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Ultratrace elements in natural water samples were determined simultaneously by airsegment-
ed flow-injection/inductively coupled plasma-mass spectrometry (SFI/ICP-MS). A small vol-
ume of the sample solutions (80 ul) was introduced into a nebulizer by an airsegmented flow-
injection (SFI) system, and a maximum of fifteen elements were measured during each run. A
chitosan-based chelating resin containing functional groups of iminodiacetate was used to sepa-
rate and enrich analyte metal ions. A 50-fold preconcentration using 50 ml of sample solutions
was achieved by the proposed method, where 1 ml of 0.1 M nitric acid was added to residues
after drying the chelating column effluent. At pH 6, several heavy metals (Fe, Ni, Co, Cu, Zn,
Ag, Cd, Pb and U) and rare earth elements (REEs) were quantitatively retained on the chelating
resin column, whereas alkali and alkaline earth metals were eluted from the column by rinsing
with 5 ml of a 0.2 M ammonium acetate solution. Metals adsorbed on the chelating resin col-
umn were recovered by elution with 10 ml of 1 M nitric acid. The proposed method was
applied to the determination of trace elements in several natural water samples, such as river
water and mineral drinking water.

Keywords : ICP-MS; segmented-flow injection; chelating resin; chitosan; iminodiacetic function-
al group; natural waters; preconcentration.
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Table 1 Comparison of LODs (limits of detection) Table 2 Reproducibility of metal signals at wide
for trace metals obtained by SFI/ICP-MS range concentrations (10 order) in the
and with those contained by normal ICP-MS measurement with SFI/ICP-MS

LOD/ng ml™'? RSD, %"
Element m/z Element

SFI” Nomal” 07 107 107t 10" 10 10%
Li 7 0.014 0.002 v 20 8.0 4.6 2.8 3.5
B 11 0.09 0.015 Cr 3.0 2.8 4.1 0.9 1.2
Al 27 0.04 0.003 Mn 1.0 5.5 3.5 1.8 1.6
Ti 48 0.015 0.002 Fe 2.6 1.6 35 1.7 1.5
\% 51 0.06 0.017 Ni 20 14 3.2 2.3 0.4
Cr 52 0.02 0.006 Co 11 7.0 3.1 2.4 2.1
Mn 55 0.019 0.002 Cu 6.3 1.7 4.0 2.9 1.5
Fe 57 1.3 0.25 Zn 2.7 7.6 4.2 1.9 2.7
Ni 58 0.05 0.007 As 30 15 3.6 4.2 2.0
Co 59 0.008 0.002 Mo 25 21 7.0 3.2 2.6
Cu 65 0.054 0.013 Ag 20 8.4 29 1.8 1.7
Zn 66 0.11 0.016 Cd 24 11 4.8 1.7 1.6
Ga 69 0.013 0.002 Pb 6.1 38 39 4.3 3.7
As 75 0.039 0.025 U 38 11 4.8 2.5 1.9
Se 78 0.56 0.08 Y 18 7.2 0.9 1.7 1.9
Rb 85 0.016 0.002 Ce 7.2 6.7 2.7 1.6 2.1
Sr 88 0.02 0.002 La 15 6.7 5.2 2.4 1.4
Y 89 0.00036 0.00009 Pr 27 7.4 3.5 2.1 2.5
Zr 90 0.018 0.003 Nd 14 16 5.3 2.5 2.4
Mo 98 0.028 0.002 Sm 5.7 13 3.0 1.9 1.4
Pd 105 0.019 0.007 Eu 12 11 3.7 1.1 2.3
Ag 107 0.011 0.002 Gd 27 10 6.2 2.5 1.1
Cd 114 0.005 0.001 Tb 26 6.5 1.6 2.1 1.4
Sn 120 0.03 0.002 Dy 29 10 2.1 2.0 1.6
Sb 121 0.02 0.004 Ho 10 6.2 1.0 2.5 0.7
Te 130 0.014 0.007 Er 18 59 4.4 2.2 1.5
Cs 133 0.0012 0.0009 Tm 5.0 8.7 3.0 1.6 2.4
Ba 138 0.008 0.002 Yb 20 13 5.9 2.2 3.9
La 139 0.00038 0.00013 Lu 27 7.9 2.6 1.7 2.0
Ce 140 0.00043 0.00014 A .
Pr 141 0.00012 0.00007 a) RS.D: relatl\'/e standard deviation 7(]n = 10).
Nd 146 0.0011 0.00055 b) Mixed solutions of metals (ng ml ).
Sm 147 0.00074 0.00033
Eu 151 0.00023 0.00022
Gd 157 0.00061 0.00060 Table 3 Metal recovery in the procedure of chelat
Tb 159 0.00018 0.00007 ing column preconcentration
Dy 164 0.00034 0.00009
Ho 165 0.00012 0.00007 Element  Recovery, %" Element  Recovery, %"
Er 166 0.00029 0.00013 Li <01 Sb 159
Tm 169 0.00015 0.00005 B 4+1 Te 2+0.9
Tbh 174 0.00027 0.00009 Al 101 + 3 Cs <01
Lu 175 0.00017 0.00008 Ti 48 + 4 Ba <1.0
w 184 0.014 0.002 v 90+ 9 W =<3
Pb 208 0.03 0.003 Cr ix05 Pb 95 + 6
U 238 0.008 0.001 Mn 50+ 5 U 98+ 3

