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AAEIIT To] ARG BAe Ad 2 A 46~122 uL/mLE AR} 2, AEE ofu| ke
EEE 7l Eq—lﬂ- 1 2o]7t o, 2 glycine(4.7~19.0 puL/mL), threonine(1.3~26.0 uL/mL), alanine
(0~13.5 uL/mL), valing(0~8.0 ul/mL) 2] 3L histidine(0~13.2 uL/mL) 5°] A& At} Fol2] 3¢
Na°| 3078.6~4815.6 ppmoZ 7P ¥& S BT, Ko| 267.3~823.9 ppm©] A 2™, Ca(15.4-44.7
ppm)3} Mg(4.13~8.96 ppm) 22 ZAFEUTH &0l Foll= CI(2167~4073 ppm)S} F(454~582 ppm)7t

T2 AEFA v Y4AE Rb(132~824 ppb), Zn(90~1846 ppb)e} Cu(17~415 ppby’t 2 ZHAE =
om, 3 % A AL 1] Fol7t | VERER AR @) TFs whge] e s o] Atk
Abstracts: Sweat contents were investigated for using those data to forensic purpose. The experiments of
identifying sweat contents were as follow: 1) measurement of amino acids (aspartic acid, serine, glycine etc)
by HPLC, 2) anions (CI-, F~, and SO,*) by IC and 3) trace elements (Cu, Zn, Li, B, etc.) by ICP-MS. Amino
acid contents in sweat are varied with individual samples and glycine, threonine, alanine, valine and histidine
are detected as the prime one. The detected anions are CI” (2167~4073 ppm) and F~ (454~582 ppm) mostly.
Trace elements of Rb, Zn and Cu are detected and those concentrations are relatively very high. The compositions
of sweat can be influenced by various factors (diet, anthropometric, characteristics, physical fitness, age, gender
and the state of the health).
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Fig. 1. Examples of latent fingerprint developing with Ninhydrin (A), DFO (B) and lodine fuming (C) by AFIS.
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Table 1. Identification of sweat donors

Table 3. Operating condition of Ion Chromatography(IC).

Sample No. Gender Ages Smoking  Occupation Column IC-Pak Anion HR 4.6 X 75 mm
1 Male >40 No police Flow rate 1.0 mL/min
2 Female >40 No student Solvent Na,COs : NaHCO; (1.40 mM : 1.6 mM)
3 Male >20 No student injection volume 20 pL
4 Male >20 Yes student
5 Male >30 No student Table 4. ICP-AES instrument settings and data acquisition
6 Male >30 No public survant parameters
7 Female >30 No house keeper Thermo Elemental X7
8 Male >30 Yes public survant Forward power (W) 1300
9 Male >40 No police Cool gas flow (L/min) 15
10 Male >40 No teacher Aux gas flow (L/min) 05
Neb gas flow (L/min) 0.8
ol 20 uL Waters AccQ - Fluor ReagentE B 3 7}3}ko] Sample uptake rate (ml/min) . 15
B - Spray chamber : Impact bead, peltier cooled, 3°C
0 Egol F3, FEAN 3 20 AT 0

S, TERAE FAA FuAl A
3 Table 29} 738 Z71 2 2 HPLCE AME-sle] £4
3FATE"? Columne Waters Acc * Tag 3.9X150 mm,
+= 1.0 mL/min, detector= @371%7] Ex 250
nm, Em 395 nm, injection volume> 5 uL, mobile phase
= AEY; Waters AccQ - Tag Eluent A, B&Y;
Acetonitrile, C-&9; &o| &5 ALE-3lo] 413513 )

P
T
<ol 55°CE A% heating blockol] ¥ 10&7F 7+
Q
=
A

232 & CHHE M

o] ShES Lowrye] WHE O 2 Bovine Serum
Albumin (BSA)Z ¥ thild g o] &3l & A
S F3}3 bradford (Bio-RadAhA] F o 2 whl 2 3}
WEAIZL 2 595 nmollA] FREE SH8t 2 FE

