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Table 1 Analytical masses and standard concentrations
(ng/ml) A~G for NIES No.7 tea leves

Element Mass Standard Solution_
(amu) concentration

Na 23 A 10
Mg 25 B 1000
Al 27 C 500
Ca 43 D 2000
Cr 53 E 0.1
Mn 55 E 500
Co 59 F 0.1
Ni 61 F 5
Cu 63 F 5
Zn 66 F 20
Sr 88 F 3
Cd 111 F 0.02
Sb 121 F 0.01
Cs 133 F 0.02
Ba 137 G 5
Pb 208 G 0.5

L 720 KEHE A M3 TR IR 1 A L, 000 ppmit e 75 (B L) 2 AR L CFR%EL 72 (Table
Do, 20, TERETEICERL, AR BEBERELBETEES YL 1OICHEESEHN
SEFRRNER (BABILY) #0.1N &% b k) ciiml 72, REEREGEI293, NIES ([H
SLERIEAFZEAT) No TAELA M L 72, Z83EII85°C, 4RFMELEL, #D®% )V AXNT o7
— 7= T30TRIu EEL ERE E L THW 2,
2) B A

FUALEES 19193 B L > v HaEa e (ZFRY) (Fig. 1) 2 AV 7B TIT- 72,
SRl HESBRIERME2 m%E 77 0> PFAZEE (Tml) iz Af, REZREECIES L7
%, 770 PFABREZEHAL:, 20T 7vPFAERZKImIZRMLT 708
BwNAN, fEOMHTHL > F 2R THEOREHEHAL 2, EFL v 22 RETL20,
ST Ty 7FER)RIAN, KEMAET LV >~ (Natiomal EF L > P NE-A40
WD 600W) TR L 72, REOET LV > Ui L 2ROl #kE(0.05~0.1g) &47
RS (10~20%0) #2252 TR L 72, BFL > VI & 2EEMB%, —20°C T30 RIAHEIL,
£BS0mlz A 2T v 7 L1z, FO®RAH(BHESHE No.5A) THBEIT- 72,
3) KE RO &M

BIALER % 47 - 72 BB AT R DR BFTHE (L, Table 2127 T & TICP-MS (£ 4 2—&EF
THSPQ-6500) % Hiv, HIHRICHE K & BRI 2 SRS & ) BISEL 72,
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Fig. 1 Vessel for microwave digestion a: polypropylene outer vessel, b: teflon vessel
(23ml), c: teflon PFA vessel, d: sample and nitric acid, e: pure water

Table 2 ICP-MS operating conditions

Inductively coupled plasma RF-power :©1.2Kw

Plasma gas flow-rate 2 15.3 ¢/min
Aux gas flow-rate 2 16.2 £/min
Carrier gas flow-rate :0.38 £/min
Sampling depth © 12 mm
Mass spectrometer pressure 1 4X10" 8 torr
Accumulation . 50 times
Channel width 3 channel
Repetition .1 time
Dwell time © 50 ms

BRRUER

Table 3i%, EfI&NH 5Mg, Cr, Ni, Zn, Balc DWW Tt EREDEE X IT- k5%
ZRL 7z, Mgld g &24 5 )25, CrizofrEd&E524 )53, NildF4HE&ES58L V61, Zn
IDIEE64L D66, Bald i EE138L N 1370 H 4% M FHUREHEIZ R - 72726, L
gInoogthEaE Toth217- 72,
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Table 4/, BERB PR TRBEICRIITEFL » ol gan 842 RL 72,
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Table 3 Effect of analytical mass of isotope on determined
concentrations (uzg/g)

Element Mass Determingd Certifieq
(amu) concentration concentration
Mg* 24 0.225 0.153+0.006
25 0.154
Cr 52 0.26 0.15**
53 0.13
Ni 58 7.5 6.5+0.3
61 6.9
Zn 64 28 33+£3
66 33
Ba 138 5.2 5.7**
137 5.7

*Percent, **Noncertified-concentration

Table 4 Effect of digested weight on trace element concentration (ug/g) in
NIES No.7 tea leaves

