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Simultaneous Determination of Twenty Elements in Wastewater
by ICP - MS with Microwave Digestion

YUE Taixing LI Xiao5ing LI Hongdi ZHAO Yan-ang
( Shandong Province Environmental Monitoring Center Jinan Shandong 250101 China)

Abstract: Twenty kinds of elements such as Be V. Cr Mn Co Ni Cu Zn As Se Mo Ag Cd
Sb Ba Hg Tl Pb Th and U in wastewater were simultaneously determined by inductively coupled plasma
mass spectrometry with microwave digestion. After test results comparison of 5 digestion systems for the
wastewater HNO,; + H, 0, system was finally taken for the determination. The calibration curves showed a good
linearity from 5.00 pg/L to 500 wg/Lfor Be V. Cr Mn Co Ni Cu Zn As Se Mo Ag Cd Sb Ba
Tl Pb Thand U and from 0.050 pg/L to 2. 00 wg/L for Hg. Detection limits ranged from 0. 01 pg/L to
0.2 pg/L. Test results of national standard material meet the requirements. RSD of duplicated wastewater sam—
ples test ranged from 2. 6% to 6.5% . Spiked recoveries ranged from 84% to 110% .

Key words: Element; Microwave digestion; Inductively coupled plasma mass spectrometry ( ICP -
MS) ; Wastewater
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; CEM MARS XPRESS
; Millipore Advantage A10
Millipore o
10.0 mg/L Be. V. Cr.Mn. Co.Ni. Cu. Zn. As.
Se<Mo.Ag.Cd.Sb.Ba.Tl.Pb.Th.U

