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F1 ICP-MS TIESH

TAESH WEH THESH BEEAA
RF BAIFE (W) 1600 BB (V) —1850

BT (Ar) 18 Jk BB (V) 950

Wi (L/min )

iR (Ar) 1.0 i 5 =X Bl Bk

Wit (L/min)

A (Ar) 0.9 EEET /€ 30

Wi (L/min )

FAEHE (mm) 1.1 PR (mL/mm ) 0.38
I (mm ) 0.9 A B 18
ARG (mm) 1.0 ||#i#%< (He, mL/min) FEUL 2.1
FEWE (C) 3 LHE fif =35 Ly ++p.<3%

BUMEIR] (s) 45 AL Tewrce<3%

SR S i 100 0 2 e L TR L, TT R B
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5. 10, 25, 50, 100 ng/mL, %R¥WE R 0. 25, 50,
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x2 ZBIWHBICHRIERF

1 JIA 10 mL 2 ; 8 mL HF; 4 mL 55882 5 JA 4 mL 825 1 mL U8
2 AR, Ing 6 200 °C, Jin#A 120 min
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mL/min, **Pb Fl “Ni 5 5t 30 B 2p /L LA F,
LI E R, HJE "Be, "Mn, Co. “Cu. *“Zn.
98M0\ l”Cd\ 138].))3.\ ZOSTI\ SZCr\ IZIS}) %%%%{?&E
B, AWRENRKEOR, SRR, A H
4 3.0 mL/min, ‘Be. “Mn. “Co. “Cu. *Zn. *Mo.
lllcd\ 138Ba\ ZOSTI\ 52Cr\ IZISb B@ﬁ%%&&%gﬁ%
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2 3pgL LR, WREMEER, RS R
i, FIURMMNER AR, LA, Pb Al
ONi R FFRERL AT E s *Be. “Mn. PCo. “Cu,
66211\ QSMO\ lllCd\ 138Ba\ ZOSTI\ SZCI'\ l2lSh %ﬁﬁﬁjﬁ*ﬁ
A T, MHE S A 3.0 mL/min,
22 iR E
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5, BHEYEE TE S RN Doy, =lg—0.109 613 X Lo, o 2
Hs Ty, A Mo ZAGIE G HIBREE , cps; Tog N AT L
08 Ab WG fify o i J3F° cps; Tog, bl 'Ry fiky i) FE 5
eps; 0.109 613 24 *Ru X} Mo B4 1E %L,

mCd EE % §495M0160+;|: iljﬁ, %Moﬁ Iﬁ] 1ﬁ %%
Mo, 15 Mo'°0" A3 FE 0] ] 422 1155 1 Mo'*0"
X far 111 b T He ik, s mixd ' Cd f i
ELE R PEATRIE, Hod PMo'°0" [ 5 B A Fb
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SR BE T | '°Cd B R (R 4 RS . AR RS IE A S
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M Cd R IE G B BR B, eps; 1y, A SE AT L

111 Kb 0 ) S s B, eps; Lo 40 2 BT o7 L 108 4k
W Y BLR B, eps; Tsgy K '™Cd BYSREE, cps; 1.073
1 PMo'°0" X Cd B K IE & i 0.712 R 'Cd Xt
Mo'°0" UM IE R 5.

138La L:j 138(:e 7% 138Ba B,(J wj /I\ Iﬁ] Ei‘ E_ 'f_\i % :F
Yo, ArLLEEETE Pla (SR, JEm I La Xt
JoE g7 Eb 138 Ab W (4 4 BTk, i PCe AT 3 o 1]
LT e MUSREE T LLFNER . BIEARX R : Lug,=
1,3—0.000 901 x T139,,—0.002 838 X Luoo T HT: Tisg,
g P*Ba 2 8 1E J5 B 5 BE, cps; T A SE S faf
Fb 138 Kb U (1) B3R BE L cps; Lo, " La B9 52 58
J#, cps; Lug, K “Ce AN %E 38 B, cps; 0.000 901
H La X Ba 9 £ 1E & %L 0.002 838 O Ce X
Ba BAL IE R EL
2.3 RO KA IE

