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25> THW7z, NIST 1643c i3, 24CHEDIRALE & 4 TRDZEE L EH T2 5, NIST
1643c DRE I, TR & Z O FH % MK TL0R K 10051 AR L 7288 % Av 72, NRC
SLRS-2 13, 21GHDIRILEZ E&H T 5, NRCSLRS-2 millsEgizi, FR & DK%
MK TLOREAIRL 728k 2 72,

FE# I, NIST 1643c #lER & NRC SLRS-2 #ilEH 2 FE % H% L 72, NIST
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Table 1 Analytical masses and standard con- Table 2 Analytical masses and standard con-
centrations (ng/ml) A-K for NIST centrations (ng/ml) A-J for NRC
1643c SLRS-2

Element Mass Standard Solution Element Mass Standard Solution
(amu) Concentrations (amu) Concentrations
Li 7 A 20 Na* 23 B 2
Be 9 A 30 Mg* 25 C 1.7
B 11 A 150 Al 27 D 100
Na* 23 D 13 K* 39 E 0.8
Mg* 25 E 10 Ca* 43 F 6
Al 27 F 150 \% 51 A 0.3
K 39 G 2300 Cr 53 A 0.5
Ca* 43 H 40 Mn 55 A 10
A% 51 A 35 Fe 57 G 150
Cr 53 A 20 Co 59 A 0.07
Mn 55 A 40 Ni 6l A 1
Fe 57 1 120 Cu 63 A 3
Co 59 A 25 Zn 66 A 3.5
Ni 61 A 70 As 75 H 1
Cu 63 A 25 Sr 88 A 30
Zn 66 A 80 Mo 95 A 0.2
As 75 J 100 Cd 111 I 0.03
Se 77 K 15 Sb 125 A 0.3
Rb 85 A 15 Ba 137 A 15
Sr 88 A 300 Pb 208 A 0.15
Mo 95 A 120 18] 209 J 0.05
Ag 109 A 3 * Concentrations in gg/ml
Cd 111 B 15
Te 125 C 3
Ba 137 A 50
Tl 205 A 10 Table 3 ICP-MS operating conditions
I];? zgg 2 411(; Inductively coupled plasma RF-power 1.2 Kw
Plasma gas flow-rate 15.3 1/min
* Concentrations in ug/ml Aux gas flow-rate 16.2 1/min
Carrier gas flow-rate 0.38 1/min
Sampling depth 12 mm
N SN 5 x10-¢
1643c HE RN EHORE & Table 1, NRC o> spectrometer pressare e
SLRS-2 %€ FtE# S 8 % Table 2 1251 Chanr%e.l width 3 c'hannel
Repetition 1 time
L7z REHE SR DB L, NIST 1643c &£ NRC  Dwell time 50 ms

SLRS-2 TED b NIRIHER SZEME L
L TENFROTET, EFBREA1000 ppm Z#HER BFR LY # /R TREL
72o FoREAEVAWEIR, EEBABEFBOTGEM TOTEI LWL IN—T7FFL, =Y
7 ZFTFEICOWTIZEIR - L7, EAEBREIINR P EREEPOMRBEN.1IM X5
Eolcmml, Eiibl CmHEeiEic Lz, B L 28R TT 1M AEER T24RE &
ML, KEK, 44> THREFXFL 2K, MAKTERENLBEERL 721,
2) % i

SHrEEEIx ICP-MS (SPQ 6500 £ 4 a2—&FI¥) %Az, ICP-MS otr&itid,
Table 3iz/RL 72,
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3) W E W

ICP-MS iz & 2WITEIX, 77 XeW55E L % 4055 LI AT - 7219, ICP-MS i< & 5%
Arid, K ERBEEMIC & 5 2 SREREE AWz, WEDRKIC, BEERL HEIEL,
DR RIRHIE 247 - 721012, IR 3 AT, F 6 D& 28 REAE L L TR L 72, #EIT
K, RUEHER, 5B, REHRERDIAICAT - 72,