a) LOD: limits of detection, 0.1 M nitric acid, 30 (n = 10). Fe 96 £ 3 Y 99+ 2

b) SFI: air segmented flow injection/ICP-MS mithod Ni 99 £ 2 La 101 = 2

¢) Nomal: normal ICP-MS method Co 98 =2 Ce 102+3

Cu 100 £ 3 Pr 100 = 2

Zn 98 =5 Nd 98 +4

Ga 85 %3 Sm 99 = 2

DOESEITH 105, HTFUEBT2~3HEEER As 52 % 4 Eu 100 =2
90 + +

{oTOBH, TRNENELRBET 1 ppb, MR o AN by RO

BET 0.1 ppb EL NV OERITIE TS TH o7, A HE Sr <02 Dy 973

TR ES BB SRR OE T 1045 < 5V R o e B RO

DI, BEHRFIET 5 BAIF D% (HEREZ Pd 5%2 Tm 96 3
+ +

T, RNy T Ty FOEBENE ) ASLI a8 ot » s

WERNTLLEZOND. Sn 141

a) Figures with = mean standard deviation (SD, n = 7).
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Table 4 Analytical results for trace metals in river waters by SFI/ICP-MS
Found/ng ml™!
Shiogama Asahi R. (middle) Asahi R, (down) Takahashi R. Yoshii R.
Element m/z