Bl Li. “Ge. "In. **Bi WFRIAE TR IE MR
BRREI, WEER 10 ng/mL, it =EAEL A
J5 LA AR IE - AN . K R VTR A5 D)
Jit GSD-22 1 Rt %t 42, "Be 2R "Li #EATHLIE,
Mn., “Co. *Ni. “Cu. “Zn. ™Mo, “Cr K “Ge HH17
ﬁﬂf, I”Cd\ 138Ba\ IZISb %Fﬁ IISIH]EE??&IE, ZOSTl\
®Ph R B A TAS IR, B 3 WA RINA PR
Hil, 2R R FISCRTE 10% ~ 141%, RF FIRKEE
FiEIE, SRR MIECRLAE 91% ~ 113% Z (i,

x3 HWHETENNESEROKEMEA

il % AEME (pgle) - PR EED - PREET
WEE (pelg) [l (%) WEE (pelg) I (% )
‘Be 1.5+0.1 1.9 132 1.5 100
*Mn 675+ 19 691 128 683 111
*Co 10.0£0.5 8.5 77 10.2 104
“Ni 26+2 20 88 26 100
“Cu 22.6+0.8 24.6 109 23.1 113
“Zn 59+2 88 141 62 108
*Mo 1.1+0.1 12 113 1.0 91
"ed 0.165 + 0.01 0.107 70 0.163 98
"**Ba 584 + 14 603 133 592 109
7] 0.48 £0.03 0.31 70 0.48 100
Pl 171 155 92 17.7 111
“Cr 48+3 61 139 49 101
"2'Sh 0.9 +0.06 0.70 80 0.92 105

2.4 WHERTZRL T KA R
2 1R HT 168-2010 1" ik 5% AL1L1 I 5 Iy vk B
R, L2 WIE WA H, AR T+
BEFR 02 g, A ERSOmL, WG C (pg/g) =
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x4 FHERHR, REHETENBEXRY

F'e LR et 2% MARCRE R (pefg)
1 Be Y=75.52x+0.38 0.999 912 0.007
2 Mn Y=226.32x+0.81 0.999 998 0.5
3 Co Y=367.1x+0.45 0.999 981 0.008
4 Ni Y=4 448.25x+6.12 0.999 965 0.02
5 Cu Y=232.15x+0.57 0.999 947 0.05
6 Zn Y=46.63x+0.17 0.999 982 0.5
7 Mo Y=183.33x+1.25 0.999 991 0.02
8 Cd Y=52.21x+0.89 0.999 977 0.01
9 Ba ¥Y=289.35x+6.66 0.999 957 0.1
10 Tl Y=669.72x+5.58 0.999 913 0.008
11 Pb Y=1 882x+10.1 0.999 982 0.05
12 Cr Y=252.46x+3.38 0.999 981 0.05
13 Sh Y=131.15x+1.15 0.999 991 0.05

MR4ATH, 13F TR M kA RTE
0.007 ~ 0.5 pefg Z 1, BRABKAESET) d S ek i
fife R JERR B A S T AT T AR S 4 P S O
FHT ., K FRTE 0.002 9 ~ 0.87 pg/l 2ZH),
B 2 M 0.001 ~ 0.44 pefe; SRR ZESE Y

x5 TERERERE

A ST R AR R A A S TR R A I
WA T ROC R, FUH R LI IEAR, K
HERTE 0.01 ~ 0.5 pg/l Z (8], #5850 & L2k
0.001 ~ 0.05 pglg. W ERTH, 4 [ ZhiH IS
DT A H PR T AR L, ARG R ) S T R —
|, AFEMICERA 225 .
2.5 NGRS RN ERA

T A b BR ) B b BR b 2% 460 5 0F 5% 9T o o4 40 I
GSS-13 (AL FJ5 ), 18 HY 168-2010 ')
S A3 SIEI S PN AE X o e 22 0 5 2SR R A T A %
FERRSS, X BRIERE i o Sl i B2 i 6 U HCE- I,

I AR B I 22
PEAT R INAR BISCIRER R i AR dh R 1R 3

0y, b 2 0 AFATXURE, A — 1 RE S R A
— 8 [ [E A A SRR ERE AR M INBRRE, FRIR 1.2
PR SRES R A, 2R R 1CP-MS #1730

A8, FHATRES I 85 R PHEAE A IRAE, 4558
PRI 5,

FEMEREMNRER

[Ffi 2 MEME (pelg) S (nelg)  AXFRERZE (%) ks (pge)  IAREIEM (pelg) W (% )
°Be 1.91 1.90 + 0.05 3.18 5 6.85 98
*Mn 591 580 = 12 2.62 500 1109 104
*Co 113 11305 3.77 50 64.5 106
“Ni 27.1 285+12 1.52 50 73.9 94
SCu 22.7 216+0.8 491 5 28.5 116
%Zn 66.2 65+3 2.03 50 129.6 127
*Mo 0.49 0.48 +0.03 1.71 0.5 0.97 96
"ed 0.12 0.13 +0.01 3.85 0.5 0.71 118
"**Ba 512 500 + 15 3.91 500 1029 103
7] 0.57 0.52 +0.05 2.33 0.5 1.17 120
%P}, 20.1 216+12 1.05 50 64.7 89
“Cr 64.7 65+2 1.28 50 122 115
1S} 0.89 0.86 + 0.06 247 0.5 1.37 96
A S A, % - M 0 A S T A S A FEAN AL 2P AT 2 11 RS AN 35 6 FiF