Mass Digested weight (g) Certified
Element (arhu) 0.05 0.1 0.2 0.3 Concentration
Na 23 16.7 18.0 6.1 4.0 15.5*+1.5
Mg* 25 0.156 0.154 0.154 0.134 0.153%0.006
Al 27 1028 869 787 659 775120
Ca* 43 0.173 0.155 0.149 0.144 0.320x0.012
Cr 53 0.46 0.18 0.18 0.12 0.15**
Mn 55 968 889 787 685 70025
Co 59 0.14 0.12 0.10 0.09 0.12**
Ni 61 8.6 6.9 6.4 6.0 6.5+0.3
Cu 63 4. 3.8 3.1 3.0 7.0£0.3
Zn 66 30 33 25 26 33+3
Sr 88 3.4 3.6 3.3 3.1 3.7**
Cd 111 0.034 0.022 0.022 0.022 0.030£0.003
Sb 121 0.014 0.015 0.007 0.006 0.014**
Cs 133 0.027 0.023 0.020 0.020 0.022**
Ba 137 5.3 5,7 4.0 3.6 5.7**
Pb 208 0.80 0.81 0.40 0.38 0.80%0.03

*Concentration in percent, *Reference concentrations, Samples (0.05~0.3 g) in
Teflon PFA vessel (7 ml) were digested by microwave acid digestion (20 s)

AKH0.05~0.3 g% EF L > 2 T0MRHIBILE %217\, ICP-MSTH#IE L 72, iR,

L EBETH 5CanfribfEi30.320£0.012% TH D, AREA0.05 gnH%4E, HIEMEIT
0.173% & &~ 72, &BES0.1, 0.2, 0.3 g054, BIEMEIZ £ £1410.155, 0.149, 0.144
%EL-T, HBETHAET H2TEDEREIZICP-MSTIZ##L <, o5tk (ICP-AES,
AF> 702 7774 —%E)THET L H0RWEBbI G, BRI, RiLE, 2
FEED TR E N2 TCHEON, T L IKIEE TH 5SbHHHEHI20.014 ug/gThH D, HKEEH0.05
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gOHEA, BIEMEIZ0.014 pg/g & 7 - 72, #WFHE0.1, 0.2, 0.3gD¥4, HI%EEIL, T1L
#10.015, 0.007, 0.006 ug/gk % - 72,

RAER B EE L 100% & L 72 & 20 ICP-MSoO#IEE 2 EI# & L T Fig. 2, Fig.
31z L7, Ca, Cu, Cdx< 12 A S nm#id, RER0.1gnBA, EUEEIZ100% B
B o1, RER0.05 gNHA, HLDTTENMEULEIZIT S Dz, ZoBHIE, WEa



144 IR - EERBEE - TS - KPR @ PSR - B & B OEKR

Table 5 Isotope abundance of Ca and interfering ions

Mass Abundance (%) Interfering ions

39.963 97.0 Ar K MgO

41.959 0.6 Sr+* MgO ArH,

42.959 0.1 Sr**+ AlO

43.955 2.1 Srt* Y** SiO CO;,

45.954 0.0 Ti Zi** Nb** SiO NO, SN

47.952 0.2 Ti Zrt* SO SN

1.5
Cu 62.93 amu
a -
a |
(3]
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Fig. 4 Calibration curve of Cu

DL, BB L RIBROBESR, 2720 - E 2 bbb, REE0.2gLlETIE, 13X

A EDTCHE TRINFIZI0%B LT & -7z, ZHUIT 72> PFARBROBFENTmIE L&
T, BTV IIck pBaBPICRESED LNEWMIEE L1220 EZ L, FOM
MR E0.3g THHETH - 72, EORKIEX & L Cak Cun A RIEE & K& BN 72 fE
L7z, TablebizCadRIfiRIEE T A + v 2R 72, RERTHEIZEL 72Cangir
HEI343THN, ZOHERIF, AIOXSr*:—3KL, 2nbsnFTEHEiEzsNL, LiL,

HamEA3DFKIRDCan FIIAREIZ0.1% TH % 726, ICP-MSIc & 2 HIEBRAEIKRE L
SlhrEEZ LNE, £72, Culc DWW TR, ICP-MSEEBENY > 7)) > 7 a—r k 2¥<w—2