direct column direct column direct column direct column direct column

(n=5) (n=3) (n=5) (n=3) (n=53) (n=23) (n=5) (n=23) (n=5) (n=3)
Li 7 0.66 n.d. 0.16 n.d. 0.16 n.d. 0.25 n.d. 0.11 n.d.
B 11 4.25 (4) 5.90 %) 6.37 (6) 5.48 (5) 6.68 7)
Al 27 4.63 4.40 280 310 160 150 18.5 16.0 28.4 23.7
Ti* 48 14.7 0.39 34.5 3.51 34.1 1.72 59.6 1.60 25.8 2.5
V* 51 3.49 3.01 3.40 1.44 2.01 0.99 2.65 0.68 2.06 0.76
Cr 52 0.28 (0.3) 0.52 (0.5) 0.37 (0.3) 0.29 (0.3) 0.10 0.1)
Mn 55 0.11 0.12 95.1 90 115 105 6.64 6.2 9.70 9.3
Fe* 57 23.5 0.58 370 150 150 37 160 11 130 38
Ni* 58 0.58 0.35 3.70 2.84 0.90 1.10 1.30 1.38 0.64 0.89
Co* 59 0.034  0.030 0.53 0.51 0.36 0.37 0.09 0.04 0.08 0.06
Cu 65 1.50 0.74 2.20 2.49 2.05 2.82 2.29 2.10 2.04 1.88
Zn 66 1.85 1.30 5.25 4.20 13.0 13.6 3.99 3.50 1.42 1.80
Ga 69 0.13 0.09 0.30 0.34 0.28 0.23 0.11 0.08 0.12 0.16
As* 75 0.31 0.37 1.85 0.74 1.27 0.61 1.89 0.54 0.75 0.60
Se 78 0.12 0.1) 0.13 (0.1) 1.75 (2) 2.08 (2) 0.01 (0.01)
Rb 85 4.42 n.d. 1.44 n.d. 1.37 n.d. 1.26 n.d. 0.95 n.d.
Sr 88 39.6 n.d. 52.5 n.d. 54.1 n.d. 57.5 n.d. 50.4 n.d.
Zr 90 0.15 n.d. 0.18 n.d. 0.08 n.d. 0.07 n.d. 0.06 n.d.
Mo 98 0.15 (0.2) 0.50 (0.5) 0.54 (0.6) 0.42 (0.4) 0.34 0.4)
Pd 106 0.10 n.d. 0.10 n.d. 0.13 n.d. 0.24 n.d. 0.03 n.d.
Ag 107 n.d. 0.012 n.d. 0.016 n.d. 0.017 n.d. 0.012 n.d. 0.010
Cd 114 0.04 0.03 0.05 0.06 0.18 0.14 0.06 0.06 0.04 0.03
Sn 120 0.09 (0.1) 0.06 (0.1) 0.05 (0.06) n.d. n.d. n.d. n.d.
Te 130 0.09 n.d. 0.22 n.d. 0.39 n.d. 0.19 n.d. 0.04 n.d.
Sb 121 0.06 (0.05) 0.08 (0.07) 0.08 (0.09) 0.08 (0.08) 0.10 (0.08)
Cs 133 0.42 n.d. 0.06 n.d. 0.01 n.d. 0.01 n.d. 0.01 n.d.
Ba 138 0.70 n.d. 13.0 n.d. 22.4 n.d. 8.46 n.d. 6.25 n.d.
w 184 0.09 n.d. 0.10 n.d. 0.06 n.d. 0.05 n.d. 0.05 n.d.
Pb 208 0.51 0.50 2.84 3.08 2.23 2.28 1.04 1.07 1.30 1.11
U 238 0.073  0.068 0.044 0.059 0.031 0.039 0.043 0.048 0.036 0.038
Y 89 0.0012 0.0015 1.23 1.23 0.81 0.82 0.057 0.056 0.091 0.089
La 139 0.0009 0.0010 1.36 1.09 0.92 0.60 0.053 0.048 0.10 0.090
Ce 140 0.0052  0.0048 1.74 1.80 1.09 0.99 0.082 0.079 0.16 0.13
Pr 141 n.d. 0.0007 0.32 0.36 0.17 0.17 0.014 0.014 0.025 0.023
Nd 146 n.d. 0.0024 1.33 1.30 0.64 0.65 0.043 0.049 0.095 0.081
Sm 147 n.d. 0.0026 0.26 0.27 0.14 0.13 0.011 0.011 0.024 0.019
Eu 151 n.d. 0.00006 0.062 0.059 0.031 0.027 n.d. 0.0021 0.0047 0.0037
Gd 157 n.d. 0.00043 0.28 0.29 0.15 0.15 0.016 0.0013 0.025 0.022
Th 159 n.d. 0.00006 0.047 0.049 0.024 0.027 n.d. 0.002 n.d. 0.0036
Dy 164 n.d. 0.00023 0.23 0.24 0.13 0.13 n.d. 0.010 0.015 0.0018
Ho 165 n.d. 0.00005 0.040 0.043 0.021 0.025 n.d. 0.002 n.d. 0.0037
Er 166 n.d. 0.00017 0.11 0.12 0.064 0.072 n.d. 0.0067 0.011 0.012
Tm 169 n.d. 0.00002 0.011 0.014 0.0093  0.0093 n.d. 0.0009 n.d. 0.0017
Yb 174 n.d. 0.00010 0.066 0.076 0.045 0.051 n.d. 0.0059 0.008 0.010
Lu 175 n.d. 0.00003 0.008 0.010 0.0057  0.0076 n.d. 0.0009 n.d. 0.0017

n.d.: not determined. * These elements are susceptible to the interference from polyatomic ions.

