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Determination of 44 Elements in Groundwater by Inductively
Coupled Plasma-Mass Spectrometry

MA Sheng-feng, WEN Hong-li, XU Jun-yu, QU Wen-jun, CAO Ya-ping
(National Research Center for Geoanalysis, Beijing 100037, China)

Abstract; 44 kinds of elements in underground water were simultaneously analyzed by inductively coupled
plasma-mass spectrometry (ICP-MS) , which only took about 2 ~3 minutes for each sample. The detection limits
of the method for the analytes were in the range of 0. 002 ~ 0. 981 pg/L and the recoveries were 90. 0% ~
110.0% with precision of lower than 10% RSD (n =10) for most of the elements, which satisfied the technical
standard requirements of quality control for inorganic analysis in underground water quality survey. The method
provides the advantages of low detection limits, high precision and accuracy, high efficiency and has been
successfully applied to routine analysis of these elements in groundwater samples.
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Table 1 ~ Operating parameters of ICP-MS
THEH BOEH ThZH BOEMH
% 1350 W SRR 1.0 mm
BHS R (Ar) 13.0 L/min U 0.7 mm
AR (A 0.70 L/min T Jr X i
Fasi e (Ar)  0.85 L/min EEELTC 40 &

1.2 g5

HNO, (p =1.42 g/mL) : L 40

Ak 2RIk 2 Mili - Q Zifb RGE4ifL, B
TARIBE] 18 MQ - em, (T AR R K AP A7 OC R
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Table 2 Concentrations of the elements in multi-element