Agilent

Agilent ; 100 mg/L Hg
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( Li.ScGe-Rh.In\Th.Lu.Bi 100 mg/L) Ag-
ilent 5% 1.00 mg/L;
(99.999%) .
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20 mL (
)
( 1)
o lh~2h
50 mL .
( 2 )o
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Table 1 Procedure for microwave digestion
t/min 0/°C t/min
1 5 120 1
2 5 150 5
3 5 175 10
. Babington ;
; 0.1 r/s; S/C
2 C; ; RF 1 300 W,
8.1 mm; 1.04 L/min; Spec—
trum; 3 Se.Cd-Hg 2s As
ls 0.3 so
2
2.1
o 4
1
9 + -1
+ ~ +
2,
2 4 mL + 1 mL N
2.5 mL +2.5 mL 4 mL +1 mL
3 Cr 65.5% ~
59.0% 122% Cl™
82.9% ~ 118%  82. 5% ~ 108% 75. 5% ~
115% 4 mL 4 mlL +1 mL
20
76.0% ~115% 84.1% ~110% »
4 mL 4 mL +1 mL
; 4 mL +1 mL
4 mL +1 mL
ICP - MS o
4 mL +1 mL
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2 T(n=3) pe/L
Table 2 Spiked recovery test results of water sample” (n =3) peg/L
4 mL 4 mlL +1 mL 4 mL +1 mlL 4 mlL +1 mL 2.5 mlL +2.5 mL
Be 20.0  0.060 92.7 0.020 95.9 0.030 97.4 0.050 102 0.010 105
V. 20.0 56.0 76.0 — 107 — 93.0 0.520 102 8.43 92.8
Cr 20.0 8.69 100 4.90 65.5 8.28 84.1 3.30 122 — 59.0
Mn 20.0 72.0 84.0 21.5 94.0 131 100 55.3 93.5 28.7 91.5
Co 20.0 1.74 96.8 0.890 97.6 5.12 99. 1.19 98.0 0.210 91.0
Ni 20.0 18.2 90.5 0.710 92.4 2.19 94.0 10.3 92.0 1.17 88.2
Cu 20.0 22.4 105 13.0 118 13.8 101 45.3 75.5 4.13 91.8
Zn 20.0 25.8 79.0 5.25 85.2 41.4 87.5 22.7 80.5 2.90 88.5
As 20.0 9.92 79.9 3.40 116 — 91.5 10.0 97.0 14.7 100
Se 20.0  0.040 89.8 3.93 105 — 90.5 0.080 86.6 0.490 9.6
Mo 20.0 2.08 105 10.6 100 0.740 102 1.96 104 2.26 108
Ag 20.0  0.150 90.2 — 92.5 0.010 95.0 — 88.5 0.035 92.8
Cd 20.0 0.050 83.2 0.022 86. 4 0.028 87.9 0.046 82.8 0.017 86.9
Sh 20.0 7.66 82.7 0.120 82.9 2.25 84.8 2.57 82.2 — 82.5
Ba 20.0 864 115 11.5 88.5 29.2 95.0 1.02 x10° 100 15.0 91.0
Hg 0.200 0.110 105 0.61 105 0.100 110 0.120 115 0.100 100
TI 20.0  0.030 91.4 1.01 84.0 0.190 92.0 1.63 84.8 0.520 93.4
Pb 20.0 1.06 103 0. 650 102 0. 860 102 0.750 104 0.180 102
Th 20.0 0.020 101 1.11 89.4 0.510 93.4 0.930 98.4 0.330 99.8
U 20.0 2.81 109 3.58 105 1.32 101 2.24 110 1.31 102
)} % .
2.2 N 100 pg/L Au Hg o
ICP - MS o {
>>( HJ 168 —2010) A“
5.00 pg/L ~500 pg/L 7 7
Be.V. Cr. Mn. Co. Ni. Cu. Zn. As. Se. Mo. Ag. Cd. s MDL =, ;499 X
Sb.Ba.Tl.Pb.Th.U . Hg N ( n="7- 99% t 3.143) . 20
30
0.050 pg/L ~2.00 wg/L Hg
3 20
Table 3  Linear equations and method detection limits for 20 kinds of elements
p/(pg+ L")
Be 9 Y=6.37x103X-1.57x10"? 1.000 0 0.01
' 51 Y=4.46x10"2X -8.09 x10~? 1.000 0 0.07
Cr 53 Y=4.70 x10 *X +2.05 x 10 =3 1.000 0 0.1
Mn 55 Y=5.34x10"2X+2.83 x10 2 1.000 0 0.05
Co 59 Y=5.96x10"2X +2.34 x10 2 1.000 0 0.01
Ni 60 Y=1.40x10"2X +8.12x107? 1.000 0 0.05
Cu 63 Y=3.84x10"2X+5.09 x 102 1.000 0 0.05
7n 66 Y=8.90 x10 33X +3.16 x10 2 1.000 0 0.2
As 75 Y=1.20x10"2X +4.95 x 10 ~* 1.000 0 0.1
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p/(pg- L")
Se 82 Y=5.26x10"*X +2.94 x10 ~* 1.000 0 0.08
Mo 95 Y=7.60x10 73X -1.57 x10 3 1.000 0 0.01
Ag 107 Y=1.58x10"2X-2.10 x10 3 1.000 0 0.02
cd 111 Y=2.76 x10 73X -2.36 x 10 ~* 1.000 0 0.06
Sh 121 Y=9.21x103X +1.54 x10 2 0.999 5 0.07
Ba 137 Y=4.05x103X+3.47 %1073 1.000 0 0.04
Hg 202 Y=3.24x107°X +2.06 x10* 1.000 0 0.02
Tl 205 Y=3.23x1072X-6.77 x10 3 1.000 0 0.01
Pb 208 Y=2.38x10 72X +1.35 x10 3 1.000 0 0.05
Th 232 Y=4.83x10 72X -3.24 x10 2 0.999 9 0.06
U 238 Y=4.92x1072X -2.18 x10 2 1.000 0 0.01
2.3
ICP - MS
6 . GSBZ 50016 —90 Hg 11.4+1.1 11.2
GSBZ 50004 - 88 As 50.3 +3.4 49.6
. EPA 6020 LHg  As he/Le
4,
2.5
4
Table 4 Interference correction equations 3 6.
A 51 (51) x1-(53) x3.127 +(52) x0.353 6
As 75 (75) x1-(77) x3.127 +(82) x2.736 - (83) x2.76 Table 6 Test results of accuracy
Se 82 (82) x1-(83) x1.009 1 2
cd 111 (111) x1 —(108) x1.073 +(106) x0.764 . RSD /% . RSD /%
In 115 (115) x1 -(118) x0.016 pllpg L) p/lug L7)
Pb 208 (208) x1+(206) x1 +(207) x1 Be N 0-510 4.3
\Y 10.0 2.7 23.8 3.1
Cr 30.9 3.5 18.0 2.9
2.4 Mn 28.8 2.6 42.6 3.9
3 Co — 10.5 4.2
Ni 11.2 3.3 19.3 2.8
( 8 ) Cu 34.1 3.4 37.7 3.8
5. Zn 32.9 3.9 62.3 4.6
As 15.8 3.3 26.5 2.9
5 o me/L. Se — 10.4 5.4
Table 5 Test results of standard materials®™ mg/L Mo 20 39 346 >3
Ag — 2.46 4.9
cd 0.120 6.5 3.34 3.8
GSBZ 50009 - 88 Cu 1.10 +0.04 112 Sh _ 6.74 4.1
Pb 1.21 £0.05 1.22 Ba 15.2 3.5 59.2 3.7
Zn 0.305 +0.014 0.310 Hg 2.24 3.1 0.250 4.3
cd 0.113 £0.005 0.111 Tl — —
Ni 0.599 +0.027 0.613 Pb 15.2 4.7 30.9 3.8
Cr 0.496 0. 025 0.488 Th — 0.460 5.
U 1.31 3.8 1.57 4.4
( 55 )
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