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Determination of 25 kinds of elements in soybean by inductively coupled
plasma mass spectrometry with multiple internal standard correction
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ABSTRACT: Objective To establish a quantitative method for simultaneous determination of 25 elements in
soybean by inductively coupled plasma mass spectrometry with multiple internal standard correction. Methods By
comparing the advantages and disadvantages of different pre-processing methods such as microwave digestion
method and direct extraction method, the best pre-processing method was optimized and determined. The influence of
matrix effect on the determination results was evaluated, a number of appropriate internal standards were selected to
correct the matrix effect, and the content of each element was detected by inductively coupled plasma mass
spectrometry. Results The direct extraction method could not completely extract the elements from soybean, and
microwave digestion method had better extraction efficiency. Each element had obvious matrix effect in soybean
matrix, and multiple internal standards must be used to correct the determination process. The recovery rates of each
element were 78.27%-103.2%, and the repeatabilities were 0.72%—-5.62%. Conclusion This method is accurate,
sensitive and suitable for the determination of various elements in soybean.
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KEFEHPTET RN E T EFEQLRTIETF
W2 1 S 3% 1 (atomic absorption spectroscopy, AAS)8),
B MR A % B IR & 4T o8 35 1 (inductively  coupled
plasma atomic emission spectrometry, ICP-AES) "1 Hy
JEH A 25 TR SR 3% ¥ (inductively coupled plasma mass
spectrometry, ICP-MS)!! 713148 st )y kb AAS B2 B
R IT R E ik, HME TS . AR . A
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1.1 XBE5RH

NexION 300 Hi/EHE G55 & F RS (S5 Perkin
Elmer A F]); MARS 4 A 31 HMAL(GERE CEM A H);
Milli-Q #4li /K Zb Hl 2 55 (3 [E Millipore 22 #]); X3R B
L& E ThermoFisher 23 H]); 2500TH %4 A i 1 e
(B s B ey A FR A 7)); Multi reax iR 7 o
(1% % Heidolph 22 wl); Knifetec 1095 JIZUAE 1 BE (S 42 FOSS
NI

SR R & 4 )& P&, £ Fisher Scientific 23 H]); ik
[P =R N o & T TR Y i e S| R S /A D
(Be). H:Mg). (Al #I(K). £5(Ca). PL(V). Hi(Mn),
Bk(Fe). %li(Co). #il(Cu). #¥(Zn). ¥ (Ga). fi(Se).
(Rb). £8(Sr). f(Ag). f(Cd). #i(Cs). #(Ba). £E(TI).
FE(Pb). 4h(U). #&(Cr). B (Ni). B(As)IEA I EhRMER
W (10 pg/mL, 25 Inorganic Ventures 23 7)); Li®. Sc.
Ge.Y.In,Tb.Bi WARIEA (10 pg/mL, 3 Agilent
A, KREMSHREN 85 8k VB B TR s 4,
E RSB .

KGR B R R LR A BR o #2488, 8 A
bR 2 ORI kL, I FH D U SRS AT EE 15T
12 SEWHE
12,1 Asara ok

WO T A MEREFRER 0.5 gORSHAE) 0.0001 g)fifEEy
SIS TR I b, A 8 mLYRANAR, $£5))5 i
BN T T, FIUR O AR (LR DT IR
HREEHRIGFE 150 °C T MR EFIARL 1 mL ik, BHE
FMEAUK B 2 AR, A% 10mL, F#ll,

®1 WOKHBRRER

Table 1 Program for microwave digestion

IR IR /W PRI 1) /min
1 250 4
2 0 4
3 250 5
4 400 7
5 700 6
6 350 5

FLEAREGE: AERUE RS R CAMIN 25U IR 1 5
PEATRCH, EARkUL, ERA 6.7% B E . 1% |
0.2%ER MR TR A /KR . 2RI, WERMAREL 0.5 gORGHiE
0.0001 g)BfEEX )RR T 10 mL MR T BEESBS.OAE R, i
5 mL ZEAWE, WHE 2 min, #7515 min, 25 FIBE
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1 min, 20408 EWEH; 5 5 mL ZEROERIRE 11K,
AIFRPUR I B AR E A E 10 mL, 11 0.45 pm /KAAGE
JBE, R0

1.2.2 % 7L% ICP-MS &

SRR 1100 W, 5B PRSI E 15 Limin, A0
it 0.98 L/min, iR W 12 L/min, 3} fig B4R =
(kinetic energy discrimination, KED)filf fi /<, {4 (He) ifi &
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SEIRM MR | R AR R R . s, &
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Table 2 Mass numbers, scanning modes and internal standards
of each element