BRRUER
1) KEE#RK NIST 1643c

NIST 1643c DERALER NSEE & R & AK TLORFICAIR L 72 8ol EE % Table
41" L7z, W Li (- E ©209) F T NIST 1643c TREEE L L TH 2 sz

Table 4 Mean element concentrations (ng/ml £ &) of undiluted samples and diluted (1+9) samples
in NIST 1643c compared with certified concentrations (ng/ml! + 26)

Determined concentrations

Element Mass Certifed
(amu) Undiluted Diluted (1+9) concentrations
samples samples

Li 7 14.8 £ 0.6** 14.4 +0.6 16.5+ 1.0
Be 9 17.4+ 1.1 23.1+1.3 23.2+2.2
B 11 91.8£5.3 82.1 £ 23.2 119.0 = 1.4
Na* 23 13.61 £ 0.20 13.18 + 0.08 12.19 + 0.36
Mg* 25 10.31 £ 0.10 9.57 +0.29 9.45 + 0.27
Al 27 127.4 £ 1.2 112.5 = 3.0 114.6 £ 5.1
K 39 2405+ 5 2586 * 44 2300%**

Ca* 43 38.2 0.7 - 40.0x0.4 36.8 £ 1.4
A% 51 35.9 0.7 33.7%£ 0.5 31.4£2.8
Cr 53 23.7+0.4 20,3 +0.4 19.0 £ 0.6
Mn 55 43.1+ 0.8 38.0£0.4 3b.1+£2.2
Fe 57 421.6 £ 10.5 332.1 £ 3.6 106.9 = 3.0
Co 59 28.0£0.3 25.3x0.1 23.5+0.8
Ni 61 80.2 £ 0.7 73.0+0.8 60.6 = 7.3
Cu 63 21.0x£0.1 20.5+ 1.5 22.3+2.8
Zn 66 68.5 1.0 80.4 £ 1.4 73.9+0.9
As 75 87.8 1.4 87.9 2.6 82.1+1.2
Se 77 14.1+0.3 16.4 £ 0.1 12.7 + 0.7
Rb 85 14.0 £ 0.1 12.7 £ 0.1 11.4 =+ 0.2
Sr 88 325.2 £5.2 282.4 1.5 263.6 £ 2.6
Mo 95 1274+ 1.1 104.9 £ 1.0 104.3 + 1.9
Ag 109 2.77 £0.03 4.14 +0.11 2.21+£0.30
Cd 111 13.9 £ 0.3 24.3+£2.3 12.2+1.0
Te 125 2.3+0.1 2.5+£0.2 2.7***

Ba 137 58.8 = 0.5 55.6 £ 1.2 49.6 + 3.1
Tl 205 9.8+0.1 9.2+0.2 7.9%**

Pb 208 39.4 £ 0.8 35.5%£0.2 35.3£0.9
Bi 209 150 141 12***

*Concentrations in yg/ml, **precision expressed as the standard deviation (n=3),
***Noncertified concentrations
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247K L BEHD 3 TTHKIZDOWTIT- 72, ICP-MS »ifll=E{#ElZ, Na, K, Ca, V, Cr, Mn,
Co, Ni, As, Se, Rb, Sr, Ag, Cd, Ba, Tl Bi T, {FaHliz 3= EEL ) LEWE
Lk o7z, #iZ, Fe (OHTERE ©57) 13, FM LMK TIOMICHRL 723kl EE DS,
WL RIEED 3 LI Ll & e - 72,

