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2 o AR ZAHH dAEFHe| 712 P 2 Zgsl7] flst] A2 BAEE 7o JEES
AN BT ) RS B35 Axt & @A 46~122 uL/mLE /M T, AEE ofuike
Ex 5 7jole wlgl 1 2pol7} o, F2 lycme(4 7~19.0 uL/mL), threonine(1.3~26.0 uL/mL), alanine
(0~13.5 pL/mL), valine(0~8.0 uL/mL) Z2]3L hlsudme(0~132 uL/mL) 5°] AEHATE Fol2] 7+
Na©] 3078.6~4815.6 ppm2.Z 71 ¥ olaS B3, KO| 267.3~823.9 ppm©| 2™, Ca(15.4~44.7
ppm)J)r Mg(4.13~8.96 ppm) = FAME T £0]& %ﬁlt CI(2167~4073 ppm)9} F(454~582 ppm)7t
AZEEAT) 1F A4E Rb(132~824 ppb), Zn(90~1846 ppb)et Cu(17-415 ppb)’t F2 HAE =
zua, 2 9N AR ] Folrh 2A EhtER AR Aol theket o] 275} Hrk
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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w2 AA &5, RS W), 28 AelE
A=l o5l HEpAl AGelA ot=d g™ EH| 7t
FU =] WEE = Aotk dA] AHEF AR EF
He Heo] 54 w3 318t 983l Ninhydrin,
lodine fuming, 1,8-diazafluoren-9-one(DFO), AgNO;

W 5ol sleH, o]H g WHES B 7, ol
b A, g Ol Toll QJaA FEFS W e
2 4EA SUokEFig. 1).
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~4912.40 ppm, K 881.42~73545 ppm, Cl 4179.04~
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A, 54 94 5o Bol =&HE AHES FEs)
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21. 717 H A<k

o} abe] #eR A& HPLC (Agilent 1100), UV-
vis £33 7](Bio-rad) &, &°l22] #4-2 Ton Chroma-
tography (IC, Waters 2690), o]} n]&F fJAaie
ICP/AES (Perkin-Elmer Optima 3300DV), ICP/MS
(Perkin-Elmer 6000)E& AM&-3l2 BFEF 9 24 &
Aok S5 oo AlekE AA glo] FHsk AR
skt
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0.25 um syringe filter2 3}st F o] & 10 uLE
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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,CO; : NaHCOs (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) 0.5
Neb gas flow (L/min) 0.8
Sample uptake rate (mL/min) 1.5

20 puL Waters AccQ - Fluor ReagentE U 713}
T EEY FAUL, 204 2 7 UAE o
ol 55°CE A% heating blockel] ¥ 10%7+ 7}
Tt FEEAE YA FrEAlslkete] ARE-3t
AL Table 29} 72+-& A0 2 HPLCE AH3-8le] #4
3FATES Column Waters Acc * Tag 3.9X150 mm,
Flow ratex 1.0 mL/min, detector= 337Z7] Ex 250
nm, Em 395 nm, injection volume-> 5 UL, mobile phase
= AEY; Waters AccQ - Tag Eluent A, B&9;
Acetonitrile, C-8-9; @o] 25 AlE-3lo] 141515

lt

2 12 do 4y 2

232 & CHHE
chl A o] SFES Lowry2] WHH 4O 2 Bovine Serum
Albumin (BSA)S X+ W= o] &3t EF A
A& T3} bradford (Bio-RadAhHA] ko &2 thul & 3}
A7 £ 595 nmollA] FEE A 2 FE

Table 2. Operating condition of HPLC

Spray chamber : Impact bead, peltier cooled, 3°C
Nebulizer: Cross-flow nebulizer

Peak jumping acquisition parameters

Points per peak 3

Az

233. o A 2EAM

ol FHE Sol2 B ICE AMEEHH
column- IC-Pak Anion HRE A}-&-3}3L conductivity
detector 432, Flow rate 1 mL/mine] ZZAdA 23}
R Fol29] AL ICP/AESE AHE3I L B4z
AL Table 49} 2t} 94 42 ICP/MSE AHE:
Shal Y4 BAE fsh AAE wHeEs s

A 7}3le] & o] &3} A 7] &= Franck Poitrasson 5 2]

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

LAWY - g

SRR

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

e S8eiRla R EAL Table 53 2Tt 7
Aol §4L cool gas 13.0 L/min, auxiliary gas 0.4 L/
min, nebulizer gas 0.8 L/minS AFE-3l9 o WH 3
FEZZ Rh 2 Tl | ngmLE A FUst 257+
=5 BAY3ATH

