Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 20, No. 3, 219-226, 2007

QIX|S* - SAE - AR - U2E - USS - WA

(2007. 5. 3. "4~ 2007. 6. 7. S2)

Natural isotopes and trace element analyses in glass samples

Ji-Sook Min*, Sangcheol Heo, Jae-Guin Kim, Eun-ho Kim, Dong-wook Kim and Hee-Sun Chung

National Institute of Scientific Investigation
(Received May 3, 2007, Accepted Jun 7, 2007)

2 ok f7 22 v FAEL Hol(transfer)®] AFEA] WHSE AP A A5 A= SAES] A
Folth, o]5 AlEAM P A4 E4 0] AR AFES AESIT vAl SA=S] FEUE 18
&17] £15to] LA-ICP-MSE ARg-ate] 24k 40 o] Folxith. AA| S| wrt B Al Fol] tiste] o]Fo
RAL ZF A FE= o] FAEE fldte] T [n(n-1)2] (n: A88] ) Aol HlaL EQr}. oW Hye] A
el AlEe] thl iAol gk LA-ICP-MSe] |8 7S HESh= Zolth el A%, 2719 A
Z 34er B 170 A8E FHste] B4 ARSI felolM rlRFda £48 FEF NIST
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W e sto] ole] 2o vl Aok 1171e] 922(209Bi, 90Zr, 121Sb, 178Hf, 59Co, 238U, 208Pb,
140Ce, 118Sn, 49Ti, 137Ba)7} A48 =213 137Ba WHo.2 66719] 713 pairs 5 67015 7 (p<0.05)3}
A Zegl o, 49Tizh 137Bad] F AaE AHEE 49 e AR5 78 7k & A0 Uiyt
(p<0.05). ZEHCZ LAICP-MSel| o]g Theld 42 Wsh Al52] ofF Ao A= 47
#ole} shilc.

Abstract: Glass is frequently encountered as types of materials that are submitted to forensic science laboratories
as a result of trace evidence transfers. The repeatability and the reproducibility of trace element analysis were
presented. An analysis of variance (ANOVA) was performed on laser ablation inductively coupled plasma
spectrometric analyses of the fragments to identify the source. Pairwise comparisons were completed for all
samples. In a pairwise comparison, each sample was compared to each other for a possible [n(n-1)/2] (n :
numbers of the samples) total comparison to associate/discriminate samples using Tukey’s HSD method. The
aim of this study was to determine the utility of LA-ICP-MS for multi-element analysis of forensic samples.
The 12 glass fragments from two manufacturers were collected and analyzed to identify the source. An analysis
of variance (ANOVA) was performed on 31 elements in NIST 612 Trace elements in Glass. Elements were
classified into four categories defined by the combination of precision and variation of inter-samples. We selected
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11 elements, 209Bi, 90Zr, 121Sb, 178Hf, 59Co, 238U, 208Pb, 140Ce, 118Sn, 49Ti and 137Ba. 6 pairs out
of 66 possible pairs were not distinguished when compared by 137Ba (p<0.05). However, all samples were
distinguished using both 49Ti and 137Ba (p<0.05). In conclusion, multi-elemental analysis with LA-ICP-MS

is a potential tecnique for the discrimination of forensic samples.
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o, dFEaF) AFLZE FW 3mm(HT3),
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A4 AU EE LAIICP-MSE AFE-3H = New
Wave Research UP 213 nm Nd YAG laser®} Thermo
X Series ICP-MS©] ™, ©]& Xi interface, 1.5mm ID
injector tube standard quartz torch, PlasmaScreen Plus
optionZ} Laser Ablation system<] ablation chamber&
%33l A F 2 additional mass flow controllerS X
sk Sl

A 2R FERES FAE A sdon
LA-ICP-MS System®] Tuning and Optimising-= NIST
612 glassE AMg-3te] AAISIHA L 272 Table 19
ERET R

FEAEES fully quantitative multi-element analysis
o ©]3}e] gas blanks} 15 H F2 EFEF<QA NIST
612 certified glass standard<} '%"771] Tables 2] Z719]
A A = A

L3 A|BEES 27Al 39K, 44Ca, 49Ti, 55Mn,
56Fe, 59Co, 85Rb, 88Sr, 90Zr, 118Sn, 120Sn, 121Sb,
137Ba, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu,
157Gd, 162Dy, 165Ho, 166Er, 178Hf, 205TI, 208Pb,
209Bi, 232The} 238U2] Y4Eof th3le] Plasma Lab
“‘Peak Jump’ data acquisition modeZ ¥4 F Tt 1
21} 90Zr, 118Sn, 120Sn, 121Sb, 141Pr, 165Ho,
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Table 1. LA-ICP-MS tuning condition using NIST 612

