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Fig. 1 SEM image of sample GBWO08514; (a) single spot
ablation, (b) and (c¢) line scan ablation
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Fig. 2 Variations of analyte signals with time during (a)
single spot and (b) line scanning laser ablation
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Fig. 3 Particle size distribution of the sample GBW07603. (a)
the original plant powder without any treatment, (b)
the ground sample after adding of Indium (In) standard
solution
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Table 1 Limit of detection

Elements 7L B %Na  ®Mg YAl ¥K  2Ca  ¥Cr  SMn  Fe  %ONi  %Cu  In  197Ba

L()D/(‘ug cg ) 0.022 0.012 0.13 0. 036 0. 044 0.15 0.13 0. 070 0.52 0.15 0.0081 0.0021 0.011

Table 2 Analytical results of plant standard reference material

Element GBWO07602 GIEARAL M) sBW07603 GEAAL M)
Certified values Measured values/(pg+ g 1) Certified values Measured values/(pg * g~ 1)
/(ugg ) spot(n=38) line(n=28) /(ugeg D spot(n=38) line(n=28)
Li 2.4+0.4 2.4740.09 2.7240.06 2.640.4 2.6940.1 2.7840.1
B 3447 35.24+1.1 39.140.6 3846 41.8+1.2 43.241.2
Na 11 0001 000 10 408+334 11 1804704 19 6001 800 20 0424922 22 083795
Mg 2 870+180 2 5824116 2 649+32 4 800400 4 491+103 4 479+157
Al 2 140+22 1476456 1522432 2 000300 929-+46 957452
K 8 500500 8 558265 9073109 9 2004100 9 986320 10 1884316
Ca 22 200=£1 300 23 5674990 25 967£623 16 800£1 100 18 5111 148 18 6291 155
Cr 2.37+0.3 2.4540.4 2.9440.5 2.67+0.2 1.6440.5 1.9740.3
Mn 5846 57.141.4 60.4+0.7 61+5 63.341.8 61.9£1.6
Fe 1 020+£67 826+19 880426 1070457 690435 734412
Ni 1.7+0.4 1.71£0. 04 1.89+0.2 1.7+0.3 1.62+0.1 1.71+0.2
Cu 5.240.5 5.5740.1 5.8140.09 6.640.8 6.7340.4 6.96+0.2
Ba 1943 16.743.9 18.3+£3.2 18+2 16.943. 4 17.1£1. 3
Element GBWO07604 (g4 1) GBWO07605 (%)
Certified values Measured values/(ug * g 1) Certified values Measured values/(pg« g 1)
/(ug =g spot(n=8) line(n=28) /(ugeg spot(n=8) line(n=38)
Li 0.8440.15 0.724-+0.06 0.753+0. 07 0. 36 0.33%0. 04 0.3440.03
B 53%5 5542.1 57.9%+1.6 14.240. 2 16. 3+0. 26
Na 200413 195+17 20248.2 4446 46.8740. 8 66.7+5.7
Mg 6 5004500 5 8044250 5853+199 1 7004200 1625+23 1865419
Al 1 0404600 343428 367463 3 000 2 586+21 2 867437
K 13 800700 13 3254600 13 8594513 16 000£1 200 17 2204155 19018%+171
Ca 18 10041 300 18 44841 236 17 900+1 092 4 300400 4 78776 5304+53
Cr 0.5540. 07 0.771£0. 2 1.17+0.5 0.840.03 1.340.08 1.540. 1
Mn 45+4 44.2+4.3 43.1%+1.2 1240470 1154+10 1271£10
Fe 274417 172+7.2 189+17 264415 197+6. 1 217+9.7
Ni 1.94£0.3 1.61£0.1 1.89+0. 1 4.6+0.5 4.6340.2 5.4840. 2
Cu 9.341 8.5640. 3 10. 640. 4 17.3+1.8 15.440.1 16.8+0.1
Ba 2644 24.1%+2.6 25.5%+3.5 5846 59.64+1.4 60. 740.7
Element GBWO08514 (I 2511)
Certified values Measured values/(pg » g~ 1)
/(ugsg D spot(n=8) line(n=28)
Li 22.940.2 23.3%1.1
B 22+1.8 22.5+0.1 24.240.8
Na 1759415 1809+87
Mg 5100200 4 59927 4 683253
Al 963447 934458
K 23 9001 000 23 149208 23 496+1 104
Ca 30 000800 29 024+261 29 47741886
Cr 1.6140. 2 1. 8640. 26
Mn 93.9+3.4 85.2+1.8 84.144.5
Fe 962460 566410 567439
Ni 1.3740.1 1. 4840. 07
Cu 16.4+2. 4 13.440. 2 14£0.6
Ba 57.943.5 59.545.2

