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Determination of Trace Elements in Candidate Synthetic Water
Reference Materials by Isotope Dilution Inductively
Coupled Plasma Mass Spectrometry
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Division of Chemical Metrology and Materials Evaluation, Korea Research Institute of
Standards and Science, P.O. Box 102, Yusung, Taejon 305-600, Korea
*Department of Chemistry, Kyungpook National University, Taegu 702-701, Korea

Isotope dilution mass spectrometry (IDMS) was applied to the determination of Pb, Cd, Cu, Zn, Fe and Cr
in candidate reference materials of synthetic water. In the case of Cu, Zn, Fe and Cr measurement, all data were
obtained amedium resolutiomode (mAm = 3000) of double focusing sector field high resolution inductively
coupled plasma mass spectrometry (HR-ICP/MS). For Pb, Cd isotope ratios were obtainectsolidion
mode(m/Am = 300). This paper describes an attempt to obtain an Sl-traceable value for the concentration of
trace elements in candidate reference materials of synthetic water. The International Vocabulary of Basic and
General Terms in Metrology (VIM) definition of traceability requires ‘stated uncertainties’. Because a primary
method of measurement (IDMS) is used, an attempt was made to make these ‘stated uncertainties’ as detailed
as possible, thereby using the International Organization for Standardization (ISO) guides. All the possible
sources of uncertainty are taken into account, based on the parameters in general IDMS equation.
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Table 1. Typical operating conditions for ICP-MS measure-

ment

Parameter Value (unit) Unit

Resolution Mode Medium(m/ low(m/Am)
Am)=3,000) =300)

Focus offset 65.64 65.4
UalUb 0.630 0.65 %
Cool gas 13.27 13.2 L/min
Aux gas 0.80 0.72 L/min
Sample gas 1.142 0.89 L/min
Additional 1 0.000 0 L/min
Plasma power 1300 1300 Watt
Extraction -1920 -1950 A%
Focus -840 -1000 A%
X-Deflection -11 -7.82 A%
Y-DeFlection -0.00 0.58 A%
Shape 131.00 122 A%
Rotation quadrupol 1 1.00 345 A%
Rotation quadrupol 2 15.07 3.87 A%
Focus quadrupol 1 154 -2.38 A%
Focus quadrupol 2 -7.15 -3.59 A%
MATSUDA-Plate 133.65 133.91 v
SEM-Deflection -100.00 -193.8 v
SEM 2005 1901.0 v
Measuread elements Cu, Zn, Fe, Cr  Pb, Cd
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Table 2. Isotopic standard used for mass discrimination

A doleTYS ERBATY PNk 9% 207

Table 3. Enriched isotopic standards used for double

correction spike IDMS
Element Isotope Abundance (%) Producer Element Isotope  Abundance (%) Producer
Pb 204py 14245 204py, 0.0
(Natural 206py, 24.1447 NBS SRM 205y, 206pp 0.99979 NIST
isotopic 207p 22.0827 981 207pp  0.00008+0.00001  SRM991
standard) 208ppy 52.3481 208pp  0.00013=0.00001
Pb 204py, 1.09120.0012 106¢q 0.01
(Equalatomic ~ *®Pb  40.0890=0.0072 NBS SRM 19%Cd 0.01
isotopic 2ph 18.7244=0.0023 982 119¢q 031
standard) 2®Pb  40.0954+0.0077 mey G 96.31x03  U.S. Services
112
50Cy 4.34520.009 usgj 3236 Inc
52, .
Cr 83.7890.012
114,
8Cr 95010011 B> SRM Cd 0.82
54 979 15¢q 0.109
Cr Cr 2.365+0.005 (CHNO), -
NCeACr 0.05186£0.00010 rgH 53 &5 8Cu 0.3 U.S. Services
BCrCr 0.11339=0.00015 2 " Cu 99.7+0.1 Inc.
SCP2Cr 0.02822+0.00006 6y 0.95
BCy 69.174+0.020  NBS SRM 671 0.76 US. Servi
Cu 65Cu 30.826+0.020 976, 671 6771 037 : 'Ier"“‘es
BCuPCu 2244000021  Cu metal 7n 97.9+0.5 ne.
70
SR 5.845+0.023 Zn 0.02
e 91.7540.024 SFe -
Fe 2.1191+0.006  IRMM-16 SR, %Fe 2.40 U.S. Services
Fe 58Fe 0.2819=0.002 (Geel, © 57Fe 95.20 Inc.
SFe/Fe  0.06370+0.00027  Belgium) 58Fe 2.40
STRe/%Fe  0.023096+0.000072 Sy 0.03
58 56 .
Fe/*Fe  0.003071=0.000029 . 820y 185 US. Services
Cr BCp 98.0+0.1 Inc.
2 FQIAE Table 20 QoFslsith. B3t 5% Y MCr 0.12
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Table 4. Compositions of the candidate reference material
of synthetic water