3-2 RIFEIRFE DRE

SFI/ICP-MSIZ X B M EREERB7:0, TELRES
B lERCEFIETEIIODVT, 1000 F—5—lb
S>TENEN S BEOSFRERGEERKZH T, 10
E#E Y RELHEL. ZOKEEPRIC, ZHEOKBREL
NNV B T LG ERFERE (RSD%) Rk, #HE%
Table 212F L/, FHEBYVEBDBEIEL 2B
DONTRSDEIRPEL HoTWD, EEBOBEITE
120 X525 #1ngml ' BLETRSD 5% YA, &THFC

FHTIZ 01 ngml ' LLETIE BB L RSD 3.5% LLAIC
WrEwIERPBLN, BEOETFARI P XY
—Tid, RSDIZ 6% BETHEETNTHDT, HER
BTh Ingml ' D EOBETCEHEOWCHERIBOLN
BLDEEZEZTRW,

3.3 EXEOHKRET
IDA I M U8R (CI03) KEI=H T LIZX 5
BELBERUGIECEORNELFRL -0, 2HED
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ALK EHBL, SESHE - BRERERGICO VTR
Hetfior:. EEBMERHONTMIIKIZ, HHETS
30 TEDEEAZNEN Ingml ' 1XhBEHIC, FLH
Ao ANTEIKE, HB 15 LEOBEEZZLEN 10
pgml % X R L. B OIS K
& LT Nag0, K10, Ca50, Mg15ugml™' Z@ML 7.
TML - EEERSOBRER, BAROMIIKOFEHMEL D
MESVEETHLD. MILEICL 5BEERE, 0L
LTCEMERELS. &4 7RKONBOI=A56%H
WT, 24 KR LAFHBICESH TR L7z, BERORE
BRRE R Table 30T LD TRLZ. EEBE T Fe,
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Fig. 1 REEs patterns of river waters in Okayama
Prefecture

& : Shiogama; W : Asahi R. (middle); A : AsahiR.
(down); @ : Takahashi R.; O : Yoshii R.
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#EE 27, Lal, 79 A458RME2HRATRE 3L
AEART MNWRIEARY FATEHD L 5D TIRED
WREEND LM Ty B LN — K, ALETER
OEETIX, AHEICLD DS A58 BRELITAIE, Ba
MEEALBREIND D, BabbDANRY MUTF#IT
WMHETESL., FL—MEI» AR LALHESIRZY
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Fig. 2 REEs patterns of mineral drinking waters
@® : Shasta; 7 : Oirase; & : Rokko; W : South Alps.
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Table 5 Analytical results for trace metals in mineral drinking waters by SFI/ICP-MS
Found/ng ml™'
Element /e Shasta Oirase Rokko South Alps

direct column direct column direct column direct column

(n=25) (n=3) (n=2>5) (n=3) (n=D5) (n=3) (n=2>5) (n=3)
Li 7 20.4 n.d. 0.10 n.d. 2.87 n.d. 1.20 n.d.
B 11 26.9 (30) 5.72 5) 28.6 (30) 3.70 (4)
Al 27 0.80 0.82 0.25 0.27 0.40 0.41 0.11 0.09
Ti* 48 23.1 0.71 23.6 0.48 85.4 3.38 35.7 0.78
Vi 51 72.4 26.5 17.8 1.06 24.1 0.39 11.5 0.65
Cr 52 2.00 (2) 1.09 (1 1.37 ()] 0.35 (0.2)
Mn 55 0.19 0.23 2.30 2.20 0.24 0.22 0.27 0.27
Fe* 57 44 0.02 53 0.01 150 0.39 76 0.01
Ni* 58 0.42 1.02 0.20 0.19 0.31 0.33 0.18 0.24
Co* 59 0.034 0.030 0.53 0.51 0.36 0.37 0.09 0.04
Cu 65 0.7 0.83 0.59 0.71 0.60 0.55 0.35 0.36
Zn 66 0.64 1.01 0.37 0.36 0.23 0.27 0.25 0.18