Laser parameters

Ablation mode Aperture imaged

Laser patten Line raster
Spot size 120 pm
Frequency 20 Hz
Output 100%

Scan Speed 5 pum/second
X Series plasma conditions

RF Power 1400W
Nebulizer Gas Flow 0.75 L/min
Auxiliary Gas Flow 0.8 L/min
Cool Gas Flow 13.0 L/min
Additional Gas 450 mL/min

(He via laser ablation sample sell)

Plasmalab data acquisition parameters

.. Laser Continuous
Data acquisition mode

Mode
Analyte dwell times 20 ms
'Peak Jump' time per main run 60 seconds
Number of main runs per sample 5

Table 2. LA-ICP-MS parameters for samples and reference
material (NIST 612)

Laser parameters

Ablation mode Aperture imaged

Laser patten Line raster
Spot size 160 um
Frequency 10Hz

Output 100%

Scan Speed 10 um/second

X Series plasma conditions

RF Power 1400W
Nebulizer Gas Flow 0.75 L/min
Auxiliary Gas Flow 0.8 L/min
Cool Gas Flow 13.0 L/min
Additional Gas 450 mL/min

(He via laser ablation sample sell)

Plasmalab data acquisition parameters

Laser Continuous
Mode

20 ms

28 seconds(optional)

Data acquisition mode

Analyte dwell times
Survey Scan time
'Peak Jump' time per main run 60 seconds

Number of main runs per sample 3

178Hf, 209Bi 72 ¥4
o ozxd FxUF g7 o

il
rlo
Z

IST 612 glass standard
o fully quantitative
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Table 3. NIST 612 Glass Standard data
RUN 11B 47Ti 55Mn 65Cu 85Rb 138Ba 139La 153Eu 238U
1 73358 17630 430765 58375 413068 867515 692066 776155 3183792
2 70722 18955 452484 60749 431444 910576 745943 836864 3335206
3 66923 18513 436366 57645 407408 919762 741220 829315 3197567
4 65227 18642 438471 57376 405059 934893 756706 846823 3191186
5 66629 18394 432719 56717 396540 896819 754026 840713 3157729
mean 68572 18427 438161 58712 410704 905913 737992 825974 3213096
RSD(%) 4.9 2.7 2 2.7 3.2 2.8 3.6 35 2.2
Table 4. Gas Blank data
RUN 11B 47Ti 55Mn 65Cu 85Rb 138Ba 139La 153Eu 238U
1 1098 1051 775 472 75 20 18 3 0
2 1113 1067 726 516 74 24 22 5 0
3 1103 1037 705 496 67 29 17 7 1
4 1126 1052 744 494 76 31 19 10 0
5 1108 1071 756 487 71 24 25 5 0
mean 1110 1056 741 493 73 26 20 6 0
RSD(%) 1 1.3 3.7 32 4.7 17.1 16.5 44.8 223.6
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Table 5. Elemental contents of 12 glass samples (ug/g)
KG5 HGS HT3 HMS5 HT6 HTS KT5 HBS HS3 HGS HM3 HTS
27A1 3553.0 3974.6 33335 3158.2 3340.2 3240.6 36243 2810.8 4403.2 2977.1 36683 4907.1
39K 1401.0 25789 10954 1157.0 17399 22372 19559 1543.6 17448 17158 1196.8 3404.6
44Ca 44660 47600 43548 45582 39175 36719 41540 33816 66499 32601 52978 58593
49Ti 1647 1089 364.2 824 164.1 127.5  132.0 813 1054 80.9 80.0  189.8
55Mn 38.9 13.4 73.3 23.0 233 29.3 31.4 12.9 44.5 15.8 32.0 52.1
56Fe 2048.0 2275.6 408.0 4034 4575 506.6 3979 1661.5 5302 1361.1 3938 6313
59Co 3.7 22 0.00 0.00 0.00 0.00 0.00 22.1 0.00 0.8 0.00 0.06
85Rb 5.3 7.1 4.6 2.9 5.0 7.3 5.4 4.4 5.5 49 4.1 9.3
88Sr 329 46.7 28.9 31.8 38.8 28.8 38.7 28.2 42.2 29.6 33.2 57.3
90Zr 35.2 13.8 314 60.8 16.7 12.8 19.6 19.9 59.3 11.0 54.0 26.9
118Sn 188.7 6320.8 3175.2 13.0 36113 2781.2 2858.9 68.5 11.4 41948 8.6 54.8
120Sn 187.5 63102 3157.8 12.9 35825 27752 2838.7 823 11.5 41822 8.6 553
121Sb 1.0 0.5 0.4 0.7 0.4 0.4 0.3 0.1 0.5 0.2 0.4 0.3
137Ba 40.1 1299 43.0 16.9 88.8 85.9 97.4 71.2 47.5 80.9 534 1431
139La 3.6 1.0 2.6 24 13 1.2 14 1.2 34 1.2 2.8 1.9
140Ce 5.6 1.5 4.0 3.6 2.3 1.8 2.2 1.8 5.6 1.7 4.0 3.4
141Pr 0.9 0.3 0.7 0.6 0.4 0.3 0.4 0.3 0.9 0.3 0.7 0.6
146Nd 2.7 0.8 22 1.8 1.1 0.9 1.3 0.9 2.9 0.9 2.3 1.7
147Sm 0.5 0.2 0.4 0.4 0.2 0.2 0.3 0.2 0.6 0.2 0.5 0.4
153Eu 0.10 0.05 0.09 0.07 0.06 0.08 0.06 0.04 0.1 0.04 0.09 0.09
157Gd 0.4 0.1 0.4 0.3 0.2 0.2 0.2 0.2 0.5 0.2 0.4 0.3
162Dy 0.3 0.1 04 0.3 0.2 0.2 0.2 0.2 0.4 0.2 0.4 0.3
165Ho 0.1 0.03 0.09 0.06 0.05 0.05 0.05 0.05 0.09 0.04 0.08 0.07
166Er 0.22 0.09 0.29 0.2 0.2 0.1 0.2 0.2 0.3 0.1 0.2 0.2
178Hf 1.4 0.6 1.2 2.2 0.7 0.5 0.8 0.8 2.2 0.5 2.1 1.1
205TI 0.02 0.02 0.02 0.01 0.01 0.05 0.01 0.00 0.02 0.02 0.01 0.01
208Pb 0.5 0.6 1.2 1.7 0.7 1.0 0.7 0.4 2.6 0.3 1.9 1.3
208Bi 0.02 0.01 0.02 0.03 0.01 0.05 0.01 0.00 0.03 0.01 0.02 0.01
232Th 1.6 0.8 0.9 0.8 0.4 1.9 0.5 0.5 1.1 0.7 0.9 0.6
238U 0.2 0.1 0.3 0.5 0.2 0.2 0.2 0.2 0.8 0.1 0.5 0.
Table 6. Intra & inter precision data of 12 glass samples
Sample RSDo(/intra) RSDO(/inter) Sample RSDO(/(l)ntra) RSD%nter)
27Al1 43 17 141Pr 3.4 45
39K 22 37 146Nd 33 45
44Ca 3.6 22 147Sm 34 43
49Ti 3.6 57 153Eu 3.2 31
55Mn 12.3 54 157Gd 3.9 41
56Fe 9.4 77 162Dy 3.4 35
59Co 2.8 263 165Ho 3.7 33
85Rb 1.9 31 166Er 3.5 33
88Sr 4.7 24 178Hf 3.6 58
90Zr 3.5 61 205Ti 6.1 74
118Sn 1.8 111 208Pb 1.0 65
120Sn 8.0 111 209Bi 0.7 74
121Sb 3.6 54 232Th 221 52
137Ba 3.0 50 238U 1.5 67
140Ce 2.7 50

