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Determination of five elements in Lycium ruthenicum
by microwave digestion-ICP-MS’
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(1. Gansu University of Chinese Medicine, Lanzhou 730000, China;
2.( Tibet ) Traditional Medicine Resources Institute, Lanzhou 730000, China )

Abstract Objective: According to the general chapter 2321 of Chinese Pharmacopoeia, to provide a reliable
basis for the quality control and safe use of Lycium ruthenicum. Methods: Contents of five metals ( Pb, As,
Cd, Cu, and Sb ) in Lycium ruthenicum from different habitats were determined by microwave digestion—ICP—
MS. And the results were evaluated by The Import and Export Green Industry Standard of Medicinal Plants and
Preparation. Results: A majority of the determination results of Pb, As, Cd, Cu, and Sb in 16 L. ruthenicum from
different habitats were below the limit set by Chinese Pharmacopoeia and The Import and Export Green Industry
Standard of Medicinal Plants and Preparation. Conclusion: Microwave digestion—ICP-MS can determine the
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content of five metals in L. ruthenicum quickly.

Keywords : microwave digestion; ICP-MS; Lycium ruthenicum ; heavy mental ; element; Pb; As; Cd; Cu; Sh

MR ( Lycium ruthenicum Murr ) SRRk
( Solanaceae ) FAT JE@ AW , J2& & [ PG b 572 155 b X — Fojp
FEA BT AR AR YR, E2 A TR TR H
TR RIS (DURREE ) (RERAR )
(HEB IR 28 ) S B Erh g 48, SRR AL HAT T
#E P SELTER, TR ORR LR T 28
AR AL AERE , FF B IR g hasett | H K%
JEo BEE AT FRAE RO g R SRR R e i, 25 2 [
PR SR SRR A 3 5 2, o T ERBE A5 Y
DL F SRR, AR S AR O
e 3% [ 25 F0lb & R EE A, AR A Z 4
JE 15 Y25 AR I ME LR, 25 2 B, & LA
— BB, X ARG R, 2 T80 Pl , JoIL
SR ARSI B I i 25— S g N2 B B
e R E Y E S SRR A
&, h 2594 (Ph )46 (Cd) & 5 SR AYAS KO
A RFR, B sl , KR E AU R ek ]
8, PRI, T — P S0 B A SR A v R AR AT
e B S S Th AR B il e vk
A IO RO R U0
JECRE T BRI S AR ARSI SR
BT ERZ L , (B & 4 2 AR B (1CP-
MS) FA TR F O R S RIE . ORI R
TH AR (B8 A 75 /DN R AR T 48 S5 AR A0, T PR
BB TR (ICP-MS ) g% A I Pus A6 22 ot
RN RRAK, sl B, TR RS fE 2y
WA FE TR R b i R PO AR S
FHAHCH T f% —ICP-MS ¥, % 16 ftt 2B S 4 42 v Ph i
(As).Cd i (Cu). %86 (Sb )5 FICE B & IR,
hy FESR AR ) B A i S DA SR AR A AR
1 XE5KH
1.1 X #%  ICP-MS 7900, Agilent; fif 3 T8 f# 1%,
MARS, CEM; # 457K 1%, D24 UV, MILLIPORE; J7 43
Z— K-, MSE324S-0OCE-DU, 28 £ I3
1.2 B0 AR (ks K. iR TARRA
F], CAS: 7697-37-2 ), bRty [ H EARE R, As.
Cd . Pb A IR A FRUEA TR CAS: GNM-M04033-2013, Ji
HVRIE 100 pg - mL7 585 (Bi ) 8% 85 (Ge ) 48 (In )k

AL i

Sh il , fifi 1 A F UE 7% % CAS: GNM-M08133-2013,
JiE dt Hk BE 100 pg - mL'5 Cu B I % b E ¥ T CAS:
GBWO08615, T 100 pg - mL™',

