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Determination of 27 kinds of inorganic elements in Angelica sinensis by super
microwave digestion-tandem quadrupole inductively coupled plasma
mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the determination of 27 kinds of inorganic elements
in Angelica sinensis by super microwave digestion-tandem quadrupole inductively coupled plasma mass spectrometry
(ICP-MS/MS). Methods Using Angelica sinensis as the material, the samples were digested by optimizing the
digestion acid system and the working parameters of the super digestion platform, and the signal drift was corrected
by introducing a 500 pg/L mixed internal standard online. The content of 27 kinds of inorganic elements in samples
were determined by ICP-MS/MS when the flow rate of plasma gas was 15.0 L/min, the flow rate of auxiliary gas was
0.9 L/min, and the power was 1550 W. Results The linear relationships of the 27 kinds of elements were good, with
the correlation coefficient between 0.9993 and 1.0000, the detection limits between 0.00003 and 0.13548 mg/kg, and
the limits of quantitation between 0.00010 and 0.40643 mg/kg. The recoveries were 93.90%-115.40%, and the

precision were 0.02%-2.55%; the results of the determination of the national standard substance-Astragalus
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membranaceus were within the recommended values. Conclusion This method is simple and sensitive, and is

suitable for the determination of 27 kinds of inorganic elements in Angelica sinensis.

KEY WORDS: Angelica sinensis; inorganic elements; tandem quadrupole inductively coupled plasma mass

spectrometry; super microwave chemistry platform
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M1y Z4E 4B FHAngelica sinensis (Oliv.) Diels]
THA, HATR G 25 & P, R R VR R i o it
AR LA S | ML . 0 AR s A,
BLICER & AT 5 TR 25877 s . A7 i A8
RAFRZRFY), S A 2SI rh JEHLOC R & XA B SRt
{H B 20 I A A BB

TEHLIC R & i W SE J7 1 32 E A I T 5 6 ¥ (atomic
fluorescence spectrometry, AFS)P® | J5 I it 45 (atomic
absorption spectrometry, AAS)" 1| HLJEHE A5 B A & Bt
J&9: (inductively coupled plasma optical emission spectrometry,
ICP-OES)P ™' | Wi J # 4 45 5 7 1K i 1% ¥ (inductively
coupled plasma mass spectrometry, ICP-MS)!'''21 JFF5¢ 5
AR, U E JC R A AT IR ELAS RE RTINS I 7E 24
TLR, BORAG BHE G SF B AR S, AT AR
EZATCR, (HRETRICRI B R, ShASLMEE AR
B, HUBHE G S A BOERA C ) I R A, (HINBR B
THRE 1A Rt — D ATt . AR DU H S 5 55 2 R ot
& 7 (tandem quadrupole inductively coupled plasma mass
spectrometry, ICP-MS/MS) K F1 T & B DU M) FF B0 R, 3%
ICP-MS HATHEARMA R . B IERY ShZSLRMER, HERT
HeRE Sy o | IR 25 SR o

W WA TCHLIC R ST AT FR Pk Ik T )
ok T AT SR e T A YRR T AR ORI 2 FD
MRLA G, W IR-IIR . ERIR-IR, Wik IR it K M R
FEIF, SRR B o 425 A T b 2 R TR A2 14 22
SIAEZR R, THRSEE; TEFHR, ookt
TR eI TR, IR, Sl s e, s
SIREBAR, 2 VIR BPRF- 5 T AR
o IR D | R IS HOXAE R T AP IR, TAE
RO TR K IEE

FUAT, 240 JCHLI0 3R A6 I Dk 3 R 5 ol i
fiff, ST RBOEREL . TP RS G A e AT
TR E, HE TR | RORBURET B
AP I T IR IR A S BT i Z TP I SR,
BBy i R0 Y g e (AG T) J V ABOR  SE
P, AWFTE LS I AR, E A R A Ik R K
PP 5 TARSAE R ICP-MS/MS IlE, 7>
FH 27 FOEHLCR[H(LD) . Bi(Be). HI(Na), BE(Mg). 4