Table 2. Operating condition of HPLC

Nebulizer: Cross-flow nebulizer
Peak jumping acquisition parameters

Points per peak 3
HESIT,
233 Ho| A 24N

ol F{E 2ol 42 ICE A
columne [C-Pak Anion HRS A}&-3}3 conductivity
detector 432, Flow rate 1 mL/min®] ZZAA £23}
I gol29] EAe ICP/AESE ARSI #4z
< Table 49+ 2t} Y4 #4& ICPMSE AHE
I YA BAS fe AAXE wHezE A

7}ale] & o] &3}A]7]= Franck Poitrasson 59

e

Ol
2

et

Column Water Acc. Tag 3.9 X 150 mm
Flow rate 1.0 mL/min
Water AccQ. Tag Eluent A Acetonitrile D.W
0 min 100 0 0
0.5 min 99 1 0
18 min 95 5 0
Sol 19 min 92 8 0
olvent system 30 min 33 17 0
38 min 0 60 40
43 min 0 60 40
47 min 100 0 0
50 min 100 0 0
Injection volume 5 uL

Wavelength (Ex/Em)

250 nm / 395 nm
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Table 5. ICP-MS instrument settings and data acquisition
parameters

C WA A S

Table 6. Regression line and correlation coefficient(r?) for a.a
content of sweat.

Thermo Elemental X7

Forward power (W) 1250
Cool gas flow (L/min) 13
Aux gas flow (L/min) 0.4
Neb gas flow (L/min) 0.8
Sample uptake rate (mL/min) 0.6
Spray chamber : Impact bead, peltier cooled, 3°C
Nebulizer: Meinhard concentric

Peak jumping acquisition parameters

Points per peak 3

WS 388k RA AL Table 53 32t 7]
A &£ cool gas 13.0 L/min, auxiliary gas 0.4 L/
min, nebulizer gas 0.8 L/ming AH&-3l9om U§ &
FE22 Rh ¥ Tl | ngmLE 37 Fst] 257+
TE BT

w

dn % n#E

Fig. 2& HPLCE o|&3lo] & 5 olmizjbe] dhak
Ao o] &HE FFE=4 9 Al HPLC chroma-
togramo]Th, 1 ¢ TFE

A3 MFE AL
(retention time, RT)S H]W3l3 F% thH] peak &
o7 O S AEINL AT BE ofu|iite] H
< AAAFE)7F 0.995 o] o= kST AABAS

ST Table 6, Fig. 3).

@ 5 ofv|=Ate] e Table 73 7] glycine,
threonine, alanine, valine ~22] 3 leucine®] =S 2 3+
ol Eow AN ofust FHgFe We AjolE

A) LU

HD Stasdard

. .

- yag b W

- HHE Ry

= 183 ijs'uﬁ %'{ i
o > %

Regression line

Compounds RT r
m b

Aspartic acid  13.963 8.017 3.188 0.9962
Serine 15.663 1.266 3.270 0.9984
Glutamic acid  16.405 9.044 3.565 0.9962
Glycine 17.878 1.303 2431 0.9992
Histidine 18.523 2.154 1.882 0.9997
Arginine 21.446 2.094 3305 0.9994
Threonine 21.627 2.332 3.893 0.9993
Alanine 22.293 1.699 6.616 0.9964
Proline 23.694 7.006 1.286 0.9992
Tyrosine 27.270 2.401 1.400 0.9998
Valine 28.424 2.663 6.938 0.9984
Methionine 29.031 2.370 3.639 0.9994
Lysine 32214 1.246 5.186 0.9958
Isoleucine 32.588 3.568 7.904 0.9988
Leucine 32.938 3.827 7.781 0.9990
Phenylalanine  33.418 7.658 1.972 0.9997
m : slope

b : intercept
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2 cystineZ} methionine®] 33} tjAtel] A o
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Fig. 2. HPLC Chromatogram of amino acid standards (A) and amino acid in sweat sample (B).