3. & & n#
Fig. 2= HPLCE ©|&3lo] & F ofv|=4te] g
Ao o]8H ¥FEF % A5 HPLC chroma-

=
togramo| o}, 1 ¥ FFEAFAS] HEE AT

(retention time, RT)S B W&} F% thH] peak H 2
02 11 g AHESINA A BE ofumAtke] A

S FBAGF)7E 0,995 o] o Fuet AudAE
BATH Tuble 6, Fig. 3).

o Z ofn|i=Ate] S Tuble 73 7] glycine,
threonine, alanine, valine ~Z2] 2L leucine®] =22 3
ol =gtom JRE opr =t ke B2 XolE

A) LU

vap.  Stestard

g8
mm—"mes-m;uma

oo i 1
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40— % i‘g E‘E g«g ‘E_ g‘% -,‘ ;
n gﬁ% 82 T il
poEgEs MHE o
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e
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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 3.305 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 32.214 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

Uehdo] #AF ATt 61 AlFAL] ¢ o2 AR}
ol ¥)3 serine #} glycine®] TF& 7 &= AT} Serine
S cystineZ} methionine®| A& W3} thAtel] A Fe
3L )= ol =4ke 24 DNASQ| purine, pyrimidine
o] A hALe Fo A 28t A=A vl 2
Fof| b EAske orxAte =z 6l AlFAle A5
Sl WA o] F AoE oFET FA A5
Fo| vl HIA)= FEFE FAL Zlolz} o g o
A FAES] 2ojzAtel] tit AF7t @ E oIt &
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Fig. 2. HPLC Chromatogram of amino acid standards (A) and amino acid in sweat sample (B).
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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 0.0 319 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 59 1.6
Glycine 0.0 15.1 6.3 8.2 0.0 18.96 8.7 79 5.2 4.7 6.2
Histidine 0.0 12.0 8.7 6.7 35 1.9 0.0 13.2 0.9 0.6 38
Arginine 0.3 1.1 4.1 0.8 0.5 0.4 0.3 0.6 0.6 2.0 0.7
Threonine 0.0 10.6 5.0 9.2 1.3 26.2 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 49 43
Proline 0.0 5.0 1.2 2.6 0.0 0.0 0.9 0.8 6.1 1.1 1.3
Tyrosine 0.0 35 33 3.8 0.8 2.7 3.9 4.2 2.2 1.8 2.4
Valine 0.0 8.0 2.7 2.4 2.7 5.8 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 59.4 66.4

A= Table 83 70| 46.4~122.0 uL/
mL o|® & 8|7t 7P Btd 49 Al g EHE
: B

ol 2] g Nao] 3078.6914 4815.6 ppm O E
74 =9, K 267.3~823.9 ppmolH, Ca 154
~44.8 ppm O &, Mge 4.13~8.96 ppm S & ZHZEH A
o, &ol29] 7% NO,, Br, PO/ ¢ NO = HE
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A ¢kgkal, Clro]&o] 2167~4072 ppmo 2, Fo|-&
o] 45404 582 ppmOZ AEH AT B4 g ol
# Fol&e] g HRdAM FAAF)7E 0.999 ©]
Aoz Fudt AUAAE HA oW Fig 4= E4
ALe-3 BEEA T} A5 chromatogram®| TH(Table 9,
Table 10).
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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 ?
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

AG Y491 U o|27171A] £4&
o] /Mg =&

A A3 Rb

S YHOR 132-824 ppbs B L, Zn7t

90~1846 ppb, Cu = 7~415 ppb®] F#FE BA oM, 7}

Qlatol= UAUAI T B, Ba, Pbrt HARA 9142 UL
OF AE He ATAE AUk (Table 11).

4.8 =
B A9 AANET DR ol JREAZ of

Table 10. Concentration of cation and anions in sweat

Ak FFol oM E  glycine (4.7-19.0 pL/mL),
threonine (1.3~26.0 uL/mL), alanine (0~13.5 uL/mL),
valine (0~8.0 uL/mL)2] 0 & Egkow ol thok
gt S Aol & AT 4 UUTh Fol29] FEFo|
2014 = Nao] 3078.6~4815.6 ppmlE 73 =& 3
FS WY, Kol 26739014 823.9ppmo| 2w,
Ca (15.4~ 44.7 ppm)3} Mg (4.13~8.96 ppm) S 2 ZA}
HAch SolL9 A$ CI(2167~4073 ppm)9} F-
(454~582 ppm)7t T2 AZHATE F F 4 4
o] 9lolA = Rb(132~824 ppb), Zn (90~1846 ppb)<}
Cu(17~415 ppb)7t =& FFES BHATE Ni(7~300
ppb), B (23~693 ppb), Ba(9.97~63.6 ppb), Pb(1.10~
439.14 ppb) 223 U (0~11.39 ppbys-o] HAZHAt}.
oju] & AT = B AR A EdE
AAZ| T EA et o] WS-t FFE ¥
= % £ AN Z-¢ Europium complex §/43l &
Z :c‘zJJrE et JE3tE fg A& o
]_
A