Fig. 1 I3RFHEHED & 11722476FKI2 DWW T, NIST 1643c DRIEE &, JRHK & HiKT
LOfFIC AR L 2R ORIEME % B L 72, ZOFER, HRIC L) REHEICE D TR &R
BT ) HFRAMEICIE W TTRICHIET 5 2 LA TE 2, HHIC & 0 RAEHEICE D W 72 T6H%
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Fig. 1 Mean element concentrations (ng/ml *+ &) in NIST 1643c compared with certified concentra-
tions (ng/ml * 26), U=concentrations of undiluted samples; D=concentrations of diluted
(1+9) samples; C=certified concentrations , *concentrations in gg/ml + ¢
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72, BHENIT O HREHMEIC RV ITGEIE, Li, Ca, Zn, Se, Ag, Cd T& - 72, Mn (45>
& 55 1, {REHME35.1+2.2 ng/ml TH 5755, FEOHPEMIZ43.1£0.8 ng/ml
CARRHEL D L ECEE o 720 F DR E MK TLORE IS AR L 72508 T1338.0+£0.4 ng/
ml ¥ PRAEEICIEVE & - 72, ARk Co (iTE = 1 9) 13, RALfEA™23.5+0.8 ng/ml
THEBDOBEMA28.0+0.3 ng/ml ERFEE L D L EWEE % - 7225, MK TLRFICHAR
L 72380 T1325.340.1 ng/ml & fRAEEIC D72, Mo (ST & & 95) b RAEEA104.3+
1.9 ng/ml TEBEDRIEMAT127.4+1.1 ng/ml LRIHMEL D L2 %) MW s % - 7205,
FiAK TLOEICARL THIET 5 £104.9+1.0 ng/ml & RFHEIZ T D 72, REAFEICID W
72HHiE, Na, Mg, K, CaZn= b ) 7ALRICLD2TFHEARZILVILHETHHKD
Bt HEL Tno b THD, Kid 2 ug/ml Libkd 255, Mnix KO »A~<7 }
NTHL2ZTEOBELI D LEC k-2 EF 2 LN, FREMATIORICART 52 LT,
27 P NT BRI T ERAHEIC T DWWz EFEZ bith, Co LELHE=REIC Ca D
ALY L T B DT, CaO D A7 P LT E2ZITEOREL D LG Lo 2d,
A TLIMEIZAHERT 2 2 & T, A7 F LT HHER T ERIALMEICIE DWW &2 L5,
Ridout &'?|3#FFIZ#AKLTH 5 0 7 27— B OEBITH (1670%) 12D\, ICP-MS
THIZE LG L T 5, B ARER & IR FH & MUK TR I AR L 2238z > T

2 AR ERECHMBEZIT2-> T80, FRicL) <) 7 28R OBEKEH T HE
TholzZ bid, KREBOKEL L2, 72, #ic Ag (9FE= 109 1E, &
SFEEA2.21+0.30 ng/ml Th 2%, FEOBIEMHIZ2.77+0.03 ng/ml & LRALMEIZEVE
Ll otz, FOFMEMAKTIOEICAHRL 2808 Tl3, 4.1420.11 ng/ml &fRFEE LD &
DN EEE % o 72, BT ) DREEFEICIVEIERIE, B E UK TI0R IS ARL T
HET 32 & T, MEEIBREBFAHETH - 7272012, BIEMEDIE S DD TR W
»EEZLND,

NIST 1643c DRI K NBEAE & #Kk TL00f5Ic AR L 225kt HlEE% Table 5 (2
L7z, MEMIZV, Fe, As, Pb %\, MK & AKTIORFICARL 258HZ T,
By SN E - 72, ZOHEAR, FREZ100M5CHRL THET 52 & T, #lE
EOBEFETEIOBRUBFHETH > 22d b EZ LN b, Fe (g R (57 1%, K
A FKTL00REIC AR B 2 & THRAEEIC & DDz, Fe 3R LohEEIC, <Y
7 2TCETHE K OBt E 7T X272 Th b Ar OKEILHHIEFEL TWBHNDT,
KO & ArOH » 27 LT 2ZTENBELINLE k-2 %&2 6505, KO »
27 P NFEBIE, BB EMAKTHRYT 52 & CRBETE 25, ArOH O F8BI3HRT 5
ZETIRERTE 2w T, Fe 3% MK TL00MEIC AR L 72508 THIRIEED 2 LU
roEE o EZ LB, Se (GHTER 7T E, FREBNIT ) HRALEISIED - 72,
Se 12 % K TLOfEICARL CTHIET 52 & T, WEMIBMHBFNETH - 72726
12, BIEMEAPREEEIC Tl ImIc /NS e 72,
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Table 5 Mean element concentrations (ng/ml + &) of undiluted samples and diluted (1+99) sam-
ples in NIST 1643c compared with certified concentrations (ng/ml + 24)