*RSD(intra) stands for the relative standard deviation(rsd) of 4 replicate measurements and RSD(inter) for rsd of the elemental content
average of 12 glass samples.
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Table 7. Classification of elemental concentration measurements into intra-and inter-precision categories

Inter precision

intra precision (NIST 612 glass standard)

(12 glass sample)

RSD < 4%

RSD > 4%

49Ti, 59Co, 90Zr, 118Sn,

55Mn, 56Fe, 120Sn

RSD > 50% 121Sb, 137Ba, 140Ce, .
178Hf, 208Pb, 209Bi, 238U 20T, 232Th
39K,44Ca, 85Rb
141Pr, 146Nd, 147Sm
0, E) )
RSD < 50% 153Ey, 157Gd, 162Dy 27Al, 88Sr, 139La
165Ho, 166Er
012380
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S 20% I ‘ ooz
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Fig. 1. Comparison between 4 replicate measurements of 3 different glasses.
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Fig. 2. Element-ratio plots for comparison of the individual glasses.
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Table 8. Relative discrimination capabilities determined by pair-wise comparison of 12 glass samples (66 comparison) using

Tukey's HSD test

Distinouished pairs Discriminating Cumulative Cumulative Discriminating
g p power % distinguished pairs power %
209Bi 24 36 24 36
90Zr 34 52 42 64
121Sb 35 53 52 79
178Hf 35 53 53 80
59Co 38 58 59 89
238U 39 59 62 94
208Pb 43 65 64 97
140Ce 44 67 64 97
118Sn 50 76 66 100
49Ti 51 77 66 100
137Ba 60 91 66 100
Total 66 100 66 100
160 K
5
E 140 IE HG5
o)
8120 AHT3
g B HM5
'g 100 1] § O HT6
ER g O HT8
© - O KT5
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NIST612
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Fig. 3. Element-ratio plots for comparison of the individual glasses.
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