F

ol

Y= 2 Qlth(Fig. 5).
T3 AAFE g AR Y 24 AEY B
,38H dEge N 2 AR d o

F%N

(opm) Sample No.
m
PP 1 3 4 10 Means
Na 4815.76 4745.65 3078.67 3801.61 4110.42
, 679.30 579.01 267.31 823.9 587.38
Cation
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
ton F 556.6 582.0 454.0 466.8 514.85
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Fig. 5. Comparison of visualized latent fingerprints on ink standard (A), fluorescent powder (B) and europium (III) 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
A 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 022 1.94 0.20 2.18 0.13 0.34 0.61 1.64 0.55 025 0.72
Ni 7 303 7 235 5 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 4.18 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 0.96 278 0.06 0.60
Cd 0.17 8.47 0.10 1.44 0.73 3.37 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 0.42 022 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 6361 3121 3023 381 2823  17.03 3146 1233 9.97 23.98
La 0.02 0.16 0.04 0.75 0.03 0.06 0.44 2.55 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 3.57  439.14 247 2046 1.10 3.64  19.62  94.90 7.90 4.87 19.68
U 10.62 0.10  11.39 0.05 136 0.18 1.84 0.05 0.03 0.00 1.78

oIx 8 7ZAFEZA ] Julyt ZEE X&AQ (KOSEF)2] E4 AT/ EAL] Z 2 13 (M10640010004-

A7t a7E o)A, 06N4001-00410)°l] ]3] 2] A= AF T}
#Atel 2 D28
H ALZE= 20069 % S g n] A 1. T. Hirokawa, H. Okamoto, Y. Gosyo, T. Tsuda and A. R.
A3 Q= 3E7]EFMOST)S Sh=FashA o Timerbaev, Analytica chimica Acta, 581, 83-88 (2007).

Vol. 20, No. 2, 2007



154

2.

Aoy - 494 - 17

S. Naruse, H. I Shiguro, T. Tsuda, Pancreas, 28, 80-85
(2004).

. D. Thieme, P. Anielski, J. Grosse, H. Sachs and R. K.

Mueller, Analytica chimica Acta, 483, 299-306 (2003).

. V. V. Lierde, C. C. Chery, L. Moens and F. Vanhaecke,

Electrophoresis, 26, 1703-1711 (2005).

. C. palacios, K. Wigertz, B. Martin, C. M. Weaver, Nutri-

tion Research, 23, 401-411 (2003).

. P. Mehnert, P. Brode and B. Griefahn, International J.

Industrial Ergonomics, 29, 343-351 (2002).

. T. Verde, R. P. Corey and R. Moore, J. Appl. physiol,

53, 1540-1545 (1982).

. Lee, Ju-Rip, The korean J of physical Education, 42,

809-815 (2003).

. J. Malchaire, B. Kampmann, G .Havenith, P. Mehner-

tend. H. Gebhardt, International Archives of Occup-

AARA -

Ay - g -

11.

12.

13.

14.

15.

R

tional and Environmental Health, 73, 215-220 (2000).
. C. G Worley, S. S. Wilthshire, T. C. Miller, GJ. Havrilla
and V. Majidi, J. of Forensic Sci., 51, 57-63 (2007).
A. 1. Ektessabi, Y. Ota, R. Ishihara, Y. Mizuno and T.
Takeuchi, Nuc Instruments and Methods in physics
Resesrch, 241, 681-684 (2005).
A. 1. Ektessabi, T. Kawakami, R. Ishihara, Y. Mizuno
and T. Takeuchi, J of Electron Spectroscopy and
Related Phenomena 137, 801-804 (2004).
P. Rozan, Y. H.kuo and F .Lambein, J. Agvic. Food.
Chem, 48, 716-723 (2000).
O. H. Lowry, N. J. Rose brough, A. L. Farr and R. J.
Randall, J. Biochem, 193, 265-269 (1951).
F. Poitrassou, J. M. Hanchar and V. Schaltegger, Chem-
ical Geology, 191, 3-24 (2002).
. M. Tiepolo, Chemical Geology, 199, 159-177 (2003).

Analytical Science & Technology