Note: Certified values are taken from the certificates of standard substation



3382 i

Jeig o

H31E

R AT K . X AT RBSR H T RE A R R, MR
DERE S BRI S B SRR BRI, L T P N
WAyt RO RE LRl 1 B R E R R KN 5
RRAiONERE R0 Ay N (E WY - = 3 B 7 Ve SO o T L i
J7 IR L MR T L T AR by 2Bt mT R A S A
il T BT
2.2 RESBURIALE X A 8200

o T ARUEI R ] R PRI S M TR R R
FES AR, FRA S ADURL B R BE B AT /N AR AT . FE R A
PIFRIE TR Z AT, FRATTR R AR SR AR HEA T TR R (3
TEIMA BRI TR T i A OR3P R 45 R i 4, (R
TR S AT OGS . X 20 R i P O A s 0
i 183 IR B PO BE 43 BT ASORT AR ol e A i) )
WEEGRLE: ARSI AR 10. 43 BRI N 502, TR
VR AR SO AR 11,13 pm BFSM AR 50 %, X HEIA P
PR R SC ST » FE A IURORL BE A R R B, 146 3 5
AL EREE 7 SARMERE 10 pm 224 IR AR RE Ak B2 4k . 2
XANKLEE BRI R AR AR T R SRR In AR AEVE VR B9 AR
BRI SIRAIENE T, BOREROER IR, NARTTER
In {552 PR (B 2),
2.3 UERHHBR

H4% Longerich F 1996 474 H 94 20 1153 100 15 1) 4%
TR, 71F 3 1. 35T nb(F 548 FUR BRI
O F na QRO T 2 v SR SR BUE B0 ¥ T 100, AT I
et IR T 2 205 K 2 B BRAR R il 75 22
2.4 MEREER

R S RN A PR ik A R S RS (E A
I, 91 2, Brlloc&E i Lis B, Na, Mg, K, Ca, Mn,

References

Ni, Cu, Ba MR (AR AT M HEEIE R Z . L
H % Ba 7E K 5 GBW07602 Fi1 GBW07603 H RSDY 1
20% 7545 » HATRE B I RSDY EAH /N T 10%. AL
Fe JC & MM (E AR 1K . Fe I3 (A b (B 19 60 % ~80%
ALHFRHEME T 30 ~80%; {HM T K IR (H 1Y RSD H A
*, B GBWO07604 K& k0t Al [ RSDE N 17. 2% 4, H
flER/NF 10% . XA ELG AT RS At T B3 A 9 NIST
SRM 610 SNy it 55 48 P b 2 0] 77 A — g SE AR DT fic
. Cr tZ M RSD Il dhi K, M 6. 6% (GBW07605) 3|
40. 6% (GBW07604) , H N E FHEFEE (AT SR i sl
T B 5 A e 31 85 % (GBWO7605) , 33 Al il 2 F TRE A
& Cr & =R (GBWO07605 # 5 A #E 75 {8 2 (0. 8 £ 0. 03)
pg g DI HAATE—E AR SIS A

345

FESE I K 193 nm B0t LA-ICP-MS 44 F, i NIST
SRM 610 BB AL AT LA X FE PR 5 T AL IC 2 04T R A2
IR, AE S RZR A PRy Sk B b, AR AN [
LI ARAFIAT R . M EE T LAY C g AR T 2 18 A ] 3644
FRAED) T ARG 71 NIST SRM 610 B4 % 1 JE
T4 R ZHOT R B i m CREHOTE & A 400~
500 mg + g 1), WA 2 B R IR G R Aok Hk,
B In JTTER A BRI AL, AE8E XA [ T 25 14 4 ) £ i 20k
AT JCTE WU B AR T AR TR S B, 3 — I
LA-ICP-MS {5 45 [] 43 9 3 A 3t 5 Sy A0 B (1 B30 X 4
Mo a5 .

