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Table 1 Comparison on concentrations of some metals in the water that sampled in five drum containers (unit:
ug/1)

Anal. Drum container’s No.

method No.1 No.2 No.3 No.4 No.5
Al AES 15 14 15 15 14

MS 16 16 16 16 16
Ba AES 0.60 0.60 0.59 0.59 0.59

MS 0.63 0.65 0.62 0.64 0.66
Cr AES 0.15 0.12 0.11 0.13 0.12
Cu AES 0.61 ' 0.59 0.58 0.58 0.59

MS 0.58 0.58 0.54 0.56 0.56
Fe AES 1.6 1.3 14 1.4 1.4
Mn AES 0.08 0.06 0.08 0.07 0.07

MS 0.102 0.075 0.077 0.074 0.077
Mo AES 0.41 0.31 0.36 0.34 0.32

MS 0.44 0.42 0.39 0.40 0.40
Ni MS n.d. n.d n.d n.d n.d
Pb MS n.d. n.d n.d n.d n.d
Zn AES 0.12 0.12 0.11 0.12 0.10

MS 0.005 0.018 nd. n.d. n.d.
B MS 8.97 9.32 8.63 9.12 9.27
Alkaline and alkaline earth elements (unit: mg/1) ‘
Na AES 4.17 4.27 4.17 4.15 4.22
Mg AES 2.77 2.85 2.83 2.82 2.86
K AES 0.57 0.59 0.58 0.58 0.59
Ca AES 12.0 12.3 12.2 12.1 12.1

AES: Iﬁductively coupled plasma atomic emission spectrometry, ICP-AES; MS: Inductively coupled plasma mass spectrometry, ICP-

MS; n.d.: non detectable
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Table 2-1 Homogeneity of homogenized/prepared water for standard material in/between the preparation drums;
Non-spiked (unit: pg/1)

Anal. N-A N-B
method up. layer mid. layer low. layer up. layer mid. layer low. layer
Al AES 17.8 18.0 18.1 18.2 18.2 18.3
MS 20.4 19.9 19.7 18.3 18.1 18.5
Ba AES 0.61 0.62 0.63 0.62 0.62 0.62
MS 0.68 0.69 0.69 0.68 0.68 0.69
Cr AES 0.14 0.15 0.11 0.13 0.12 0.13
Cu AES 0.55 0.55 0.55 0.53 0.56 0.54
MS 0.62 0.62 0.62 0.63 0.61 0.60
Fe AES 3.9 3.9 4.0 4.0 4.0 4.0
Mn AES 0.1 0.1 0.1 0.1 0.1 0.1
MS 0.14 0.14 0.15 0.13 0.14 0.13
Mo AES 0.38 . 0.35 0.38 0.38 0.33 0.35
MS 0.36 0.35 0.35 0.31 0.33 0.33
Ni MS n.d. 0.013 0.029 0.021 0.035 0.019
Pb MS 0.003 0.001 0.001 n.d. n.d. n.d.
Zn AES 0.11 0.10 0.10 0.10 0.09 0.09
MS 0.19 0.25 0.41 0.27 0.29 0.28
B MS 8.60 8.63 9.03 8.26 7.99 7.83
Alkaline and alkaline earth elements (unit: mg/1)
Na AES 4.18 4.16 4.15 4.14 4.14 4.18
Mg AES 2.77 2.76 2.77 2.77 2.78 2.77
K AES 0.55 0.55 0.55 0.55 0.56 0.55
Ca AES 12.1 12.1 12.0 11.9 11.9 11.9
pH 1.10 1.09 1.09 1.09 1.09 1.09

AES: ICP-AES; MS: ICP-MS; up. layer: upper layer; mid. layer: middle layer; low. layer: lower layer

Table 2-2 Homogeneity of homogenized/prepared water for standard material in/between the preparation drums;
Spiked (unit: pug/I)