JLEMAE Ipigre i TAERER BN
Be 9 PRt =X Ge
Mg 24 KED Ge
Al 27 Bt Ge
K 39 PR Ge
Ca 43 KED Ge
\% 51 KED Ge
Cr 52 KED Ge
Mn 55 KED Ge
Fe 57 KED Ge
Co 59 KED Ge
Ni 60 KED Ge
Cu 63 KED Ge
Zn 66 KED Ge
Ga 69 Bt = Ge
As 75 KED Ge
Se 82 KED
Rb 85 PR
Sr 88 PR
Ag 107 B In
cd 111 KED In
Cs 133 Bt =t In
Ba 138 PR In
Tl 205 PR Bi
Pb 208 PR Bi
U 238 B Bi

A P ol 0 7 A 2 RN AR BOL, A BIINE T B3 %k
pnp 4 TR S E, K 3 Ui, ARl LA
HH P O I A I R B 4 FhOT R B S HE E R
TR ZEBITEL15% LAY, 7 H R0 T A 0 R i et b o AR
T, {0 ARG SE (Y 4 Fhos R & R BUE S 1 E
TRZEALERET T 15%, Fe. Zn iR 255 3 185 1K—-72.2%F1
~59.5%, on H ELERR B MR B A AL A (R, AR



46

B GR, E: 22 NARRIE- RS G AF B TR BRI E KT 25 FIOTER I A 2083

ZICEIF AL B B TR T R E PP i,
T AL A T A BTG K X B T 2 5 A b R B 5 - CAMIN
SNSRI I E Rt R G B A, M
b SR HR B AR T A A T E B, AT AR Bt
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2.2 BN FIAFRRYE

A UAESF IR AT T340, i 1 Bos . ATLE
H, MHTFRRIEBRFERFS 1~10 5, 21~22 5), 4 FlUL
EAEEREW P RS 11~20 S)B0{E 540G 1 e,
UL AHIX 4 Fhoe ZEA R BB A SL ARG SR A0 . Hoh, Ge Y
In MIMGSRIRIELE 170%~230%Z 1], 1 Bi A4HS 5% 05 7E
140%~160%2Z 11 o H UL AT DAHEWT, FEAS 55T, &F
TCEAER G EE T Al A BN BB A SRR, AnA i LA
E, D85 5048 2 32 B R m .

N T SR ARSI, A3 F0 T o A 45 R, A
GO R FNAREIEI TR OE o AR T B B LE /e K& ARAE
TERILE, AU Li°, Sc. Ge, Y. In, Tb, Bi7 f
LR AT bR R, SCEG R B, B KSR A
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MU In AERNARES, W2t AR okcE. Fit, mA&E
¥ Ge. Y. In. Bi % 4 Mot RIENNAR, HE5HERIETE
XTI 6 R AN 2 IR o

FKOCERLRVENL R . 1H R A O R B KR
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LRME N C R AT, MR B R T 0.9960, [l
OGRS BRI B, B 2 KT & Rloc R e it
i

R3 2HEIRESEVNESEHRTENSEM=3)

Table 3 Element content of reference material determined with the 2 pretreatment methods (n=3)

T A PRI
JLE 18 (H/(mg/kg)
5 45 5 /(mg/kg) T8 E MR 2% 72 45 3 /(mg/kg) 58 A0 Im2E/%
Ca 1.54 1.63+0.0956 +5.84 1.04+£0.0322 -32.5
Fe 53.2 45.3+3.20 -14.8 14.8+0.247 -72.2
Cu 10.1 9.19+0.358 -9.01 8.14+0.251 -19.4
Zn 36.3 31.6+3.53 -12.9 14.7+£0.632 -59.5
i e PEAL, B, A SR B in R B0 i S 56 FN B A2 M S B 1
v 7 A BA A 7 1 () A RIS 8, AR BE in sk 5
207 FiR. B AL BRIy 78.27% . Ba B EICE R 79.20%
kS —A—In o B ) . o
T e bb, HATEE B MIAR ER A T 80%~110%2[6); 45T
% L T 0.72%~5.62% 2 il , & B TE 3.64%
;% 15} ~13.83%2 0], ¥I/NT 15%. LI ESERIENZ N E &
Elis L TR T B AR 0 TR RS T AR G B RS, O R
o . ‘ I AT A R
! ! 1 ! ! | 3 g:él: -L%
0 5 10 15 20 25
FriT 5 AHIFFENT He T T T e 0 RO 2 FhiAbER

1 4 Fho R 7RG BRI BRI i 56 5T Th B9 15 5 1 B AR AL 1R L
Fig.1 Changes of signal intensities of 4 elements in dilute nitric
acid solution and sample matrix
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BRI R SRR IR i & % R0 R
4 FhOGR, TCESLENATE 25 FhocE i E ERG EE AT