W&, GSS-13 b i 1 18 1) 3% 22 6 I &2 RSD 7F
1.05% ~ 4.91% 2 [8], 13 Fl o0 & 50 b 5 4k
89% ~ 127%.
2.6 SEBREEG AT

Fi2 BB HI/T 166—2004 1" 4~ 8 FR 55 W 4 AR H1
T8 T AR A X R MR T AR A P b A SRR AT R A L T
B, e R R X 1 4 rh 55 13 R A R P4 T
e 11, oA moRE:,  [A]EsSR FH H s
HEETRIET ZHHEEE (ICP-AES) #4174 L
R, EATAER AR w2215, S5 6.

7, Med, 2T, 'S 34 Tl vy E &K T ICP-
AES e A HBR,  Ho Al [A] 17 & *Be. “Mn. *Co,
Cu. “Zn. ®Mo. "*Ba. *Cr iy ICP-AES iR 45 H
55 1ICP-MS IG5 SR FA 2, PR ]AE X i
%N 0.41% ~ 7.24%, W] LAUEW] 1ICP-MS il 32 52 B
TR R PR
M 2 6 AT AL, SEBREE & AR B0 I 2% 88% ~
134%, 4= [ 3l i — SRS & 55 B 1 BT 3k 1k
S BRAE A B A2 M AEF, 13 A4S [l Y RSD

1.95% ~ 5.15%, J7ikmkese thcas.
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x6 LIRITEHR 13MEMZHNVNESER

. - — ZMU?& — ICP-AES MIFEME AN EREAEXS

GilvE D AFXS R 2 i i W5 it ML ) 2 (%)

(pee) (n=11) (%) (pee) (pele) (%)
°Be 25 423 5.00 7.7 104 24 2.10
*Mn 533 2.29 500 1021 97 552 1.75
*Co 7.8 3.05 5.00 12.2 88 7.9 0.64
“Ni 18.7 422 50.0 69.9 102 17.5 331
“Cu 222 2.19 50.0 775 111 24.8 5.53
Zn 81.1 2.06 50.0 148 134 82.8 1.04
*Mo 0.32 7.12 0.500 0.87 110 0.37 7.24
Med 0.06 2.43 0.050 0.105 90 — —
"*Ba 481 3.82 500 1079 119 485 0.41
11 0.109 5.15 0.500 0.631 104 — —
%P}, 8.8 1.95 5.00 14.1 106 7.9 5.39
“Cr 71.9 4.44 50.0 127 110 71.7 3.88
IS} 0.05 4.04 0.050 0.103 106 — —
e —RARA
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Determination of thirteen elements in soil by inductively coupled plasma mass spectrometry with automatic
digestion instrument

YANG Li-guo', QIAO Dong-yun', HU Peng-yu', XU Zhi-yong®™, LIU Jian-guo’, HOU Yue', LI Ming-hui', LU Wen-di'
(1. Jilin Province Master Station of Agro-environmental Protection and Rural Energy Source Management, Changchun
Jilin 130012; 2. Changchun Agricultural Product Quality Safety and Testing Center, Changchun Jilin 130021; 3. Jilin
Agricultural Technology Extension General Station, Changchun Jilin 130021 )

Abstract: A new method to determine thirteen elements contents of the soil wass established by the inductively coupled
plasma mass spectrometry in this study. The optimal experimental conditions are as follows: lead and nickel were determined
by the standard model. Beryllium, manganese, cobalt, copper, zinc, molybdenum, cadmium, barium, thallium,
chromium, antimony were determined by the KED model, the helium flow rate was set at 3.0 mL/min. Internal standard
was used to matrix correction, and the mass spectrum interference was corrected by means of editting element correction equation .
The r value of all the calibration curves was higher than 0.999 9, the detection limit of the method was between 0.007 ~ 0.5 pg/
g and RSD was between 1.05% ~ 4.91%, and the recovery rate was 89% ~ 127%. Using the new method to analysis the
national standard soil samples of GSS-13, the determination value of each element was consistent with the standard value.
The recovery rate of the 13 elements in agricultural soil of Jilin was 88% ~ 1349%. It proved that the results by this method
were consist with those obtained by inductively coupled plasma atomic emission spectrometry ( ICP-AES) .

Key words: automatic digestion instrument; inductively coupled plasma mass spectrometry; collision mode; mass spectrum

interference correction
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