(Al), B(K). £5(Ca), #L(V). #(Cr). % (Mn), £ (Fe).
£h(Co) . BA(NI). #l(Cu). BE(Zn). #%(Ga). THi(As). fili(Se).
HN(RD) . FA(Sr). H(Ag). 4H(Cd). 4:(Cs). Pl(Ba). £4(TI).
Hn(Pb) . AR T, 24 IA T 200 R W PSR AR 4
Bty 1 il

1 #MR57H%

1.1 MR5EE

MERIZFHMAUE, HRIZ 12 4 WERRGrHrak,
EEERE A ), WS G A, ARG, L,
Be. Na, Mg, Al, K. Ca., V. Cr, Mn. Fe. Co. Ni.
Cu. Zn. Ga, As. Se. Rb, Sr. Ag. Cd. Cs., Ba., TI.
Pb. U ARAEI (1000 pg/mL, o EIHERMEDIEER); BE
WAREW(Sc. Ge. Rh, In, Bi, 10 pg/mL, 3 EZHEEHRE
HARAFD,

BSA-323S LKV (T 28 2 R AL 2= AU A BR A
A]); Milli-Q 1Q7000 4 4li /K #L (£ [& 2R 7¢ 2> 7] ); Ultra
CLAVE 8 9 U Ak 273 i1 & (B KRR R i A IR #D);
8900 HH K MUK AT i, JBk & 55 B IR BT A (6 [ E AR
AR
1.2 REHE
1.2.1 KAtz

BOY IS, 28 ARk, Ak obk, w3
Ko, F 65 CRHT, @k, RAFEABLESH.
122 BBEIELH

ICP-MS/MS 5 kFa5E 30 min J5, VST AL
ERETHERS, UEE TESHNT: FEFRME:
15.0 L/min; #HEI#S5E: 0.9 L/imin; I13: 1550 W; 2516a%
R 2 °C; REEIREE: 10.0 mmy; A8 3; AHrEstiE]: 0.1 s,

et A BRI A & TAESEUOLE 1.

®1 BRMWEKFEFEIESH
Table 1 Working parameters of super microwave
chemistry platform

AW BfE/min R E/min JRBE/CC R Ji/bar ThE/W

1 8 0 130 80 1200
2 8 2 190 100 1200
3 8 2 220 120 1200
4 8 10 240 150 1200
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1.2.3  RAARAEIEIR AN AR R G B

RIS TR PRI, FH 2% RREC SIS & Li.
Be. V., Cr, Mn, Co., Ni, Cu, Zn, Ga, As, Se. Rb,
Sr. Ag. Cd, Cs, Ba, Tl, Pb, U JEEIKE/THIA 0.0,
10.0. 20.0. 50.0. 100.0. 200.0 pg/L, Na, Mg. Al. K,
Ca UM 439124 0.0, 0.4, 2.0, 4.0, 12.0, 20.0 mg/L, Fe
B R 0.0, 0.5, 1.0, 3.0, 5.0, 10.0 mg/L HIR &R
VAW

BUE RIRA WARATR (Y Sc. Ge. Rh, In, Bi), Fi#l
At KR RE, TC il BT R EE Y 500 pg/L B9 TAE ARTE
1.2.4 XAEH R

FEdh B2 W A% PRI A5 47 B9 4 8k K 4
0.3 g, HAEGRABE S HRE, HKRINA HNO; 3.0 mL . H,0,
1.0 mL, JEA RGO T Ak 2 7 S AR B AR P T
HRRWMIRE 50 mL S, BAKEE . R
25 IR
1.2.5 A7 &5 XA 2

TE ICP-MS/MS Ti#EaE KBk il 5, MRBIARS
[EZ I RIRARER IR E . LLUITIN T E bR R BOR BN
WARKE, (55598 CPS MYARYR, FESr il Z bRl
2. AR MR E R, Wi AR

= e g

X: BT Z A& i, me/kg; C: Fril e B R, pe/L;
V: R E SRR, mL; m: FRERE, g N PR R 5,
12,6 FiEidhks T EmRk

FE I EIRA S AER 11 K, 25000 3. 10 Rk
b 22 Fre e Rz )l B8 TSR PR R PR

1.3 HIELLIE
% Excel 2007 it
2 GR55H

2.1 R

T T i ER AR R B A AL B TAES Sl
TP T Ak e LASE B A B e 5 R 17 €8 DR S R U i
27 FhITE AALER I AL S AR fRTAR T () AR T R4
Kl B AES A AR LB W RO IR A, T
{ERR KT A e ),
2.1.1  H R BRAR R ARG