Analytical Science & Technology



o] A A3 AN E Bzl e AT 151
A) Avea ] B) Area

RS- S R
| A ss0 b

200+ ! -
1 300 d
] 250

150 2 2.
1 F Q{nj ‘__j}"'

100
| 150 —
! 1,7 y=2.40x+1.40 : 1, y=8.82x+7.78

g -4 * 2=0.999 100 _ /.. r’=0.999
17 0= 7
1 s 99,518 i 98.861
1] . ———— T T 0 — P
0 50 100 0 50 100
Armauntpmolid] Amountiprioliull
Fig. 3. Calibration curves for analysis of tyrosine and leucine content in sweat.
Table 7. Concentration of amino acid in sweat
Compounds Sample No.

(uL/mL) 1 2 3 4 5 6 7 8 9 10 Means
Aspartic acid 0.0 0.0 4.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0
Serine 0.0 0.0 14.9 0.1 0.0 31.9 0.0 0.4 0.0 0.0 1.9
Glutamic acid 0.0 2.7 3.7 0.6 0.0 0.0 0.0 12.6 0.0 5.9 1.6
Glycine 0.0 15.1 6.3 8.2 0.0 18.96 8.7 7.9 5.2 4.7 6.2
Histidine 0.0 12.0 8.7 6.7 3.5 1.9 0.0 13.2 0.9 0.6 3.8
Arginine 0.3 1.1 4.1 0.8 0.5 04 03 0.6 0.6 2.0 0.7
Threonine 0.0 10.6 5.0 92 1.3 262 5.6 5.9 0.0 1.5 43
Alanine 0.0 13.5 4.5 3.6 0.0 7.7 4.1 11.8 1.7 4.9 43
Proline 0.0 5.0 12 2.6 0.0 0.0 0.9 0.8 6.1 1.1 13
Tyrosine 0.0 35 3.3 3.8 0.8 2.7 3.9 4.2 2.2 1.8 24
Valine 0.0 8.0 2.7 2.4 2.7 58 7.9 5.3 4.6 5.1 4.1
Methionine 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.6 0.1 0.0 0.1
Lysine 0.0 2.1 2.8 39 0.0 4.1 2.9 2.7 0.2 0.0 1.6
Isoleucine 0.0 3.1 1.8 0.3 0.7 0.3 2.5 2.7 1.5 1.3 1.2
Leucine 0.0 43 42 1.5 1.1 0.8 3.0 5.7 4.6 4.0 2.6
Phenylalanine 0.0 1.4 3.7 1.6 0.0 1.1 0.9 4.0 33 1.1 1.5
Table 8. Total protein in sweat

Sample 1 3 4 6 8 9 Mean
Total protein (46.4~122.0)
(ul/ml) 76.1 70.5 122.2 46.4 59.4 594 66.4

ez B Ase Table 87 7Fo) 46.4~122.0 uL/
mL o™ & #8]7F 7P Bokd 4 AlFArE 5485

ol 9] e Naol 3078.6914 4815.6 ppmOZ
=9 £ 267.3~823.9 ppmolH, Cal 154

~44.8 ppme &, Mg 4.13~8.96 ppm &2 AZH
omn, Fol&9] A9 NO,, Br, PO/ ¢ NOs & A&

al,

Vol. 20, No. 2, 2007

A 9k, Clro]&o] 21674072 ppm &, Fo]-&
o] 454904 582 ppmO. 2 HAEH AT AT Yol
I} Fole] A9 A A FAATE)7F 0.999 ©]
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Fig. 4. IC chromatogram of anion standards (A) and anion in sweat sample (B)

Table 9. Regression line and correlation coefficient(r?) for
cation content of sweat.

Regression line

Cation
m b r
Na 3040 93.0 0.9999
K 7559 203.8 0.9999
Ca 70610 4934.8 0.9999
Mg 204100 634.0 1.0000
m : slope
b : intercept

AE 441 Uell o] 271714 #2415 AAIs A7 Rb
o] 7b4 =& 3o g 132~824 ppb e B, Zn7}
90~1846 ppb, Cu = 7~415 ppb2] THS Hom, 7|
o1x}ol&= UAARE B, Ba, Pbut WA 940 UL
o AE = AlTAE AT Table 11).

