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ICP - MS

( 222001)
: 13 20 min
8 mLo Cu.Ni.Cr.Pb.Al.Mg.Mn.Ca 0 wg/L~100 pg/L Ag.Ba.Co.Cd.Sn 0 pg/L~5.00 pg/L
Al Mg.Ca 10 0.07 ng/m’ ~ 1. 82 ng/m’( 0.688 m’.
50 mL ) 3 RSD<1.2% 92% ~108%
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Simultaneous Determination of Trace Elements in Atmospheric Particulates
by ICP - MS with Microwave Digestion

CAO Lei REN Yan-bing YAO Yuan
( Lianyungang Environmental Monitoring Center Lianyungang Jiangsu 222001 China)

Abstract: 13 kinds of elements concentrations in atmospheric particulates were determined by inductively
coupled plasma mass spectrometry with microwave digestion. Nitric acid digestion system was taken to digest
sample 20 minutes and 8 mL nitric acid was added. The calibration curves showed a good linearity from 0 wg/L
to 100 pg/L for Cu Ni Cr Pb Al Mg Mn and Ca and from 0 pg/L to 5.00 wg/L for Ag Ba Co Cd
and Sn. The detection limits of the elements ranged from 0. 07 ng/m’ to 1. 82 ng/m’ except Al Mg and Ca had
higher detection limits ( air sampling volume 0. 688 m’ formulated into a volume 50 mL) . Membrane samples
were analyzed by duplicated tests three times giving value of RSD <1.2% . Spiked recoveries ranged from 92%
to 108% .

Key words: Microwave digestion; Inductively coupled plasma mass spectrometry; Atmospheric particu—

lates; Elemental analysis
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1 3C,
1.1 1.2.4
X Series 1[I NAN- 1 1,
OPURE 7144 ThermoFisher X
HP 500 CEM - ECH - 1
il Table 1 Microwave digestion procedure
3 PIW t/min 0/C t/min
. 1 200 2.5 120 0
" Rh2Bi( 10,0 pg/L) ’ 1 200 3.0 180 20.0
: 1.0 pg/L Li.
Co~In.U ThermoFisher : 2
. 0 2.1
1.2 ) -
1.2.1 °
(1/8 ) :
N ° 8 mL ;
0.5h . 40 C Cr .
Loloa L EPA CEM HP
50 ml. 500
1.2.2 2.2 s o
) Cu~Ni~Cr+Pb+ Al Mg Mn. Ca 10 min+15 min+20 min.25 min
(0 pe/1a2.00 pg/L10.0 pg/L100 we/L) : 8 mL
Ag. Ba. Cos Cds Sn (0 pg/Ls 0. 100 pg/L, 0> ™D 180 °C 20 min
0.500 pg/L.5.00 pe/l) . 92. 4%
% Rh 2 Bi( 10. 0 pg/L) ~108% ; Pb.Cr
ey 7 o .
1.2.3 2.3
11 2%
. ICP - MS s 3 (
0.17 MPa; 83 mm; 0.688 m’, 50 mL )
0.70 L/min; RE 1165 W; 13.0 L/min; 2.
2 ng/m’
Table 2 Method detection limits ng/m’
Cu Pb cd Co Cr Ag Al Ba Mg Mn Ca Sn
1.09 0.80 0.29 0.15 0.94 0.07 5.67 1.82 2.18 0.36 29.4 0.36
2.4 3,
6 mL.7 mL. 8 mL
8 mL.9 mL.10 mL RSD <1.2% 92. 4% ~
o '""Rh.*Bi(10.0 pg/L) 108% . 3.
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Table 3 Test results of acid consumption™
6 mL 7 mL 8 mL
RSD RSD RSD
p/(pg L") 1% /% p/(ug L") /% 1% pl(pg L") /% /%
Cu 14.3 0.8 77.0 18.6 0.7 86.3 22.9 0.7 96.8
Pb 57.4 1.2 71.9 64.3 0.8 83.7 77.8 0.8 105
cd 2.23 1.3 78.0 3.16 1.2 91.6 3.84 1.2 96.0
Co 2.10 0.7 79.5 3.28 1.0 91.2 3.76 0.9 98.2
Cr 71.4 1.8 69.5 98.3 1.0 85.8 110 0.9 94. 4
Ni 14.8 1.0 73.5 18.0 1.0 90.7 21.5 0.8 92.4
Ag — 1.2 67.4 — 1.1 81.4 — 0.8 97.4
Al 64.3 1.3 72.4 89.2 1.0 83.6 21.1 1.0 108
Ba — 0.8 78.9 — 1.0 85.7 — 0.8 94.4
Mg 8.90 1.1 70.1 12.8 0.9 88.9 15.7 0.8 94.8
Mn 55.2 1.2 66.8 64.3 0.9 84.9 75.8 1.0 103
Ca 15.3 0.8 72.0 17.5 0.8 80.8 19.3 0.7 102
Sn — 1.2 65.8 — 0.9 82.0 — 1.0 96.2
9 mL 10 mL.
RSD RSD
pl(pge L7 1% 1% p/(pge LY 1% 1%
Cu 23.9 0.6 97.7 22.9 0.7 9.8
Pb 79.0 0.8 95.9 80. 1 0.8 94.1
cd 3.97 1.3 97.3 3.95 1.1 96.0
Co 3.81 0.8 93.8 3.83 1.0 9.8
Cr 114 1.4 95.8 116 0.7 95.2
Ni 22.2 0.8 95.6 22.6 0.8 96.6
Ag — 0.9 9. 1 — 0.9 97.0
Al 21.8 0.6 97.9 22.2 1.0 96.7
Ba — 0.9 95.5 — 1.0 95.0
Mg 16.2 0.7 95.2 16.3 0.5 95.2
Mn 76. 4 0.8 98.0 76.2 0.8 102
Ca 19.8 0.9 102 19.9 0.8 102
Sn — 1.0 95.4 — 1.0 96.3
DAL Mg+ Ca 100 .
2.5 0 pwg/L~5.00 pg/L
Cu.Ni.Cr.Pb.Al.Mg.Mn. Ca 4,
0 pg/L ~100 pg/L Ag.Ba. Co.Cd. Sn
4
Table 4  Calibration curve regression equations and correlation coefficients of elements
Cu Y=7.96x103X +1.93 x10° 0.999 9 Mn Y=4.11 x10*X +4.40 x 10° 0.999 9
Ni Y=6.46 x10°X +5.13 x 10° 0.999 8 Ca Y =729X +5.06 x 10° 0.999 5
Cr Y=2.61 x10*X +4.50 x 10* 0.999 9 Ag Y =2.40 x 10*X - 246 0.999 9
Al Y=1.85x10*X +7.49 x 10* 0.999 9 cd Y =5.40 x10°X +230 0.999 9
Pb Y=4.98 x 10*X +2.00 x 10* 0.999 9 Ba Y=6.76 x10°X +2.81 x 103 0.999 7
Mg Y=1.51 x10*X +2.29 x 10° 0.999 7 Co Y =3.05 x10*X + 604 0.999 9
Sn Y=1.37x10*X +4.19 x 103 0.999 9
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