[17] Hamilton M A, Rode P W, Merchant M E, et al. Microchemical Journal, 2008, 88(1): 52.

[ 2] Macedo S M, De Jesus R M, Garcia K S, et al. Talanta, 2009, 80(2): 974.

[3] Oliveira SR, Gomes Neto ] A, Nobrega J A, et al. Spectrochimica Acta Part B: Atomic Spectroscopy, 2010, 65(4): 316.

[ 47 Pick D, Leiterer M, Einax ] W. Microchemical Journal, 2010, 95(2): 315.

[57] LI Yan-xiang, LIANG Ting, TANG Xing, et al(Z=#a 75, 2 ##, % 47, %). Chinese Journal of Analysis Laboratory (43:#1isE6 =) ,

2010, 29(5): 29.

[67] Jarvis KE, Gray A L, Houk R S. Handbook of Inductively Coupled Plasma Mass Spectrometry(H BFHE5 255 T4 % 1), Transla-
ted by YIN Ming, LI Bing(F* B, 2= ¥K, i¥). Beijing: Atomic Energy Press(dt 5t : J&FfEH RAt) . 1997. 1.

[ 77 LUO Yan, HU Sheng-hong, LIU Yong-sheng, et al(%
%), 2001, 11(29): 1345,

. WM, X B, %), Chinese Journal of Analytical Chemistry (43 #1k

[ 871 Becker ] S. International Journal of Mass Spectrometry, 2010, 289(2—3); 65.
[ 97 Gallo] M, Almirall ] R. Forensic Science International, 2009, 190(1—3): 52.

[10] Wu B, Zoriy M, Chen Y, et al. Talanta. 2009, 78(1): 132.

[11] Santos M C, Wagner M, Wu B, et al. Talanta. , 2009, 80(2); 428.

[12] Guillong M, Horn 1, Giither D. Journal of Analytical Atomic Spectrometry, 2003, 18(10): 1224.

[13] HuZC, LiuY S, Gao S, et al. Journal of Analytical Atomic Spectrometry, 2008, 23(9); 1192,

[14] Longerich H P, Jackson S E, Giinther D. Journal of Analytical Atomic Spectrometry, 1996, 11(9); 899.
[15] Pearce N, Perkins W T, Westgate ] A, et al. Geostandards and Geoanalytical Research, 1997, 21(1); 115.



12 1] JeikeE S T 3383

Quantitative Determination of Elements in Plant Samples by Laser
Ablation Inductively Coupled Plasma Mass Spectrometry

WANG Qi, ZHANG Wen, WANG Li-yun, LIU Yong-sheng, HU Sheng-hong, HU Zhao-chu*

State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Wuhan 430074, China

Abstract The 193 nm excimer laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) was used for the
quantification of 13 elements (Li, B, Na, Mg, Al, K, Ca, Cr, Mn, Fe, Ni, Cu and Ba) in the plant samples (GBW070602,
GBW070605 and GBW08514). Indium standard solution with known concentration was mixed into samples and used as an inter-
nal standard. Afterwards the samples were ground again and pressed to disks. NIST SRM 610 glass material reference standard
was used as the external standard in the LA-ICP-MS measurements. In contrast to longer wavelength ablation techniques, in this
experiment a round crater with low deposits could be achieved during ablation. And another study was done on the effect of hom-
ogenization over the powder disk. It was clearly shown that the analytical results under the condition of 193 nm LA-ICP-MS,
using NIST SRM 610 as the external standard for analysis of pressed disk of plant sample, are in good agreement with certified

values.

Keywords  Laser ablation; Inductively coupled plasma mass spectrometry; Plant sample; Pressed powders; Element

determination
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