FIEHEREZILENE P RRIGCRESR, TG T 3R
XTI 78 S5 SR, PR 4 Bl AR NHE SRR R A
T T T - 22 INFRAC TE-ICP-MS ¥:illE K& rp 25 Fh
JCER M E =R J7 o %07 R 45 T IR BDRR Ky
78.27%~103.2%, FE & PEH 0.72%~5.62%, T BN
3.64%~13.83%, JrikE il . RE, FILIWRE KRG hZE
FhOGE M2 BRI TR .
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Table 4 Linear ranges, correlation coefficients, detection limits and quantitation limits for the 25 elements
a2 LR LMV /(ug/L) LA AR R 0 i R/ (ng/kg) SE B R/ (ng/kg)
1 Be 0.1~5.0 0.9999 0.6 2
2 Mg 5.0~250 0.9995 30 100
3 Al 1.0~50 0.9997 6 20
4 K 5.0~250 0.9972 30 100
5 Ca 5.0~250 0.9998 30 100
6 \% 0.1~5.0 0.9999 0.6 2
7 Cr 0.1~5.0 0.9997 0.6 2
8 Mn 0.1~5.0 0.9995 0.6 2
9 Fe 1.0~50 0.9999 30 100
10 Co 0.1~5.0 0.9999 0.6 2
11 Ni 5.0~250 0.9989 6 20
12 Cu 0.1~5.0 0.9998 0.6 2
13 Zn 0.1~5.0 0.9999 0.6 2
14 Ga 0.1~5.0 0.9999 0.6 2
15 As 0.1~5.0 0.9999 0.6 2
16 Se 0.1~5.0 0.9998 0.6 2
17 Rb 0.1~5.0 0.9999 0.6 2
18 Sr 0.1~5.0 0.9999 0.6 2
19 Ag 0.1~5.0 0.9999 0.6 2
20 Cd 0.1~5.0 0.9999 0.6 2
21 Cs 1.0~50 0.9999 0.6 2
22 Ba 0.1~5.0 0.9964 0.6 2
23 Tl 0.1~5.0 0.9999 0.6 2
24 Pb 1.0~50 0.9996 6 20
25 U 0.1~5.0 0.9999 0.6 2
RS FERERENBEE
Table 5 Accuracy and precision of the method
R /%
¥ R Lt} AJRAE(N=3) T e DE(E(n=3) B4 /%
TEMM=6) HIHIEN=5)
1 Be ng/kg 0.01£0.00 20 18.64+0.84 93.17 0.98 4.02
2 Mg mg/kg 3203.30+195.38 1000 4072.30+247.23 86.90 1.56 6.83
3 Al mg/kg 78.56+2.83 200 235.10+9.90 78.27 2.73 8.27
4 K mg/kg 4858.57+£398.36 1000 5678.57+457.13 82.00 1.27 5.94
5 Ca mg/kg 2440.37+222.07 1000 3472.37+306.62 103.2 4.92 13.83
6 \Y% ng/kg 62.26+1.47 20 81.16+1.45 94.49 2.37 6.29
7 Cr ng/kg 25.05+1.29 20 42.03+2.29 84.90 3.92 7.39
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R 5(4%)
KSR 1%
F5 o TR LKA AJRAE(n=3) kg W E B (n=3) 1%/ %
HEMEMN=6)  EIEN=5)
8 Mn mg/kg 30.87+1.95 20 48.59+3.17 88.60 3.64 5.48
9 Fe mg/kg 48.74+6.19 20 65.70+6.07 84.79 5.62 12.10
10 Co ng/kg 77.29£5.60 20 96.97+4.19 98.39 1.03 9.36
11 Ni ng/kg 836.83+42.67 200 1013.23462.51 88.20 4.22 8.71
12 Cu mg/kg 4.9140.34 20 23.22+1.71 91.57 4.77 8.02
13 Zn mg/kg 32.1142.31 20 49.6142.15 87.50 3.29 6.41
14 Ga ngrkg 4.63+0.14 20 23.24+0.59 93.06 1.21 5.98
15 As ng/kg 21.03+1.71 20 38.0342.66 85.00 3.29 6.39
16 Se ng/kg 18.30+0.97 20 37.44£3.97 95.70 1.83 4.83
17 Rb mg/kg 7.44+0.14 20 24.49+0.63 85.27 2.37 5.48
18 Sr mg/kg 7.75+0.45 20 25.68+1.79 89.66 2.51 7.29
19 Ag ng/kg 0.23+0.02 20 19.48+0.76 96.26 1.02 6.72
20 cd ng/kg 51.69+4.59 20 72.05+5.51 101.8 3.48 9.27
21 Cs ng/kg 107.4246.07 20 126.84+8.25 97.10 3.20 7.43
22 Ba mg/kg 2.1840.17 20 18.02+1.12 79.20 4.83 10.31
23 Tl ng/kg 0.00+0.00 20 18.20+0.72 91.00 1.58 3.64
24 Pb ng/kg 259.94+17.74 200 457.74421.47 98.90 3.02 9.89
25 8] ng/kg 0.15+0.01 20 18.5940.71 92.20 0.72 5.60
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