on sweat.
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SAFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids

sk $ @l 43 5ol Axnd de JY=
AT & e AAeloM ALH Aol Yo
AA 8RS - APE Sole] HoE wiEsE e AW
Abo] 79} 3reks elslgom JfAE Eo)FQl
A} o] FF 9 FES HAohY S glo]
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A IS A=A e] B87FsHe) ZltiHon
EE AL QoM B FAARS NEE <
AROEe wok 02 44T 5 A GAA
o Mg % AP THS AT ArRe Bgol
FNejgie,
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Table 5. Concentration of amino acids in sweat

441

Amino acids

. Weber, J., Kumar, A., Kumar, A., Bhansali, S., Sensors
and actuators. B, 117, 308-313 (2006).

Vol. 20, No. 5, 2007

(uL/mL) 1 2 3 4 5 range
Aspartic acid 0.0 4.5 0.0 0.0 0.0 0-45
Serine 0.0 14.9 31.9 0.0 0.0 0-319
Glutamic acid 0.0 3.7 0.0 5.9 0.0 0-59
Glycine 0.0 6.3 19.0 4.7 0.0 0-19.0
Histidine 3.5 8.7 1.9 0.6 0.0 0-8.7
Arginine 0.5 4.1 0.4 2.0 0.3 0.3- 4.1
Threonine 1.3 5.0 26.2 1.5 0.0 0-26.2
Alanine 0.0 4.5 7.7 49 0.0 0-7.7
Proline 0.0 1.2 0.0 1.1 0.0 0-12
Tyrosine 0.8 3.3 2.7 1.8 0.0 0-33
Valine 2.7 2.7 5.8 5.1 0.0 0-538
Methionine 0.0 0.3 0.0 0.0 0.0 0-03
Lysine 0.0 2.8 4.1 0.0 0.0 0-4.1
Isoleucine 0.7 1.8 0.3 1.3 0.0 0-1.8
Leucine 1.1 42 0.8 4.0 0.0 0-42
Phenylalanine 0.0 3.7 1.1 1.1 0.0 0-3.7
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