Concentration (ug/kg)

Elements
Target value Preparation value
Ca 30,000 30,100
. Mg 10,000 10,000
Matrix K 5,000 4,800
Na 20,000 20,300
As 30 30.374
Cd 5 5.133
Cr 20 19.986
Analyte Cu 30 30.552
Fe 120 122.081
Pb 30 30.685
Zn 70 74.351
Acid(HNO,) 0.5 mol/kg
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Table 5. Summary the major interference ions originating from sample matrix and plasma gases during using ICP-MS

Isotope (exact

Molecular ion interferences

Element mass, amu) (exact mass, amu)
204Pb 164Dy40Ar 164EI‘40A1‘ ISSOSIGO 204Hg
(203.97304) (203.89156) (203.89159) (203.95076) (203.97348)
206Pb 166EI‘40A1‘ 19OOSIGO
(205.97446) (205.89269) (205.95337)
Pb 207Pb 167Er40Ar 1911r160 189OSISO
(206.16994) (206.89444) (206.95551) (206.95732)
ZOSPb 168E1‘40A1‘ 168Yb40Ar 192 Pt160 19ZOSIGO
(207.97664) (207.89476) (207.89629) (207.95596) (207.95640)
106Cd 6621’140A1‘ 106Pd 9OZr160 SSSI.ISO
(105.90646) (105.88842) (105.90348) (105.89962) (105.90474)
IOSCd GSZn40Ar 9ZZr160 92M0160 108Pd
(107.90419) (107.88723) (107.89995) (107.90172) (107.90387)
110Cd 110Pd 70Ge40Ar 7OZI’I4OAI' 94M0160
(109.90301) (109.90517) (108.88663) (109.88770) (109.9000)
111 Cd 71 Ga40Ar 75A536A1‘ 95M0160 93Nb180
(110.90418) (110.88708) (110.88915) (110.90075) (110.90554)
Cd 112Cd 72Ge40Ar 96M0160 96Ru160 IIZSn
(111.90276) (111.88446) (111.89959) (111.90251) (11.90482)
113Cd 11311,1 73Ge40Ar 97M0160
(112.90440) (112.90406) (112.88584) (112.90093)
114Cd 114Sn 74Ge40Ar 74SQ4OAI' 98Ru160 98M0160
(113.90336) (113.90278) (113.88356) (113.88486) (113.90020) (113.90032)
116Cd 11651,1 765640A1‘ 76Ge40Ar IOOMOIGO 232Th++
(115.90476) (115.90174) (115.88159) (115.88378) (115.90238) (116.01903)
63Cu 47Ti160 27Al36Ar 23Na40Ar 25Mg38Ar ZSNaZSNaIGOlH
(62.92960) (62.94667) (62.94909) (62.95215) (62.94857) (62.98228)
Cu 65Cu 49Ti160 ZSMg4OAr ZSNaZSNaISOlH
(64.92779) (64.94278) (64.94882) (64.98653)
64Zn 64Ni 48'Fi160 24Mg4OAI' 48Ca160
(63.92915) (63.92797) (63.94286) (63.94742) (63.94744)
6621,1 50Ti160 50Cr160 261\/[g40Ar
(65.92604) (65.93970) (65.94096) (65.94498)
7 67Zn 51vl60 ‘31P36Ar 27Al40Ar
(66.92713) (66.93887) (66.94131) (66.94392)
6821,1 52 CrlGO ZSSi40Ar SZSSGAI.
(67.92485) (67.93542) (67.93931) (67.93962)
7021,1 70Ge 54Cr160 54FeIGO SOSi40Ar 52Cr180
(69.92532) (69.92425) (69.93379) (69.93452) (69.93615) (69.93967)
Z vysie]ol 31, Pb, Cd, Cu, Zn®] ZA-% 7l  Inductively Coupled Plasma Mass Spectrometry,
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Table 6. Summary the major interference ions originating from sample matrix and plasma gases during using ICP-MS