>a 69 0.45 0.43 0.25 0.26 0.51 0.45 0.23 0.25

As* 5 3.47 0.68 3.22 0.34 1.70 0.64 1.77 0.35
Se* 78 0.83 (0.5) 1.69 0.2) 1.54 (0.1) 1.76 (0.4)
Rb 85 5.14 n.d. 1.67 n.d. 0.05 n.d. 0.07 n.d.
Sr 88 67.1 n.d. 32.1 n.d. 123 n.d. 29.0 n.d.
Zr 90 0.05 n.d. 0.03 n.d. 0.04 n.d. 0.03 n.d.
Mo 98 0.38 (0.5) 0.34 (0.3) 2.61 (2) 1.39 (2)
Pd 106 0.29 n.d. 0.34 n.d. 0.28 n.d. 0.33 n.d.
Ag 107 n.d. 0.012 n.d. 0.009 n.d. 0.007 n.d. 0.015
Cd 114 0.066 0.062 0.065 0.063 0.078 0.076 0.067 0.070
Sn 120 0.014 (0.01) 0.046 (0.05) 0.026 (0.03) 0.025 (0.03)
Sb 121 0.18 (0.2) 0.039 (0.04) 0.11 0.1) 0.11 (0.1)
Te 130 0.13 n.d. 0.14 n.d. 0.19 n.d. 0.14 n.d.
Cs 133 0.27 n.d. 0.06 n.d. 0.005 n.d. 0.005 n.d.
Ba 138 2.92 n.d. 1.64 n.d. 8.14 n.d. 3.71 n.d.
w 184 0.08 n.d. 0.01 n.d. 0.02 n.d. 0.04 n.d.
Pb 208 0.69 0.83 0.23 0.21 0.43 0.44 0.41 0.39
U 238 0.12 0.14 n.d. 0.007 0.022 0.019 0.064 0.054
Y 89 n.d. 0.030 n.d. 0.018 n.d. 0.00064 n.d. 0.0087
La 139 n.d. 0.0029 n.d. 0.00081 n.d. 0.00087 n.d. 0.00044
Ce 140 n.d. 0.0022 n.d. 0.00063 n.d. 0.0017 n.d. 0.00057
Pr 141 n.d. 0.00073 n.d. 0.00039 n.d. 0.00023 n.d. 0.00008
Nd 146 n.d. 0.0039 n.d. 0.0024 n.d. 0.00080 n.d. 0.00003
Sm 147 n.d. 0.00092 n.d. 0.00069 n.d. 0.00009 n.d. 0.00007
Eu 151 n.d. 0.00021 n.d. 0.00011 n.d. 0.00003 n.d. 0.00003
Gd 157 n.d. 0.0015 n.d. 0.0011 n.d. 0.00011 n.d. 0.00015
Th 159 n.d. 0.00029 n.d. 0.0002] n.d. 0.00003 n.d. 0.00007
Dy 164 n.d. 0.0018 n.d. 0.0013 n.d. 0.0001 n.d. 0.0011
Ho 165 n.d. 0.00054 n.d. 0.00037 n.d. 0.00002 n.d. 0.00047
Er 166 n.d. 0.0020 n.d. 0.0012 n.d. 0.00007 n.d. 0.0032
Tm 169 n.d. 0.00033 n.d. 0.00020 n.d. 0.00001 n.d. 0.0008
Yb 174 n.d. 0.0019 n.d. 0.0013 n.d. 0.00008 n.d. 0.0073
Lu 175 n.d. 0.00041 n.d. 0.0002 n.d. 0.00002 n.d. 0.0015

n.d.: not determined.

FERICELTREIZPHETEZVY, ThHELRBEED
WM THRBOABIEEIC L2 0EEZ6NE, HiTHE
DOEAEIIE, ZRMIIABOBEZTISETRONASGLD
D, Fig. VWIRTLHIEH TSy - 33— HL TS
ZEnb, NBEEBCL230L0 L LN LE
w3 hbbilIBoREOELP HERFOH TEITED
BICEY, ZOHFERMEZ-bDEEZ 6N 5.

* These elements are susceptible to the interference from polyatomic ions.

35 SFI/ICP-MSIC&ZIXTNT+—4—RAEOS
il

1 EEOMHI ATV + — & —O5HE, KRR
EHFRICAT o 72, #ER% Table 5 (R L7z, FCHL -
ik, IAINVY - —RBFOR/mLEOMFAEEIL
sub-ppt L XV TH D, B ILDOWENIKIZEAIEF I 2
ETHo7. LIhoT, ¥XTCOFGIEITFEOEE AR
BAZ L 2 ERIIATREL B L7, Fig. 21270y b L
TRBFOF LS =GB LN, U AT KIE
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AR & AR KSR OBAEAL (Leedey Chondrite)
L7ty — U EWICE S BTw B, Th o DffRIZ
BOMBREL M T 272005 F IR0 Mhk .
DX, ERBKEBE, SRR EERIZERLEZNR
WELEH/HI I~V ERLTVD20, TRHLDOTF—5 %
HONIZHERM LT IZ D B 5 A KO ERBIN~DOFH
bHifFCTE 5.
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