1.3 20 ARES P T ) R SR A AT A 5 R
1o M P BE 2 R ¥ B S i BHE )
RIS TR RS AR A T HON th R 2 KA
hrAE
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Tab.1 The collected information of L. ruthenicum samples

REEN ]

G KA
. ( collected
(No.) (collected location ) )
time )

1 il 48 B 73 £ ( Xiba Town, Jinta County, 2013-09-06
Gansu Province )

2 P UERS SR ORTTI P 4 3% ( Hexi Farm, Golmud  2013-09-05
City, Qinghai Province )

3 NSE AR AN 45 XU ( Dongfeng Town, Ejin - 2013-09-05
Banner, Inner Mongolia )

4 Hil 4 BRI ( Dongba Town, Jinta 2013-09-05
County, Gansu Province )

5 H SR 4 s HL R ( Yangjing Town, Jinta 2013-09-17
County, Gansu Province )

6 HR Y SR 4 35 B 5B ( Dingxin Town, Jinta  2013-09-05
County, Gansu Province )

7 2L ((Qaidam Basin, Qinghai Province ) 2013-09-25

8 B ZEHIIX ( Aletai Region, Xinjiang 2013-09-15
Autonomous Region )

9 FHEEPEM (Haixi State, Qinghai Province ) 2013-09-25

10 Hliig k% ( Yongjing County, Gansu 2013-09-13
Province )

11 HNIP SR 4 25 ELE ( Jiantan, Jinta County, 2013-09-06
Gansu Province )

12 HMNB R4S L RET % (Dazhuangzi Town,  2013-09-05
Jinta County, Gansu Province )

13 A1 3 X ( Hetian Region, Xinjiang 2013-09-15
Autonomous Region )

14 HiNskim 6 8552 (Heli Town, Gaotai 2013-09-04
County, Gansu Province )

15 sk & Eopr i £ ( Xinba Town, Gaotai  2013-09-07
County, Gansu Province )

16 HAMMEWE S EIHA) (Shangjing Town, 2013-09-07

Sunan County , Gansu Province )
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2 HEEHER
2.1 ICP-MSlE  TARSMFULE 2.
*®2 ICP-MS (NETIESH
Tab.2 Operating parameters of ICP-MS

TCR AR SR AR, 2 45 TR AR T AT
kTR AT R A e R SR 4,

x4 STHRTREMEXR

Tab.4 Linear relationship of five elements

BEAEIT (item ) BEsE 414 ( condition )

iR ( power ) /W 1500

VRIS (Ar) ikt 15.0
[ cooling gas ( Ar) flow /(L min™")

HBR (Ar) it 1.0
[ auxiliary gas ( Ar)flow ]/(L-min™)

FA(Ar) JiitE L0
[ nebulizer ( Ar) flow J/( L+ min™")

RS (N fLAR 1
[ sampling cone ( Ni ) aperture ] /min

HIBEE (NI fLAE 045
[ pick up cone ( Ni ) aperture ) /min

R 5 R B
('signal acquisition mode ) ( jump peak )

FHIREL 40
( number of scans )

BRI R] (B ) / it 1 0.02
[ ( dwell time/s ) /channel ]

BT T TE AL 3
(‘each quality channel number )

SR AN i) 0.06

(total acquisition time ) /s

_ HKEEE () i B
% 5 ‘ o
. . ( correlation (' detection limit )/
( element ) ( regression equation ) . a
coefficient ) (pg-L )
Pb Y =3 685X+222.4 0.999 4 0.036
Cd Y =2 964x+106.2 1.000 0.022
As Y=594.3X+136.8 0.999 8 0.058
Cu Y =861.6X+138.7 1.000 0.024
Sh Y =2416X+457.2 0.999 6 0.043