Determined concentrations

Element Mass Detection Certifed
(amu) limit Diluted (1+99) concentrations
samples

Li 7 0.033 22.0 £ 0.3** 16.5+ 1.0
Be 9 0.025 56.0 £ 1.5 23.2+2.2
B 11 0.0045 202.4 £ 1.8 119.0 £ 1.4
Na* 23 0.16 18.88 + 0.68 12.19 £ 0.36
Mg* 25 0.014 9.88 = 0.16 9.45 +0.27
Al 27 0.001 328.2+1.2 114.6 = 5.1
K 39 0.056 4549 + 68 2300***

Ca* 43 0.28 39.6 £ 0.6 36.8+1.4
\Y 51 0.0028 32.7+0.1 31.4+2.8
Cr 53 0.012 13.0 £ 1.5 19.0 £ 0.6
Mn 55 0.0011 38.6 0.3 35.1 2.2
Fe 57 0.079 209.0 £ 2.7 106.9 = 3.0
Co 59 0.00047 25.9+0.4 23.5+0.8
Ni 61 0.01 34.3+£1.9 60.6 + 7.3
Cu 63 0.0046 30.9+3.3 22.3+2.8
Zn 66 0.0044 127.8 £ 6.5 73.9+0.9
As 75 0.0021 85.2+2.4 82.1+1.2
Se 77 0.0031 1.7+0.2 12.7 £ 0.7
Rb 85 0.0026 12.8+0.2 11.4+£0.2
Sr 88 0.00063 325.1£5.1 263.6 + 2.6
Mo 95 0.0023 128.0 = 1.3 104.3+1.9
Ag 109 0.00076 3.10 £0.19 2.21 £0.30
Cd 111 0.0034 14.4+1.0 12.2 1.0
Te 125 0.018 3.1£0.8 2.7

Ba 137 0.0046 57.7+ 1.6 49.6 £ 3.1
Tl 205 0.001 6.6 1.1 7.9%**

Pb 208 0.0018 35.4x1.0 35.3+0.9
Bi 209 0.0017 9+1 12%**

*Concentrations in gg/ml, **precision expressed as the standard deviation (n=3),
***Noncertified concentrations

2) KEE#F NRC SLRS-2

NRC SLRS-2 ?M217tHENRAEE & FH & #iK TLOICHIRL 7Rkt o fEfE% Table
617z, WEIZ Na (SHEE 1 23) ~U (5= © 238) T NRC SLRS-2 T
REFE L L TH 2 5722182 D T NIST 1643c & REEICIT - 72,

Fig. 2 I3MFFHEN H 5216KIC DWW, NRC SLRS-2 OFFHE &, JFEH & #iK TL104E
CFRL 2R ORI EM %2 i L 72, NIST 1643c & RN 24T - 28R, FRIC L
N FEEHEI RO 726%l3, Na, Mg, Ca, Cr, Mn, Co, Zn, Mo, Sb T& 1), FHED
135 PMREEHEICEVTE#IE, Al K, Ni, Sr, Cd, Ba, Pb, U Th 72, Cr(EE :
53) 13, fRAEFEA0.45+0.02 ng/ml TH 275%, FEHOBEEIZ0.57+0.00 ng/ml & £RiE
BLYLENEE 72, F DRI HMATIORICARL 72328 T1320.50£0.03 ng/ml &
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Table 6 Mean element concentrations (ng/ml £ ¢) of undiluted samples and diluted (1+9) samples
in NRC SLRS-2 compared with certified concentrations (ng/ml + 2¢)