Isotope (exact

Molecular ion interferences

Element
mass, amu) (exact mass, amu)
54Fe 54Cr 107Ag+ + SSAI.IGO
(53.93961) (5393888) (53.45255) (53.95764)
56Fe 40Ar160 40Ca160 111Cd++
(55.93494) (55.95729) (55.95750) (55.45209)
Fe 57Fe 40A1‘17O 40 Ca170 40A1‘1601H
(56.93540) (56.96151) (56.96172) (56.96512)
SSFe 58Ni 42 CalGO 40Ca180 40A1‘180
(57.93328) (57.93535) (57.95353) (57.96175) (57.96154)
50Cr 50Ti
(49.94605) (49.94479) (49.94761)
52Cr 40Ar12c 36Ar160 104Ru++ 104Pd++
(51.940512) (51.96238) (51.96246) (51.95271) (51.95201)
Cr 53Cr 37Cl180 40Ar13c 18Cl350 36Ar1601H 106Cd++
(52.940654) (52.96081) (52.96573) (52.96801) (52.97029) (52.95323)
54Cr 107Ag++ 54Fe 108Cd++
(53.93888) (563.45255) (53.93961) (53.95210)
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Table 7. Typical value of standard deviation for isotopic ratios of 2%®Ph/”%Pb and "''Cd/"'?Cd by HR-ICP/MS under low

resolution mode (R=300)

Number of Intensity (cps) Isotope ratios
measurement (N) 206ty 208pt, 111y 112¢q ZOSPb/ZOGPb 111Cd/112Cd
1 518227.8 519784.0 93508.4 171899.2 1.0030 0.5408
2 520797.6 520811.2 91522.4 168488.4 1.0000 0.5432
3 523424.8 5221104 94274.8 174515.2 0.9975 0.5402
4 521668.0 520572.8 94093.2 173460.0 0.9979 0.5424
5 523040.0 526121.6 93944.2 173617.6 1.0059 0.5411
Average 5214315 521880.0 93468.2 172596.1 1.0009 0.5416
Std.Dev 2027.8 25144 1123.9 2368.4 0.0036 0.0012
RSD(%) 0.4 0.48 1.2 1.37 0.36 0.23

Table 8. Typical value of standard deviation for isotopic ratios of 83Cw%Cu and %Zn/%®Zn by HR-ICP/MS under medium

resolution mode (R=3,000)

Number of Intensity (cps) Isotope ratios

measurement (N) &Cu Cu Zn 7n BCu/SCu 667n/%Zn
1 75760.4 173384.5 127064.6 123516.9 0.4366 1.0287

2 76376.4 172817.4 133199.1 128179.4 0.4419 1.0392

3 74046.4 171255.1 134770.4 129878.1 0.4324 1.0377

4 76011.5 173814.0 136834.3 130710.5 0.4373 1.0468

5 73279.8 166251.5 137623.5 132509.4 0.4408 1.0386
Average 75084.1 171504.5 133898.4 128958.7 0.4378 1.0382
Std. Dev 1346.3 3092.3 4196.6 3418.8 0.0038 0.0064