2.2 BMIEML TAESEOLE 3.
®3 REBNUTIESE
Tab.3 Working parameters of microwave digestion

IR o TR

ST YIS JEFF i [ A5 1]
il RO e T etion PP
A8 (maximum (climb (keeping
(step) )W ( power " ) mi temperature ) " ) /i

step ) power usage ) 1% ime ) /min /G ime ) /min

1 300 5 5 120 10

2 500 5 5 120 10

3 800 10 10 180 15

2.3 IR IECH] M AniE i & hl HEER
T ASKE B HH P, As . Cd . Cu . Sh IR A FRUEIR S 2
JH 10 % HE B2 7 WA B BLRE 1 mL 7% Pb. As.Sb 0.
1.5.10.20 ng, % Cd 0.0.5.2.5.5.10 ng, 7% Cu 0,
50,100,200, 500 ng 1 R I IR AW . H 1ICP-
MS 5 Pb. Cd . As. Cu. Sh A [R] B (TR A br iR
WA TCR AR E IR . LIS ITER B AR AL bR,

24 JFIEKEINRRR 1CP-MS A6 A [] #6 2 ) Ph
Cd. As. Cu. Sbh AR #EF W, 3% 2kl 20 ¥k, T3 B4
FESL RN TR MbRER 22, DA R 22X & AR L R
HIZR, LA 3 15 b vHE Qi 22 X6 17 A e B 3 7 D v A T
PR 25503 4,

2.5 WFRERMTIE RS EIGE R IT R AR
HEVS W f , AR AR R LA 1 mL &5 1 pg TR
BV B

2.6 NEHE [ NARE W RER 9 BRI 17 B 43
& 1R, ESEM & 20 d, 530N RSD. Bd 2 7y
BRI, BRI 1 Wk, 22 20 d, 1H5HEE] RSD,

Gt o AT B AR HETR 250 RSD <5%, W3 5. £
POTIENG L e B SRR
x5 BEERE RSD Fit5#( % )
Tab. 5 Statistical analysis of variation
coefficient of precision test
J?*‘? 5iA %I‘EW ﬁtl‘lﬂ .El [ oty
( serial Coroiect) (intra— (inter— (inter— (mean )
number ) projee batch ) batch ) day ) mean
1 Bi 2.3 3.8 14 2.4
2 Ge 4.2 3.5 2.7 34
3 In 34 2.1 2.7 2.6
2.7 WEWREE  NARVAWOEZEIERE 6 U, SRINAS(H 1)

AR 22, DA 5 25 B3 L DI bR a0k B 1Y) U
PR IR WERR B . 45 SRAE 2.6%~3.3% Z |1,
2% BHAZAGHIN T R A 1

2.8 HEM
B 1SR CHR S B g ) % “2.10” Wi R

AR R
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AESEAT 45 6 14y, 742 IR 1CP-MS ] /& T4 &5 44, v B
63Cu\75As\ ”4Cd\208Pb MR o 63Cu\75As Ll 2Ge
KAR, HCd LI R PR, 2P DL 2UBi AR AR,

ML, 43 35E Ph.Cd. As. Cu . Sb 5 FhIC R /Y
FrvfEfw 22 SES41E & RSD. 455 78 RSD <5%, %W
ARSI IE R M. W3k 6 IR .