— > DERFHPCUTTETNEDY, Ny 7772 Fr@El i (Fig. 4), #MANCun
A F 2 5REEIET70,000(cps) & % > 72, T D2, REBRFEE TIICUNEED L WRIEIZ AT
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Tablle 6 Effect of digestion time on trace element concentrations {(zg/g) in NIES No.7 tea

leaves
Elment Mass Digestion time (s) Certifie(j
(amu) 10 20 30 60 120 concentrations

Na 23 9.8 18.0 14.3 12.3 10.9 15.5+1.5
Mg* 25 0.154 0.154 0.155 0.157 0.152 0.153+0.006
Al 27 893 869 871 903 900 775120
Ca* 43 0.161 0.155 0.153 0.156 0.153 0.320+0.012
Cr 53 0.18 0.18 0.30 0.20 0.15 0.15**
Mn 55 883 889 885 890 887 70025
Co 59 0.12 0.12 0.12 0.12 0.12 0.12**
Ni 61 6.7 6.9 6.4 6.5 5.8 6.5+0.3
Cu 63 3.5 3.8 3.3 5.4 2.8 7.0%£0.3
Zn 66 26 33 34 39 35 33+3
Sr 38 3.3 3.6 3.3 3.2 3.0 3.7%*
Cd 111 0.025 0.022 0.031 0.024 0.025 0.030%0.003
Sb 121 0.042 0.015 0.016 0.014 0.012 0.014**
Cs 133 0.023 0.022 0.021 0.020 0.017 0.022**
Ba 137 5.3 5.7 5.5 4.7 4.7 5.7**
Pb 208 0.78 0.81 0.76 0.61 0.54 0.80+0.03

*Concentration in percent, **Reference concentrations, Samples (0.1g) in Teflon PFA vessel
(7ml) were digested by microwave acid digestion (10~120s)

HETH 20, NiZ 3Pty > 7)) > 7a—> b 2x~w—a—> % Huiug, CunillElz
RETHEEFEZLND
2) BV v RO E

Table 6/3, fFH#EAE P ORPITHIBEICRIZTTETFL > D0 & 20RO E LR
72, BKH.1gxEFL > P10~ 120K T 2 1TV, ICP-MSTHISE L 72, Bk,
L EBETH2CanfRAMAEIZ0.32010.012% TH 1), DEERI10OM DA, BIE#IZ0.161
% & %oz, SrRERERE20, 30, 60, 12080354, HIEEIX Z 1L F410.155, 0.153, 0.156,
0.153% & ¢ - 72, 1R#ERKD, RALE, SEEORENLTRON, HLIKEETH 5Sb
NDEFEIZ0.014 ug/gTH D, SWHEEHIOM DA, BIEMHIZ0.042 ug/g L 7 - 72, iR
FFRi20, 30, 60, 1208354, HIEMEIXZ121410.015, 0.016, 0.014, 0.012 ug/g& 7%
> 72,

REAHMER S HEEOEZ100% & L 72 & = ICP-MSO#IsEE % [mYL# & | T Fig. 5,
Fig. 6i27/rL 72, Na, Ca, Cr, Cu%® < tH#iz, R0 ~6080 TRIALE L 72354,
BRI 100%Fit4 & 7 - 720 Lo L %ed™ s, S MREERII0R TR A2 I B i i L 52
EIZRTETE T Zw otz 72, R0V L ETIZETFL > 22 & 285
TEEE L D NEYYyEE L 72, Z0oBETL > DIz L ARSI, 20~300 R
BThHhbEHEZ L5,
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Fig. 6 Effect of digestion time on recovery
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Determination of trace elements in environmental
sample by ICP-MS
(2) Analysis of trace elements in biological reference
materials (NIES tea leaves) using ICP-MS

Jun NAoHARA, Akihiko SATOU, Naoyoshi KawAsaKI, Satoshi OONISHI,
Eiji YaMmasHITA, Takeshi IsHi and Yoshitsugu SHIGE

Environmental Resources Research Center,
Okayama University of Science,
Ridai-chou 1-1, Okayama 700
(Received September 30, 1993)

Fast and efficient sample digestion is achieved by a microwave-nitric acid proce-
dure. The ICP-MS analysis is performed with single standard calibration. The
optimum condition of microwave digestion is determined. Dried samples of 0.1 g were
digested into the Teflon cup of high-pressure microwave acid-digestion bomb for 20-
30 seconds. For all elements except Ca and Cu, good agreement exists between ICP
-MS and certified values.