RSD(%) 1.79 1.80 3.13 2.65 0.86 0.62
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Table 9. Typical value of standard deviation for isotopic ratios of ®Fe/*'Fe and %2Cr/%*Cr by HR-ICP/MS under medium

resolution mode (R=3,000)

Number of Intensity (cps) Isotope ratios

measurement (N) 56Fe 57Fe 2Cr BCr 56Fe/>"Fe 52Cy/5Cr
1 379520.6 376354.2 104646.1 210494.7 1.0084 0.4971
2 372314.7 378917.8 106217.7 216208.1 0.9826 0.4913
3 365972.9 366720.6 109628.0 221656.0 0.9980 0.4946
4 389162.1 393336.8 108865.0 220320.0 0.9894 0.4941
5 3736374 378129.5 110069.3 219399.8 0.9881 0.5017
Average 376121.5 378691.8 107885.2 217615.7 0.9933 0.4958
Std. Dev 8735.9 9534.4 2347.3 4458.4 0.1101 0.0039

RSD(%) 2.32 2.52 2.18 2.05 1.02 0.79
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medium resolutiom mode®l|¥ 2] E9YUAH]E&2] RSD
e Sanz-Mendel o] BcuBcust 7Znf*Zne)
Aol Al A& 0.7%-0.8% RSD# H|wd uf H]S=3h

2 28 % e

e

)

3.2, AEAmEZM ZHMEXI0[29 28|

7] Bzjo]2-E9 (interfering molecular ions) TH3H
A= Table 59 Table 69 FA|3] A vl i}, o]
7H o) L0] B3] By AgAHEHS Ro| F
EZR dde Feot Crolvh. ®A Fig. 194 =
R=3,000014 E9¢4 2Creb 7+ o]l &(PArlC 2
27} e]2E)9] o)At HEjEE A& eI &

rir mln

Nr.1 Res. Medium Date Oct 15, 2001 18:11:52

60
50
20000 -
k40
Pyl
% 15000 01
) 5
- 52Cr T
% "0 3
g =
£ 100004 =X
F20
50001
10
40Ar12C
|
h
J
0 1 L L 1 1 1 1 0
5190 5192 51.94 51.96 5198 5200 5202 52.04
Mass [u]

Fig. 1. The peaks of %2Cr isotope separated from molecular
ions at the medium resolution (R=3,000).
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Fig. 2. The peaks of *®Fe isotope separated from molecular
ions at the medium resolution (R=3,000).
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Fig. 3. The peaks of ¥Fe isotope separated from molecular
ions at the medium resolution (R=3,000).
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Table 10. Typical example of

uncertainty budget for copper concentration in Synthetic water CRM calculated according to