Anal, A-© A-®
method up. layer mid. layer low. layer up. layer mid. layer low. layer
Al AES 67.6 68.2 66.6 66.9 67.3 67.7
MS 65.3 67.3 64.6 65.7 63.7 63.7
As MS 58 6.2 5.8 5.8 5.8 5.8
Ba AES 0.63 0.64 0.62 0.61 0.62 0.63
MS 0.69 0.72 0.70 0.71 0.71 0.70
Be AES 0.96 0.98 0.96 0.96 0.96 0.96
MS 1.01 1.07 1.02 1.07 1.02 1.03
Cd AES 0.97 0.97 0.95 0.95 0.96 0.95
MS 1.05 1.09 1.07 1.08 1.05 1.06
Cr AES 9.85 10.1 9.80 9.68 9.77 9.80
MS 10.6 11.1 10.6 10.8 10.6 10.6
Cu AES 11.2 114 11.1 11.1 11.1 11.2
MS 10.6 11.0 10.56 10.7 10.7 10.6
Fe AES 51.1 52.2 51.0 50.8 50.7 51.2
Mn AES 49 49 4.7 4.7 4.6 4.6
MS 5.7 6.0 5.7 5.8 5.6 5.6
Mo i AES 0.34 0.37 0.34 0.35 0.38 0.34
MS 0.31 0.34 0.33 0.32 0.323 0.32
Ni AES 9.0 9.3 8.8 9.0 9.0 8.9
MS 9.34 9.96 9.52 9.61 9.57 9.40
Pb AES 9.6 9.8 9.3 9.5 9.6 9.5
MS 10.8 11.2 10.6 10.7 10.7 10.6
Zn AES 9.4 9.4 9.2 9.3 9.3 9.4
MS 10.3 10.7 10.1 10.1 9.84 10.0
B MS 56.7 59.3 55.8 57.7 56.7 56.6
Se MS 5.14 5.39 5.07 5.24 5.10 5.11
Alkaline and alkaline earth elements (unit: mg/1)
Na AES 4.19 4.19 4.19 4.19 4.16 4.15
Mg AES 2.78 2.77 2.77 2.78 2.78 2.78
K AES 0.56 0.56 0.56 0.56 0.56 0.56
Ca AES 12.0 12.0 12.0 12.0 12.0 11.9
pH 1.11 1.11 112 112 1.11 1.11

AES: ICP-AES; MS: ICP-MS; up. layer: upper layer; mid. layer: middle layer; low. layer: lower layer
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Table 3 Instrumental analyses applied in the interlaboratory testing and their numbers for each element
Non-spiked Spiked
MS AES AAS Others MS AES AAS Others
Al 19 14 3 LC: 3 20 15 3 LC: 3
As 16 1 19 3 5
B 20 14 23 24
Ba 21 6 21 6
Be 5 22 8 1
Cd 157 1 22 10 6
Cr 22 3 4 21 14 7
Cu 23" 5 4 21 11 7
Fe 11 15 7 12 18 7
Mn 23 5 3 24 15 5
Mo 20 2 24 3
Ni 16 18 13 7
Pb 15° 26 15 8
Se 10 2 15 4 7
Th 1 1
u 15 13
Zn 207 4 3 18 12 4
Ca 8 23 6 IC: 2 4 17 4 IC: 2
K 5 3 16 Flame: 1,1C: 2 6 13 16 Flame: 1,1C: 2
Mg 3 23 6 IC: 2 8 24 5 IC: 2
Na 5 12 15 Flame: 1,1C: 2 7 16 15 Flame: 1,1C: 2
Sum 299 146 66 11 344 241 97 11

MS: ICP-MS, including 2 ID-MS (isotope dilution mass spectrometry) analyses in case of n” ; AES: ICP-AES, utilizing hydride genera-
tion method for As and Se; AAS: Electrothermal atomic absorption spectrometry other than for Ca, K, Mg and Na that were applied
flame AAS. Utilizing hydride generation method for As and Se ; Flame: Flame spectrophotometry; IC: Ion chromatography; LC:
High performance liquid chromatography with fluorescent detection of chelated metals
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Table 4 Statistical analysis of analytical results of non-spiked water

(1) Total (unit for average, median, U95%, SD and NIQR: unit: ug/1)

N Average Median U95% NIQR U95% CV% CV% clas CV% rob

Pb 15 0.0048 0.0046 0.0011 0.0019 0.0014 22 40 30
Cr 27 0.1527 0.1539 0.0096 0.0242 0.0157 6 16 10
Cd 16 0.0022 0.0021 0.0005 0.0009 0.0005 23 41 22
Se 10 0.1239 0.1277 0.0378 0.0528 0.0422 30 43 33
As 19 0.2392 0.2353 0.0242 0.0498 0.0235 10 21 10
Cu 30 0.6183 0.5723 0.0508 0.1354 0.0635 8 22 11
Fe 31 4.9169 4.8613 0.1913 0.5216 0.5732 4 11 12
Mn 31 0.1296 0.1293 0.0053 0.0145 0.0130 4 11 10
Zn 26 0.1807 0.1883 0.0251 0.0619 0.0642 14 34 34
B 32 8.8259 8.8080 0.2826 0.7813 0.5737 3 9 7
Al 39 19.6589 19.6500 0.6089 - 1.8743 1.4437 3 10 7
Ni 15 0.0782 0.0672 0.0323 0.0574 0.0618 41 73 92
Be 4 0.0025 0.0023 0.0035 0.0022 0.0012 137 86 53
Ba 25 0.5974 0.5956 0.0105 0.0253 0.0193 2 4 3
Mo 27 0.3857 0.3784 0.0093 0.0233 0.0163 2 6 4
U 13 0.0029 0.0029 0.0001 0.0002 0.0001 4 7 5
Th 1 0.0475 0.0475 0.0000 0
Alkaline and alkaline earth elements (unit: mg/I)