I e HNO; IR, MR sk, JoHA
A ULZR 5T o 7E HNO; H A HyO, 7T A RR AR AR 7 A AL 1Y
iR, AR ERE T — R T, AT AR BRI AR R
i, %4 HNO;-H,O, MM FE 2 T ARk . ik, AHHF
F1EF HNOs-H,0, 41 51 B R 22 %A S dE A 7 Ab 3
2.1.2 HNO; 1A #9440

JitiAk HNOs MR &L, ZEilAEh 2 3limA 1.0, 2.0,
3.0, 4.0 mL HNO;, F 240 °CiHf# 20 minGHE 2 i1k 24

BIE TESE), 458 8752 HNO; & 3.0 mL B, 19
il SR A VPR, T ERK, 24 HNOs &N 4.0 mL I,
RN aEREAS T ERAALHE, WEEHE 3.0 mL
HNO; A fEf# i .
2.1.3  H,0, 1A & 894k4k

Ak Hy0, L, 3R N A 3.0 mL HNO;, 43
SMA 0.5, 1.0, 2.0 mL Hy,O,, T 240 °CHf# 20 min, %%
B8 Hy0, SN 1.0 mL B, A 5 T 02 0 (6 335 IR,
TAER M 3.0 mL WSER AT A FR 4038, #E 4 3.0 mL
HNO;+1.0 mL H,0, A FefEIH iR & i .
2,14 BB T TGN RIBE SR

EREEP A 3.0 mL HNO5+1.0 mL H,0,, 75 %
AL & B LL 220, 230, 240, 250 °CHY IR JE
THMRFE 20 min, Z5RFEREM TS T HAK, 7
240 °CHY 5 B0, HIERE 240 °Coh fe HETH R IR .
2.1.5 RBHORAE T &K R e AL

TEIRFE A 3.0 mL HNOs+1.0 mL H,0,, 7 # %%
L= & H L 240 °Co Bl MIKEE 5. 10, 15,
20 min, %55 WK # 10 min I, T {5 A T BE T 2 i Ja)
B K T T R, B 10 min Sy dR AR R ] .
2.2 ICP-MS/MS MEGFENFIMRKIE

ICP-MS/MS W& i P2 AETE ) T4 2 W iR ik
T ARFFEEAELLT A 500 ng/L INARBE R E S 555,
45 B NFRIR PSR IATE 80%~120%, 9 BBk, HeRA
500 pg/L AR LATEBR B T RARON ORI EE .
FENME ST RES . SARREYE. ZRFEFT
PEAERZ I e 25 A R B UIAG, e R R h o gt
TP TG H 0, w5 Hp e PORAT
EARpa A B BT TR, R T HBARME RS R0KR
kB AR T, 255 ILER 2.

®2 BRLENBERFWRE

Table 2 Background equivalent concentration of each elements

Sl 2z s .
T {(ng/L) WE TR fug/L)
Li 4.372 Zn 0.6298
Be 0.03802 Ga 0.0005502
Na 0.03498 As 0.0656
Mg 0.002199 Se 0.1889
Al 0.001976 Rb 0.0104
K 0.1224 Sr 0.05775
Ca 0.01108 Ag 0.001537
\' 0.004416 Cd 0.001106
Cr 0.4004 Cs 0.0003115
Mn 0.09014 Ba 0.0584
Fe 0.001919 Tl 0.006045
Co 0.008639 Pb 0.054
Ni 0.2752 U 0.0008404
Cu 0.127
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2.3 HMXARREHR 24 REE
Bl oOC R M AR E L R R I, MG R B LM E T ORGSR, eI 250 T, MR

0.9993~1.0000 =z [b], Z5HEULFE 3; K H R 0.00003~ M E 6 M F47#E, KA X AR UE ff 2% (relative  standard
0.13548 mg/kg, ERFRM 0.00010~0.40643 mg/kg, i PR deviations, RSDs). il JC & AR R HEIR 25 7E 0.02%~2.55%
FERBRBAR, AT LA R AT Ee, 4503k 4. ZI8), R EEOR , SRR 5,