4@ =

2 AR AN ED BARE Be ARTAZ of

Table 10. Concentration of cation and anions in sweat

=2t FFHo| oIME  glycine (4.7~19.0 uL/mL),
threonine (1.3~26.0 uL/mL), alanine (0~13.5 uL/mL),
valine (0~8.0 uL/mL)9] =02 E3tow 7 ohf
S S Aol & AT = AN Folo] ke
21o] A= Nao] 3078.6-4815.6 ppmo &2 714 =& 3
FS BAIL, Ko| 2673904 823.9 ppmo]ALH,
Ca (154~ 44.7 ppm)3} Mg (4.13~8.96 ppm)S.Z ZA}
Ak SolL9l AL CI(2167~4073 ppm)9t F-
(454~582 ppm)7t T2 AZHUTE F 5 4 4
o 9lo]A = Rb (132~824 ppb), Zn (90~1846 ppb)S}
Cu(17~415 ppb)7} =2 &S HITh Ni(7~300
ppb), B (23~693 ppb), Ba(9.97~63.6 ppb), Pb (1.10~
439.14 ppb) & 3L U (0~11.39 ppby5-c] AZ= At}

oju] & ARG E He] AR RAME BEUE 3
AR Eol| o EA 5= o] wkgEte] FBE o
= % 9] AN Z-¢ Europium complex §/43t &
dE G948 IRIENT F43E 93 A&Hd A
T7F A= L Ah(Fig. 5).

AT BAEE B AR Y B4 A7 B
Z, 315t A&l A 2 NEL dEFHY A

( ) Sample No.
m
PP 1 3 4 10 Means
Na 4815.76 4745.65 3078.67 3801.61 4110.42
Cuti 679.30 579.01 26731 823.9 587.38
ation Ca 22.59 33.18 15.43 44.79 29.00
Mg 429 8.96 4.13 473 5.53
i cr 4072.8 3537.8 2167.8 3268.0 3261.60
fion F 556.6 582.0 454.0 466.8 514.85
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B)

Fig. 5. Comparison of visualized latent fingerprints on ink standard (A), fluorescent powder (B) and europium (IIT) complex

(C) under UV light by AFIS.

Table 11. Concentration of elements in sweat

Elements Sample No.

(ppb) 1 2 3 4 5 6 7 8 9 10 Means
Li 13 2 14 3 0 0 2 3 4 1 3.50
B 158 144 30 49 23 31 31 158 693 37 79.75
\% 3 21 9 15 6 5 13 3 9 9 8.63
Cr 7 33 13 51 9 12 21 26 17 11 17.75
Co 0.22 1.94 0.20 2.18 0.13 0.34 0.61 1.64 0.55 0.25 0.72
Ni 7 303 7 235 69 51 259 176 10 101.75
Cu 34 415 197 245 66 414 205 287 218 17 20825
Zn 116 617 93 498 90 1846 171 1378 185 158 402.00
As 1.57 7.67 3.76 8.02 2.54 2.60 6.17 2.61 418 3.19 4.09
Se 3 26 12 27 8 8 21 5 15 2 12.25
Rb 198 824 206 471 315 132 373 667 723 305 407.25
Zr 0.23 0.69 0.41 1.49 0.08 0.32 0.64 0.96 2.78 0.06 0.60
cd 0.17 8.47 0.10 1.44 0.73 337 2.01 235 1.02 0.42 1.44
Sn 0.69 3.16 0.26 3.15 0.18 1.63 483 1129 2.11 1.19 2.13
Sb 098  19.64 0.19 1.11 0.07 0.44 0.76  15.99 0.42 0.22 2.05
Cs 0.65 1.87 0.65 1.64 0.65 0.42 0.60 3.00 3.04 0.94 1.25
Ba 3137 63.61 3121 3023 3.81 2823 1703 3146 1233 9.97 23.98
La 0.02 0.16 0.04 0.75 0.03 0.06 0.44 255 1.57 0.92 0.50
Ce 0.04 0.21 0.06 1.25 0.09 0.13 0.63 3.73 3.02 1.05 0.81
Pb 357  439.14 247 2046 1.10 3.64 1962 9490 7.90 487 19.68
U 10.62 0.10 1139 0.05 1.36 0.18 1.84 0.05 0.03 0.00 1.78
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