K 37 0.5743 0.5763 0.0126 0.0378 0.0315 2 7 5
Na 37 4.3418 4.3118 0.0790 0.2369 0.1390 2 5 3
Mg 38 2.8262 2.8384 0.0310 0.0942 0.0723 1 3 3
Ca 39 12.0372 11.9950 0.1893 0.5831 0.5263 2 5 4

N: number of data; U95% : uncertainty, t X o/ VN, 95% confidence limit; SD: standard deviation ; NIQR: normalized interquartile

range

(2) Lot A (unit for average, median, U95%, SD and NIQR: ug/1)

N Average Median U95% NIQR U95% CV% CV% clas CV% rob
Fe 16 4.6571 4.4570 0.2573 0.4830 0.3445 6 10 8
Mn 19 - 0.1247 0.1228 0.0073 0.0150 0.0118 6 12 10
Al 20 18.9774 18.7013 0.8900 1.8945 0.9581 5 10 5
(8) Lot B (unit for average, median, U95%, SD and NIQR: ug/1)

N Average Median U95% NIQR U95% CV% CV% clas CV% rob
Fe 15 5.1940 5.1750 0.2324 0.4167 0.1812 4 8 4
Mn 12 0.1373 0.1359 0.0063 0.0099 0.0101 5 7 7
Al 19 20.3763 20.2675 0.7695 1.6025 0.8127 4 8 4
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Table 5 Statistical analysis of analytical results of spiked water (unit for average, median, U95%,\ SD and NIQR: unit:

ug/)

N Average Median U95% SD NIQR U95% CV% CV% clas CV% rob
Pb 39 9.9295 10.0000 0.1933 0.5962 0.3840 2 6 4
Cr 41 10.0483 10.1425 0.1569 0.4968 0.3781 2 5 4
Cd 34 1.0072 1.0100 0.0149 0.0425 0.0257 1 4 3
Se 24 4.9994 5.0698 0.1484 0.3501 0.3658 3 7 7
As 27 5.3096 5.3470 0.1790 0.4514 0.2433 3 9 5
Cu 40 10.2706 10.3738 0.2088 0.6521 0.3031 2 6 3
Fe 37 55.8268 55.2000 1.1554 3.4587 2.2183 2 6 4
Mn 43 5.0364 5.0500 0.1064 0.3455 0.1858 2 7 4
Zn 38 10.2348 10.0901 0.2614 0.7942 0.4104 3 8 4
B "+ 36 58.6994 58.5900 1.1581 3.4161 2.2818 2 6 4
Al 41 67.4674 67.4575 1.1433 3.6151 3.4137 2 5 5
Ni 35 9.9055 9.8400 0.1529 0.4449 0.2621 2 4 3
Be 30 0.9910 0.9854 0.0355 0.0949 0.0639 4 10 6
Ba 26 0.5967 0.5943 0.0114 0.0281 0.0254 2 5 4
Mo 25 0.384 0.377 0.012 0.029 0.024 3.098 7.483 6.403
U 12 0.00293 0.00292 0.00012 0.00018 0.00016 3.99777 6.29199 5.40657
Th 1 0.0253 0.0253 0.0000 0
Alkaline and alkaline earth elements (unit: mg/1)
K 38 0.571 0.574 0.012 0.035 0.028 2.026 6.148 4.867
Na 38 4.3285 4.2988 0.0725 0.2204 0.1537 2 5 4
Mg 38 2.8262 2.8403 0.0319 0.0969 0.0744 1 3 3
Ca 40 12.1721 12.0238 0.2194 0.6851 0.5328 2 6 4
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Table 6-1 Certified values for JSAC 0301-1 (natural Table 6-3 Certified values for JSAC 0302 (spiked
river water) (unit: ug/1) river water) (unit: pg/l1)
Certified value Analytical methods Certified value Analytical methods
Pb (0.005) 1,2 Pb 10.1 £0.2 1,3,6
Cr 0.15+0.01 1,3,6 Cr 10.1 £ 0.2 1,3,6
Cd 0.0023 + 0.0007 1,2,3 Cd 1.01 = 0.01 1,3,6
Se (0.13) 1,4 Se 5.0 0.1 1,4,6,7
As 0.24 = 0.03 1,4 As 53=0.2 1,4,6,7
Cu 0.57 = 0.07 1,2,3,6 Cu 10.3 £0.2 1,3,6
Fe 4.7+03 1,3,6 Fe 56 =1 1,3,6
Mn 0.125 = 0.007 1,3,6 Mn 50=*0.1 1,3,6
In 0.19+0.03 1,2,3,6 Zn 10.2*0.3 1,3,6
B 8.6=*0.3 1,3 B 59%1 1,3
Al 19.0 0.9 1,3,6,10 Al 67+ 1 1,3,6,10
Ba 0.60 = 0.02 1,3 Ni 9.9+0.2 1,3,6
Mo 0.38 £0.01 1,3 Be 0.99 £0.04 1,3,6
U 0.0029 £ 0.0002" 1 Ba 0.60 = 0.01 1,3
Alkaline and alkaline earth elements (unit: mg/1) g() 0 00622 f 88(1) 01 1'3
K 0.57 = 0.02 1,3,5,6,8,9 ’ o
Na 4.4 £0.1 1,3,5,6,8,9 Alkaline and alkaline earth elements (unit: mg/1)
Mg 2.85 +0.04 1,3,5,6,9 K 0.57 £0.01 1,3,5,6,8,9
Ca 12.0 £0.2 1,3,5,6,9 Na 4.33 £ 0.07 1,3,5,6,8,9
. ; . Mg 2.83 £ 0.03 1,3,5,6,9
Analytical methods — 1: ICP-MS, 2: ID-MS (isotope dilution Ca 12.9 0.9 1,3,5.6,9