calibration standard solutions
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T p/ (g L7
La,Ce Pr Nd Sm Eu.
Bhr 1 Gd,Th Dy ,Ho Er ,Tm, 20 3 mol/L HNO,4
Yb.lu.Y
Li . Be,Cr,Mn,Ni, Cu,
Zn B, Ge, Co, Rb, Sr, 2
B2 Mo.Cd,Cs,Ba Tl Pb, 3 mol/L HNO,4
Bi,Th .U
Al 100
. 50 ¢/ LA,
H r -
BIF3 W.Sh.Ti 20 6 mol/L HNO,
As .V Ag B 20
k4 S 18 3 mol/L HNO,
Hg 5
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1.3 g
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U £ 1 2 TR IR A AR S 2 T oy IR R
il 28 A N A RS HE AR HE S - B 100 wL ZICRIR G
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Table 3 The selected measurement isotopes, inner-standard
elements, detection limits, interference elements and
correction factors
SR 3 1 SO e Y|
L B P A T 7 S
JCE . O i [Fl v %
(pg LY (pg-L71)
7L 103Rh 0.034  0.034 ~200
9Be 103Ry  0.007  0.01~50
g 103Ry  0.682  0.7~100
2751 103Ry  0.981  2.0~200
47T 103RE 0.436 0.5 ~200
Sy R, 0013 01134100 L, 530,520
2. 103 [53Cr-0.113 x32Cr] ’
Cr 'Rh  0.064  0.07~100
SS\Mn 193RK  0.045  0.05~100
0o 103Rh  0.017  0.02~100
GON; 103Ry  0.326  0.40 ~100 H“elop  Hc,
65cy 103k 0.370  2.0~200 4713160 S0y
667n 103Rh  0.406  0.45 ~200
74Ge 103RK 0.042  0.05~100
TSAs 103Rh 0,606 0.6~200  -3.1322 x40A37Cl ¢l
SSRL 1%Rh  0.040  0.04~100
88 103RR  0.036  0.04 ~2000
89y 103gp  0.010  0.01~50
98Ru
%Mo 19Rh  0.034  0.04~100  -0.146x%Ru ., Ru,Fe
Fe*VAr
1077g 103k 0.005  0.01~100
Hdcq 103Rp  0.048  0.05~50 ~0.0846 x 1178y lidg,
121, 103g 0,018 0.02~100
133¢g 103 0.005  0.01~50
137Ba 103Rh  0.141  0.15~100
1390, 185R, 0,008  0.008 ~100
140Ce 185 0.005  0.005 ~ 100
141p, 185Re  0.005  0.005~50
146Nd 185Re  0.006  0.006 ~ 500
147G, 185Re 0005 0.005 ~50
]53Eu 185Re 0.003 0.003 ~50 137B€1160 137Ba
1764 185Re 0.008  0.008 ~50 14:2?;:6(21 1400, 141py
1597}, 185R¢ 0,002 0.002~50 - 147X 143Ng160) 1611y, 163
(191Dy -0.76 x 163Dpy) !
163py 185K 0,003 0.003 ~50
165K, 185Re  0.002  0.002~50
1665 1858 0.003  0.003 ~50
1697y, 185R¢ 0005 0.005 ~50
172y}, 185Re¢  0.005  0.005 ~ 100
1751, 185R¢ 0,002 0.002~20
182y 185Re  0.007  0.01~50
202(, 185Re  0.099  0.099 ~20
205T] 185R  0.005  0.005 ~ 100
208pp, 185Re  0.12 0.12~50
209; 185Re  0.002  0.002~50
22, 1858 0.005  0.005 ~50
28y 185K, 0.005  0.005 ~50
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Table 4  Precision tests of the method Table 5 Recovery tests of the method
y Ny Ve fiE Tyl {E
. HE 2 gt AREE /(ffﬁ(iﬁ.fi_]) ffes /(mm.ry]é-l) Eles
R T . T . % pu/lpg- L) 2t R R/%
RSD/% RSD/% ENNZ AN e e
o/ (pg- L7 o/ (pg- L7 bRE W bR W
Li 8.47 6.4 12 4.46 Li 8.47 10.0  18.79 103.0 50.0 58.77 101.0
Be 7.46 4.36 10.8 3.68 Be 7.46 0.0 17.3  98.0 50.0 57.6 100.0
B 303 0.50 328 0.60 B 303 2.0 320 87.0 100 408  106.0
A} 270 3.05 32 3.12 Al 270 200 293 1140 100 385 114.0
hi 978 >.16 4.6 13 Ti 9.78 20.0  33.7 120.0 100 127 117.0
v 13.0 5.04 18.5 3.20
o 9.0 3.06 141 440 v 13.0 10.0  23.8 109.0 100 119 106.0
Mn 127 0.96 210 3.05 Cr 92.0 20.0 111 93.0 100 190 98.0
Co 3.66 3.39 4.69 5.65 Mn 127 200 144 8.0 100 223 96.0
Mi 85.2 0.34 114 2.54 Co 3.66 0.40 405 97.5 4.00 7.55 97.3
Cu 90.3 4.31 112 4.67 Ni 85.2 200 104 92.0 100 186 101.0
Zn 157 2.14 183 3.98 Cu 9.3 20,0 112 109.0 100 193 102.0
Ge 0.07 153 0.07 5.1 In 157 200 175  90.0 100 268 111.0
As 6.6 232 120 b2t Ge 0.07 0.40  0.49 106.0 4.00 4.25 104.0
Rb 10.2 9.50 19.3 9.90
S 2634 215 311 39 As 65.6 20.0 84.6 95.0 100 161  96.0
y Lol 7.29 1.37 3,49 Rb 10.2 0.40 10.65 115.0 4.00 14.3 103.0
Mo 70.9 1.89 98.4 2.78 Sr 3634 20.0 3668 100 x %
Ag 3.30 4.25 3.66 2.36 Y 1.011 0.0l 105 100 2.19 118.0
G 6.63 1.78 11.66 3.18 Mo 70.9 20 91.9 105.0 50  120.4 99.0
Sb 5.32 2.58 10.94 3.64 Ag 3.30 10,0 126 93.0 100 9.7 88.0
Cs 0-09 475 0.16 A d 6.63 200 28.8 111.0 4.00 10.1 86.0
Ba 73 2 312 SR Sh 5.32 20.0 248  97.0 100 105 100.0
La 0.125 3.59 0.185 3.29
Ce 0.110 2 03 0.145 < Ug Cs 0.09 0.40 0.53 109.0 4.00 4.49 110.0
Pr 0.066 2.96 0.103 4.03 Ba 173 20.0  193.4 101.0 100 286 113.0
Nd 0.094 9.44 0.123 12,0 La 0.125 0.0l 0.146 =  1.00 1.26 114.0
Sm 0.024 4.33 0.054 4.69 Ce 0.110 0.0 0.127 %  1.00 1.20 109.0
Eu 0.106 10.1 0.161 4.48 Pr 0. 066 0.0  0.077 1140 1.00 1.14 107.0
Gd 0.031 4.81 0.045 12.7 Nd 0.094 0.00  0.103 940 1.00 1.11 102.0
T 0.007 10.0 0.014 12.4 Smo 0.024 0.0l 0.03 1240 1.00 1.09 107.0
Dy 0.025 791 0.036 6.93 Eu 0.106 0.01 0.115 88.0 1.00 1.11 101.0
Ho 0.008 9.40 0.018 8.45
Er 0.004 16.3 0.033 (5.7 Gd 0.031 0.0 0.043 118.0 1.00 1.05 102.0
Tm 0.010 5.59 0.012 8.33 Tb 0.007 0.01  0.018 110.0 1.00 1.04 103.0
Yb 0.025 11.2 0.03 8.82 Dy 0.025 0.01 0.033 80.0 1.00 1.02 100.0
Lu 0.013 4.68 0.013 5.60 Ho 0.008 0.0l 0.018 102.0 1.00 1.05 104.0
W 0.338 6.56 0.571 1.86 Er 0. 024 0.0 0.034 98.0 1.00 1.06 104.0
Hg 0.045 - - - Tm  0.010 0.0  0.02 1040 1.00 1.03 102.0
n 1. 084 3.38 1731 4.25 Yb o 0.025 0.0l 0.037 120.0 1.00 1.00 97.0
P 30.2 0.71 38.3 0.21 Lu 0.013 0.01 0.021 8.0 1.00 1.03 102.0
Bi 0.120 9.40 0.25 6.84
™ L1l 799 2 15 5 08 W 0.338 200 20.7 102.0 100 106  106.0
U 5.08 0.84 5.43 2.71 Hg 0.045 .00 0.991 95.0 5.00 4.95 98.0
T 1.084 0.40 1.48 100.0 4.00 4.73 91.0
2.5 IkAnGALS Pb 30.2 20.0 48.53 91.0 100 127 97.0
IPERIERIRIATRSE FIMAARE LIE 0l w e s s
ST ICR AT T bR NG . By KA 1, 0 U 5.08 0.40 550 1050 4.00 837 82.0
TN A EARHR BE FTR A R VAR, AU B AR iR AT @ = FoRMbRA LR TR 1 SR IE I 10%
> EF\/r [16] > — SRS il A %2
BRCREE A SR RIS ) S it A BT 1155 110.0% . 752 e [ 5 615 0 0 B 5 4 A b

AR FEHEA T AR, FAOAR AR BE 0 7 45 2R e o]
PRI 5, & IJC R B B (R) 75 80. 0% ~
120.0% , 1M H. 2 $oo % (9 [ R 7E90. 0% ~

YED T TEHILZEL 43 I3 T A R SR Lk A X
T A T2 bR [l AR A vk AR A T R (Ut
Eu Dy Lu %§) .
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