Determined concentrations

Element Mass Certifed
(amu) Undiluted Diluted (1+9) concentrations
samples samples
Na* 23 1.99 £ 0.00** 1.93 £ 0.06 1.86 £ 0.11
Mg* 25 1.54 £ 0.01 1.50 = 0.01 1.51 £0.13
Al 27 84.6 £ 0.7 75.0 1.0 84.4+£3.4
K* 39 0.70 £ 0.02 0.56 = 0.01 0.69 +0.09
Ca* 43 5.44+0.13 5.50 = 0.03 5.70 £ 0.13
A% 51 0.29 =0.00 0.29 £0.01 0.25+0.06
Cr 53 0.57 = 0.00 0.50 = 0.03 0.45***
Mn 55 10,3+ 0.1 10.1+0.1 10.1 £0.3
Fe 57 105+ 1 106 = 2 129 + 7
Co 59 0.099 + 0.001 0.064 = 0.004 0.063 +0.012
Ni 61 1.04 £ 0.04 0.36 £ 0.01 1.03£0.10
Cu 63 2.73+0.02 2.72 £ 0.06 2.76 +£0.17
Zn 66 3.28 £0.01 3.37 £ 0.10 3.33+£0.15
As 75 0.88 % 0.01 0.90 £ 0.08 0.77 £ 0.07
Sr 88 29.2+0.1 29.4+0.3 27.3+0.4
Mo 95 0.17 = 0.01 0.16 = 0.02 0.16 = 0.02
Cd 111 0.025 = 0.001 0.006 = 0.001 0.028 = 0.004
Sb 125 0.33 +£0.01 0.29 +0.01 0.26 = 0.05
Ba 137 13.6 £ 0.0 14.2 £ 0.4 13.8 0.3
Pb 208 0.130 £ 0.002 0.121 =+ 0.011 0.129 £ 0.012
U 209 0.047 £ 0.002 0.038 + 0.007 0.049 = 0.002

*Concentrations in gg/ml, **precision expressed as the standard deviation (n=3),
***Noncertified concentration

PRAEEICEVE & e - 72, Zn (GPHTEE © 66) 1%, REEfES3.33+£0.15 ng/ml TR N
BIEMHA3.2840.01 ng/ml L EREHE L D LA LEMEE 7 5 7278, FMKTI0RFICHRL 72
Ak T133.37+0.10 ng/ml & ARFAEIC T NME & % - 72, REEHEICIA DV 2B, NIST
1643c tRfkIc= ) 7 ZTCHRICL 2 TFH L 27 P LT, FRICLVEBTEZS
EDEZ LB, Cr iZELoEEICCl o {thAtEL TwbsnT, ClIO D227
NTBE2ZTEOBREL) L& ko, FRBREZMATIEICARTL2Z LT, A7}
NWFEBHNE L DRAHMEICIE DO W2 &2 5N b, F 7282 Ni (GHEE - 61) i, &
FAEEA51.03£0.10 ng/ml Th 5 2%, FROWEMIZ1.04+0.04 ng/ml & RIEIC I E
El o7z, TDIRH A AR TIORICAR L 72308 T130.36£0.01 ng/ml &RAEME L D L »
TERNEE -7, U (S5HTEE - 238) HAREEE50.049+0.002 ng/ml Th % 2%, i
WO WENEIZ0.057+0.002 ng/ml X ARAEEIC T B & % - 7257, MK TIORSICARL 23R
¥ C130.038+0.007 ng/ml EAEMNME & % - 72, RO 5 HIREHEIC TV BERIE, R %
MK TLORFICARL THET 22 & T, MEBEIRERIANETH > 727212, HIEMD
oD TRRTWhEEZ LILS,