mass spectrometry), 3: ICP-AES, 4: Hydride generation ICP-
AES, 5: Flame AAS, 6: Electrothermal AAS, 7: Hydride gen-
eration AAS, 8: Flame spectrophotometry, 9: Ion chro-
matography

Table 62 Certified values for JSAC 0301-2 (natural
river water) (unit: pg/l1)

Analytical methods — 1: ICP-MS, 2: ID-MS (isotope dilution
mass spectrometry), 3: ICP-AES, 4: Hydride generation ICP-
AES, 5: Flame AAS, 6: Electrothermal AAS, 7: Hydride gen-
eration AAS, 8: Flame spectrophotometry, 9: Ion chro-
matography
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1) K. Okamoto: Accreditation and Quality Assurence, 2,
157 (1997).

2) JIS Z 8402, S HiaBROFEA MR (1999).

3) JIS Q 0034, HEEWHDEED-DODME Y AT A
st (2001).

4) JIS Q 0035, FRHEYH O FEIE—MHI & HEETA R HI
(1997).

Certified value Analytical methods
Pb (0.005) 1,2
Cr 0.16 = 0.01 1,3,6
Cd 0.0020 = 0.0003 1,2,3
Se (0.11) 1.4
As 0.23 = 0.06 1,4
Cu 0.58 = 0.09 1,2,3,6
Fe 52x0.2 1,3,6
Mn 0.137 = 0.006 1,3,6
Zn 0.16 = 0.04 1,2,3,6
B 9.0+ 0.5 1,3
Al 20.4 = 0.8 1,3,6,10
Ba 0.59 = 0.02 1,3
Mo 0.40 = 0.02 1,3
U 0.0029 = 0.0001 1
Alkaline and alkaline earth elements (unit: mg/1)
K 0.57 £ 0.02 1,3,5,6,8,9
Na 4.3*0.1 1,3,5,6,8,9
Mg 2.81 = 0.05 1,3,5,6,9
Ca 12.1 £0.3 1,3,5,6,9

Analytical methods — 1: ICP-MS, 2: ID-MS (isotope dilution
mass spectrometry), 3: ICP-AES, 4: Hydride generation 1CP-
AES, 5: Flame AAS, 6: Electrothermal AAS, 7: Hydride gen-
cration AAS, 8: Flame spectrophotometry, 9: Ion chro-
matography
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The Japan Society for Analytical Chemistry has developed new certified reference materials
(CRMs) (JSAC 0301-1, JSAC 0301-2, JSAC 0302) for the analysis of 18 elements in river water. A
study team has been organized to prepare two kinds of water for reference materials: one is nat-
ural river water, and the other is water spiked with small amounts of some elements to the river

water. Interlaboratory testing, in which 30 laboratories participated, was carried out.

In a sta-

tistical analysis of all data, z scores in a robust method were applied to reject outliers, followed by

the usual statistical procedure.

Keywords : river water; certified reference material ; inorganic components; interlaboratory test-

ing.
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