®3 RAMEBRRMNEMHFE. SMEXAY. &ibeR

Table 3 Linear equations, linear correlation coefficients, linear ranges of mixed standard solutions

METLR ik gk AN LB LRPET
Li 7 Sc Y=4.197E-4X+1.835E-3 1.0000 0~200 pg/L
Be 9 Sc Y=4.655E-4X+1.615E-5 0.9998 0~200 pg/L
Na 23 Sc Y=6.542E0X+2.288E-1 0.9997 0~20 mg/L
Mg 24 Sc Y=3.185E0X+7.005E-3 0.9995 0~20 mg/L
Al 27 Sc Y=1.175E0X+2.321E-3 0.9995 0~20 mg/L
K 39 Sc Y=2.956E0X+3.619E-1 1.0000 0~20 mg/L
Ca 44 Sc Y=2.093E-1X+3.456E-3 0.9999 0~20 mg/L
v 51 Sc Y=6.884E-2X+3.040E-4 0.9999 0~200 pg/L
Cr 52 Sc Y=8.951E-2X+3.584E-2 0.9999 0~200 pg/L
Mn 55 Sc Y=4.875E-2X+4.394E-3 0.9997 0~200 pg/L
Fe 56 Sc Y=7.172E1X+1.376E-1 0.9999 0~10 mg/L
Co 59 Sc Y=1.349E-1X+1.166E-3 0.9999 0~200 pg/L
Ni 60 Sc Y=3.693E-2X+1.016E-2 0.9997 0~200 pg/L
Cu 63 Sc Y=9.964E-2X+1.265E-2 0.9993 0~200 pg/L
Zn 66 Ge Y=1.804E-2X+1.136E-2 1.0000 0~200 pg/L
Ga 71 Ge Y=3.003E-2X+1.652E-5 1.0000 0~200 pg/L
As 75 Ge Y=1.401E-2X+9.189E-4 1.0000 0~200 pg/L
Se 78 Ge Y=1.058E-3X+1.999E-4 1.0000 0~200 pg/L
Rb 85 Ge Y=6.128E-3X+6.374E-5 0.9995 0~200 pg/L
Sr 86 Ge Y=8.101E-3X+4.678E-4 1.0000 0~200 pg/L
Ag 107 Rh Y=8.298E-3X+2.268E-5 1.0000 0~200 pg/L
Cd 111 Rh Y=1.581E-3X+1.748E-6 1.0000 0~200 pg/L
Cs 133 In Y=1.562E-2X+3.446E-5 1.0000 0~200 pg/L
Ba 137 In Y=3.084E-3X+1.801E-4 1.0000 0~200 pg/L
Tl 205 Bi Y=1.888E-2X+1.142E-4 0.9999 0~200 pg/L
Pb 208 Bi Y=1.308E-2X+7.061E-4 0.9999 0~200 pg/L
U 238 Bi Y=2.502E-2X+2.103E-5 1.0000 0~200 pg/L

F4 REMERENKRERFEZR

Table 4 Limits of detection and limits of quantification of mixed standard solutions

WEITTHR K H B /(mg/kg) FE PR /(mg/kg) MEITHR K H R /(mg/kg) FE HE PR /(mg/kg)
Li 0.03952 0.11855 Zn 0.00321 0.00962
Be 0.00497 0.01491 Ga 0.00008 0.00024
Na 0.05573 0.16719 As 0.00092 0.00276
Mg 0.01416 0.04247 Se 0.00660 0.01980
Al 0.02692 0.08077 Rb 0.00019 0.00057
K 0.13548 0.40643 Sr 0.00214 0.00641
Ca 0.03709 0.11127 Ag 0.00008 0.00024
\Y% 0.00014 0.00042 cd 0.00008 0.00024
Cr 0.00146 0.00437 Cs 0.00004 0.00012
Mn 0.00039 0.00116 Ba 0.00055 0.00166
Fe 0.00457 0.01372 T 0.00004 0.00012
Co 0.00018 0.00054 Pb 0.00027 0.00082
Ni 0.00234 0.00703 U 0.00003 0.00010

Cu 0.00014 0.00043
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Table 5 Precision of the method (n=6)