Kragton spreadsheet approach

c, in 10 mol/kg c, m, m, m/ m, R,=R, Ry Ry Ry D w Chlank
Value: 0.159026375  150.149 0.4881 0.9963 09226  2.243593902 0.003009027 0.670605492 0.509538032 1 1 3.28162E-06
Std Uncertainty: 0.000159203  0.0005 0.0005 0.0005 0.0005  0.002390232 4.00929E-06 0.004821332 0.000800841 0 0 1.40549E-06
v 1004456 999999 999999 999999 999999 999999 999999 3 6 999999 999999 4
c, 0.159026375 0.159185578 0.159026375 0.159026375 0.159026375 0.159026375 0.159026375 0.159026375 0.159026375 0.159026375 0.159026375 0.159026375 0.159026375
m, 150.149 150.149 150.1495 150.149 150.149 150.149 150.149 150.149 150.149 150.149 150.149 150.149 150.149
m, 0.4831 04881 04881 0.4836 04881 04881 04881 0.4881 04881 04881 0.4831 04881 04881
m, 0.993 0.9963 0.9963 0.993 0.9968 0.9963 0.9963 0.9963 0.9963 0.9963 0.993 0.9963 0.9963
m; 0.9926 0.9926 0.9926 0.9926 0.9926 0.9231 0.9926 0.9926 0.9926 0.9926 0.9926 0.9926 0.9926
R,=R, 2243593902 2.243593902 2.243593902 2.243593902 2.243593902 2.243593902 2.2245984134 2.243593902 2.243593902 2.243593902 2.243593902 2.243593902 2.243593902
R,  0.003009027 0.003009027 0.003009027 0.003009027 0.003009027 0.003009027 0.003009027 0.003013036 0.003009027 0.003009027 0.003009027 0.003009027 0.003009027
R,  0.670605492 0.670605492 0.670605492 0.670605492 0.670605492 0.670605492 0.674916311 0670605492 0.675426824 0.670605492 0.670605492 0.670605492 0.670605492
R, 0509538032 0.500538032 0.509538032 0.500538032 0.509538032 0.509538032 0.510080873 0.509538032 0510338873 0.509538032 0509538032 0.509538032 0.509538032
D 1 1 1 1 1 1 1 1 1 1 1 1 1
w 1 1 1 1 1 1 1 1 1 1 1 1 1
Chanke  3-28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 3.28162E-06 4.68712E-06
Sy 0.00009226  0.00069296  0.00069226  0.00069298 0.00069192 0.00069264 0.00069761 0.00069227 0.00069944 0.00069085 0.00069226 0.00069226 0.00069086
u 6.96321E-07 -2.3162E-09 7.12504E-07 -3.4889E-07 3.76949E-07 5.34264E-06 1.32827E-09 7.17709E-06 -1.4187E-06 0 0 -1.4055E-06
u? 85299E-11 4.84863E-13 5.36469E-18 5.07662E-13 1.21724E-13 1.42091E-13 2.85438E-11 1.7643E-18 5.15106E-11 2.01262E-12 0 0 197541E-12
Contribution 057% 0.00% 0.60% 0.14% 0.17% 33.46% 0.00% 60.39% 2.36% 0.00% 0.00% 2.32%
v 2.34E-31 2.88E-41 2.58E-31 148E-32 2.02E-32 8.15E-28 3.11E-42 8.84E-22 6.75E-25  0.00E+00 0.00E+00  9.75E-25
ulc,) 9.2357E-06 Vet 8 Rel. uc: 1.33%
Value u Rel. u v
¢, in 10 mol/kg 0.000692265 9.23573E-06  1.334% 8
¢, in 10¢ g/kg 04399066  0.0005869 1.334% 8
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Table 11. ID-ICP-MS results of lead contents in candidate
reference material of synthetic water

A7) - -

Table 13. ID-ICP-MS results of copper contents in
candidate reference material of synthetic water

Sample AU g dard ROAIVE py e of Sample MOt o dard  NEUVE py e of
content . standard content . standard
ID# 1 uncertainty . freedom ID# .1 uncertainty . freedom
Mg - g uncertainty ng - g uncertainty
C-01-020 125.4 6.06 4.83% 6 C-01-020 44.0 1.82 4.13% 3
C-01-040  119.7 4.41 3.68% 15 C-01-040 435 2.11 4.86% 2
C-01-060 115.8 4.71 4.07% 14 C-01-060 43.4 1.79 4.14% 3
C-01-080 114.2 5.13 4.49% 5 C-01-080 43.9 1.91 4.35% 3
C-01-100 1154 4.09 3.54% 23 C-01-100 44.1 1.83 4.15% 3
C-01-120  113.0 6.04 5.34% C-01-120 43.5 1.78 4.08% 2
C-01-140 114.6 7.77 6.78% 1 C-01-140 44.8 2.10 4.69% 3
C-01-160  105.6 3.95 3.74% 11 C-01-160 44.2 1.86 4.20% 3
C-01-180  106.8 4.35 4.07% 13 C-01-180 44.3 1.94 4.38% 3
Average/ 145 5.30 4.63% 91 Average/ ) 1.91 4.34% 25
Pooled Pooled
Std dev. 5.98 Std dev. 0.45
Relative std 5.999, Relative std 1.02%
dev. dev.
Degree of 3 Degree of 3
freedom freedom