Beauchemin &'9}3 NRC SLRS-1 #OEMICHE (2476FK) 1I2OWT, AZEE & [EERIC
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Fig. 2

Mean element concentrations (ng/m! + ¢) in NRC SLRS-2 compared with certified concen-

trations (ng/ml + 26), U=concentrations of undiluted samples; D=concentrations of diluted
(1+9) samples; C=certified concentrations , *concentrations in ug/ml+ &

2 FBERAREE TR IE 2 47\ ICP-MS THI%E 24T > T\ 3, BIEEAMRIE IS VW EC
HoteZ iF, REBROKRE L—B L, 2 LIcEERME, FAEERELH-C
WEZAT->THEY, ZORRIZLNVREBEIENEE %> TH2DT, & 5% ENEW
MEE 2155 22 H I IIARHERME, FIARARE CRIET 2 LB, H 25 L E2 b b,
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NRC SLRS-2 i, NIST 1643c il Cohiiz BE MK, MK TIOIZAIRL 72
BT, BIEED pg/ml & BRI LD - 2D T, 100EIHRL 72 B ORE ZAT
bleh o 72, FIRDUWEL X 9 »iz o\ Ti3, Total Dissolved Solids GRIGREE, LT
TDS rugd) #1000 wg/ml 22 2 L DICOWTIE, HFRIUETH S L) BED
52, LaL, TDS i3tk C, N, O b ZATWB2Hiz ICP-MS (T & 5 1EHE
RREFTELW, f- TREOFEFILT< MY 7 26HKH pg/ml U EOBETH Y, HK
LCHEBICEDBEEH pg/ml & &b WHAICIT I LENH DL LEL LN,

B ©

ICP-MS # fHi\vsCAMENERE (NIST 1643c, NRC SLRS-2) o EFItHE 0 MsE £ 47
e BRI X RO 2 AR BT, BIE ORI I % PRI L
B OB R E 247 - 72, AN BHE & ok CLO0ME I R L 22 3Rk R sz L, 1R
{2 ) Holi 47 - 72, NIST 1643c OBIEOREE, AHIC £ 0 RAEBICED\ 72 TTEI,
Be, B, Na, Mg, Al V, Cr, Mn, Co, Ni, As, Rb, Sr, Mo, Ba, Pb Tk 1.
NRC SLRS-2 »llE»kER, AFIC & D RIH#EICE-DWw/2t#&Iz, Na, Mg, Ca, Cr,
Mn, Co, Zn, Mo, Sb T -7, ICP-MS iz k 2 s CRIE X % 5 2~<7 b LFiki34
FHREORECIERTE, <) 7 ZERIC L 2 THRART 52 & CRRTE 2,

'&E{i
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Determination of trace elements
in environmental samples by ICP-MS

(3) Determination of trace elements

in water reference material by ICP-MS

Jun NAOHARA and Eiji YAMASHITA

Environmental Engineerving Laboratory,
Research Institute of Technology,
Okayama University of Science,
Ridai-cho, Okayama 700, Japan
(Received September 30, 1994)

The trace elements in water reference materials (NIST 1643c and NRC SLRS-2)
were determined by inductively coupled plasma mass spactrometry (ICP-MS). Calibra-

tion was accomplished by using blank and standard solution, and finally the standard

solution was run again to allow a correction for intensity drift. The difference between

the concentration of trace elements in water reference materials and the concentration

of trace elements in diluted water reference materials with MILLI-Q water was

compared. In NIST 1643c reference materials, the concentrations of Be, B, Na, Mg, Al,
V, Cr, Mn, Fe, Co, Ni, As, Rb, Sr, Mo, Ba and Pb in diluted water reference material
were close to the certified concentration. In NRC SLRS-2 reference material, the
concentration of Na, Mg, Ca, Cr, Mn, Co, Zn, Mo and Sb in diluted water reference

material were close to the cortified concentration.