R
MEILR
RT3 RS 1%
Li 4.440 pg/L 0.69
Be 0.148 pg/L 2.38
Na 1.307 mg/L 0.85
Mg 13.02 mg/L 0.19
Al 6.761 mg/L 0.53
K 9.960 mg/L 0.04
Ca 16.25 mg/L 0.21
\% 14.50 pg/L 0.28
Cr 21.18 pg/L 0.17
Mn 176.4 ng/L 0.02
Fe 4.233 mg/L 0.50
Co 2.256 pg/L 1.50
Ni 13.65 ng/L 0.26
Cu 52.77 ng/L 0.04
Zn 146.2 pg/L 0.02
Ga 2.135 pg/L 1.81
As 2.257 pg/L 1.57
Se 0.369 pg/L 1.96
Rb 69.62 ng/L 0.04
Sr 121.6 pg/L 0.03
Ag 0.679 pg/L 1.09
Cd 1.091 pg/L 2.55
Cs 1.729 pg/L 1.91
Ba 90.70 pg/L 0.04
Tl 0.229 pg/L 2.51
Pb 3.521 pg/L 0.91
U 0.394 pg/L 1.85

2.5 [ERIRE

Ry e — PRGN E T e A vER P, SRR S R AT AR
FIBGREE, BRI T2 B3 DGR TE 93.90%~115.40%, i

T AR R, R TR EOR, A5 ILEK 6.

2.6 IIEIRIE
EMERE LM T EEEZRREYD R

GBW10028(GSB-19)#4 75, Bl yu 2 #Y I % (E 3976 A
SEMETEREIN, PEI% e B AE, o] LU 2 S0 A&
HAE, G590 7,

*6 FHEEWEN=3)
Table 6 Recoveries of the method (n=3)

‘2; ‘y:f:ﬁ b W wg TECF - RSD
Li 4.4090 8.0 119212 pg/L 93.90 5.0
Be 0.1435 8.0 7.6657 png/L 94.03 4.2
Na 1.2930 0.8 2.1641 mg/L 108.90 29
Mg 12.9847 0.8 13.7386 mg/L 94.24 2.2
Al 6.7143 0.8 7.6374 mg/L 115.40 2.4
K 9.9540 0.8 10.4209 mg/L  110.20 2.9
Ca 16.2020 0.8 17.0177 mg/L  102.00 5.0
\Y% 14.4502 8.0 22.5804 pg/L 101.60 2.1
Cr 21.1294 8.0 29.2135 pg/L  101.10 1.5
Mn 176.3307 8.0 185.1884 pg/L  110.70 1.7
Fe 4.2099 0.4 4.6070 mg/L 99.28 1.9
Co 2.2143 8.0 113377 pg/L  114.00 2.0
Ni 13.5988 8.0 21.2707 pg/L 95.90 2.5
Cu 52.7394 8.0 61.1570 pg/L  105.20 1.5
Zn 146.1156 8.0 154.5203 pg/L  105.10 2.5
Ga 2.0681 8.0 10.4575 pg/L  104.90 1.5
As 2.2045 8.0 10.2150 pg/L  100.10 3.0
Se 0.3591 8.0 8.5155 png/L  102.00 2.9
Rb 69.5875 8.0 77.2992 ug/L 96.40 2.2
Sr 121.5742 8.0 130.0585 pg/L  106.10 2.0
Ag 0.6716 8.0 8.8391 pug/L  102.10 3.0
Cd 1.0495 8.0 9.2428 png/L  102.40 0.8
Cs 1.6893 8.0 10.4856 pg/L  110.00 1.4
Ba 90.6622 8.0 99.0897 ug/L  105.30 1.8
Tl 0.2222 8.0 9.1713 npg/L  111.90 1.9
Pb 3.4881 8.0 11.6483 pg/L  102.00 0.9
U 0.3851 8.0 9.2914 png/L  111.30 1.3
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#*7 EFRWEVRSENELER
Table 7 Determination results of national standard
substance content