Table 12. ID-ICP-MS results of cadmium contents in
candidate reference material of synthetic water

Table 14. ID-ICP-MS results of zinc contents in candidate
reference material of synthetic water

Sample  AMOUN g dard  NCHVE b e of Sample  AMOUNC g dard  NEAEVE  py e of
ID# Conter_I} uncertainty standa.rd freedom ID# conten_tl uncertainty standa.rd freedom
/ug - g uncertainty /ug - g uncertainty
C-01-020 5.13 0.070 1.37% 33 C-01-020  604.6 44.9 7.44% 3
C-01-040 5.17 0.084 1.63% 8 C-01-040  589.1 72.2 12.3% 1
C-01-060 5.15 0.085 1.46% 23 C-01-060  574.9 58.4 10.1% 2
C-01-080 5.12 0.062 1.21% 33 C-01-080  619.1 33.7 5.45% 4
C-01-100 5.13 0.063 1.22% 34 C-01-100  616.7 37.3 6.06% 6
C-01-120 5.11 0.063 1.22% 34 C-01-120  606.6 39.8 6.56% 4
C-01-140 5.14 0.064 1.25% 36 C-01-140  620.1 41.8 6.75% 3
C-01-160 5.12 0.064 1.25% 38 C-01-160  604.8 33.7 5.58% 4
C-01-180 5.12 0.069 1.35% 24 C-01-180  607.3 29.4 4.85% 3
Average/ 514 0070  1.36% 263 Average/ 5y g 45.3 7.49% 30
Pooled Pooled
Std dev.  0.000018 Std dev. 14.7
Relative std Relative
dev. 0.36% std dev. 2.43%
Degree of 3 Degree of 3
freedom freedom
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Table 15. ID-ICP-MS results of iron contents in candidate
reference material of synthetic water

Sample Amount Standard Relative Degree of

ID# conten_tl uncertainty standa.rd freedom
ug - g uncertainty

C-01-020 129.0 532 4.12% 22

C-01-040 129.2 5.22 4.03% 21

C-01-060 128.8 6.23 4.84% 14

C-01-080 128.0 4,92 3.84% 18

C-01-100 127.9 4.96 3.88% 19

C-01-120 127.8 4.96 3.88% 19

C-01-140 127.1 4.89 3.85% 18

C-01-160 127.8 4,98 3.89% 19

C-01-180 128.5 4,98 3.87% 19

Average/ 1,04 495 3.86% 169
Pooled

Std dew. 0.69

Relative

std dew. 0.54%

Degree of 3

freedom

Table 16. ID-ICP-MS results of chromium contents in
candidate reference material of synthetic water

Amount Relative

Sample content Standgrd standard Degree of
ID# 1 uncertainty . freedom
/ug - g uncertainty

C-01-020 19.8 0.62 3.13% 10
C-01-040 19.8 0.65 3.26% 120
C-01-060 19.9 0.66 3.28% 12
C-01-080 19.9 0.65 3.27% 12
C-01-100 19.8 0.60 3.04% 9
C-01-120 20.1 0.65 3.22% 11
C-01-140 20.0 0.60 3.04% 9
C-01-160 19.7 0.63 3.17% 11
C-01-180 20.0 0.69 3.46% 10
Average/ g9 064  322% 96

Pooled

Std dew. 0.10

Relative

std dewv. 0.50%
Degree of

freedom
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32 Inductively Coupled
Plasma/atomic  emission  spectrometry(ICP/AES),
Anodic Stripping Voltametry(ASV), Graphite Furnace
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