METCR SR (A W E L&A
Li 1.2540.12 1.235 mg/kg
Be 5014 47.62 ng/kg
Na 0.146+0.019 0.1411 g/100 g
Mg 0.228+0.01 0.2272 g/100 g
Al 0.18+0.03 0.1901 g/100 g
K 0.7+0.04 0.7218 g/100 g
Ca 0.456+0.018 0.4492 g/100 g
A\ 2.56x0.32 2.661 mg/kg
Cr 2.240.4 2.231 mg/kg
Mn 33+1 33.15 mg/kg
Fe 0.113+0.007 0.1151 g/100 g
Co 0.44+0.03 0.4512 mg/kg
Ni 2.26+0.15 2.1914 mg/kg
Cu 8.5+0.7 8.551 mg/kg
Zn 22.3%1 22.35 mg/kg
As 0.57+0.05 0.5801 mg/kg
Se 0.071+0.024 0.07112 mg/kg
Rb 10.5+0.5 10.82 mg/kg
Sr 51+3 50.86 mg/kg
Cd 0.042+0.01 0.0431 mg/kg
Cs 0.235+£0.014 0.2411 mg/kg
Ba 20.542.5 20.63 mg/kg
Tl 51+6 55.32 ng/kg
Pb 1.4440.1 1.446 mg/kg
U 122+14 134.2 ng/kg

27 5MEFEMLEER

56T 24 UG T L 48 T G F 5T AR H A S G ML oG 2R
FE S5 F 0 7, XTI E A I R A Y R A
(7:9.18.26-290 sl e e Xk b v B 2R R L IO L A BR 25
Y HE e o X T3 38 S0 T fR -ICP-MS/MSS 5 AR 7 A6 25
il i K I AR DG O T B A s Pl i e g
KB, AR WIS R A SRk T 3 4 T
ERHREAL ., KSR, Rtk MR
GHmEE. Bk, AFRESHFIETHT Y G
Z R EHLITE I E .
28 HEAFLHTERRESH

M 27 FOCHLCRI AR, Hrh 2R AR A
WITHICE S EE S, WK, Ca, Mg, Fe%; HEAJEIT
# Pb. Cd. As. Cu & 4510 0.5794.0.1743 ., 0.3662 .
8.7607 mg/kg, KT 2020 4EfR (A EZGHL ). WM/T
22004 25 HIAEY) B wlF0HE O ap e Tl ArdE ) X FE 48

AR ARE, A OLH R IR B 0 B e i s MU e
RIS,

®8 HAPEHNTRSESH

Table 8 Content of inorganic elements in Angelica sinensis

W e 2 R i 0 Wl 50 2 R it 00 7
/(mg/kg) /(mg/kg)
Li 0.7324 Zn 242717
Be 0.0238 Ga 0.3435
Na 0.2148 As 0.3662
Mg 2.1569 Se 0.0596
Al 1.1153 Rb 11.5594
K 1.6535 Sr 20.1951
Ca 2.6914 Ag 0.1116
A% 2.4004 Cd 0.1743
Cr 3.5099 Cs 0.2806
Mn 29.2908 Ba 15.0602
Fe 0.6993 Tl 0.0369
Co 0.3678 Pb 0.5794
Ni 2.2589 U 0.0640
Cu 8.7607
3 & ®

FER 2R Z2 00 i PPN |« 208 S 5 B 9
WRIEAMKEFT, YEEAEEMLEFRIET L,
A A B S IR ARG 1 JCHLOG 2 i A ik,
DIVESERE 7 7k Sc 48 o AR gT T 1 B Aol T 17 - B BB DU A
FFE AR A 55 B F AR T I e A 27 R TCHLITE M
5o MRS R R A A2 5 X RE L A T TS R, A
BB AR T 28 S5 Y i KU, 980 T RRIN T 2 R, )
W, G TG AR T R TR, KiRiEA T 1T
VR SR 5 H 12 DU R ATASE = 802 T i T4k,
Z AR ISR XS BRSO, 5155 B AR s AT T A
WOREIE; SR E ShibRE S ICP-MS/MS AI7E 3 min S8 J§5HY
ik RE 27 FMIEHLICE M FEIE; X BFSE 8 ST iy e
3T H 5, SRk A, KR, s R
I, G AT, FESLIAR mISCR I R, [, bR o
YT TN 25 SRS AR ENE . I, AR ST TR
AIYER . PR M S At I R Y 27 FREHLOCER

SE Mk
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