xo6 EEWRXBERIN

Tab. 6 Analysis of repeatability experiment results

J¥5 (No.) T H ( project ) Ph Cd As Cu Sh

1 SD 0.014 0.007 0.003 0.536 0

2 SEAE 0.417 0.271 0.125 19.865 0
(mean)/(pg-mL™")

3 RSD/% 0.033 0.027 0.021 0.027 0

2.9  JINEEREDSCRIRL
OREAS 1, ZEREAR 1 A B A “2.37 011 i il
AR IETATR , S B0 I 3 /BB BE B PR T S FE AR

FTR G IR, TR AR £ 3 U, SR I3 RSD, 445
ESTZNELE Y T

RT MELOKERIEER

Tab.7 Recoveries test results

TR A& Jinbr s TFHH [EEVES RSD/%
(element ) (content )/(mg-kg™") (added)/(mg-kg") (found )/(mg-kg™") (recovery )/ (mg-kg ™) n=3
Pb 0.417 0.1 0.512 95.0 6.2
0.417 0.5 0.896 95.8 35
0.417 1 1.463 104.6 4.4
Cd 0.271 0.25 0.524 101.2 3.6
0.271 0.5 0.785 102.8 5.2
0.271 1 1.227 95.6 4.7
As 0.125 0.1 0.226 101.0 4.1
0.125 0.5 0.631 101.2 5.3
0.125 1 1.225 110.0 2.7
Cu 19.865 5 25.054 103.8 4.9
19.865 10 30.106 102.4 4.2
19.865 20 40.073 101.0 5.1
Sh 0 0.1 0.102 102.0 2.9
0 0.5 0.477 95.4 3.2
0 1 1.021 102.1 2.8

2.10 FESYEEIE AR BRAZE, WK T, Uk
Feop 4 i H AR, B 60~80 CCHEAR H N 8~10
hit T, % 5 & FHo 4 3R %5 B 0.400 0 g 4b B
U SR SR AT KR A, 45 3 00, T SR DU 360 £ 0 T At E
o, AR 4 mL, B84l K 4 mL, B T 3o 9 i A
Fie “2.27 TN A THR )R, TR A
260 CLAF, e, ICH T A, v, B T TR G
A 50 mL B, /D R Al K e A T R E 3 Uk, Tk

AL i

WAEIE TR B, FEHaR = [ Bl
i
3 FR

P 2 AT e e MRS TAE &A%, 2 B PCu P As
Cd P AR Ho ®Cu. PAs LU PGe HIAR,
MCd P R AR, 2PPh LA VB AR AR, 4300 X
16 A ] b X SR SR MRS i BT 55 5 FhoT R 4TI E o
0N 8 Fin .
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£8 16/ hBRMICHSHTESE (mg-kg')
Tab.8 The content of five metals in L. ruthenicum from different habitats
5 R
tﬁ(iiﬁ? ( sample weight ) As cd Cu Pb Sh
/g
1 0.462 0.125 0.271 19.865 0.417 0
2 0.382 0 0.923 69.117 2271 0
3 0.369 0.230 0.698 47.371 17.642 3.659
4 0.336 0.804 13.118 51.719 17.217 0
5 0.362 0 20.463 84.261 1.492 0
6 0.416 0 13.42 120.379 5.733 0
7 0.404 0.526 0.229 67.395 8.441 0
8 0.322 1.009 0.085 16.452 0 0
9 0.408 0 0.38 42917 15.956 0
10 0.351 0 0.256 83.412 0.912 0
11 0.35 0 0.043 49.314 10.814 0
12 0.359 0 0.021 21.943 0.481 0
13 0.492 0 0.147 44.080 0.351 0
14 0.349 0.774 0.236 29.069 1.075 0
15 0.388 0 0.090 22.352 2.004 0
16 0.389 0 0.257 23.425 0 0

4 WHRSHER
4.1 BHE (P EZG ) 2015 4R R (24 R
HFAE S SR EA T AR ) TRLE : Pb <5.0 mg- kg,
Cd <03 mg-kg',Cu <200mg-kg', As <20mg- kg,
M SC B0 45 BT LA Y SRR AL 16 47 b, As JC
FAPAE R LN A bR, LA 10 A4S H X
A As TCFE, FLHT BB ) 78 b X As 75 28 e g
41 1.009 mg - kg'; Cd JTEEA 10 4 HX bR, H
HH R SR A 5 B AR IR H I SR A BRI
TR SR 43 EL R 3 A M X A, 4 A
13.118.20.463 . 13.420 mg - kg™'; Cu IR H A 2 M Hb
XA BRI FRE , 4 4~ H DX NI AR ERR &, 10 4~ H X ™
AR, I DU H R SR 45 B R B R T =
1K 120377 mg * kg ™'; Pb JCEA 10 X R H AR, H
Hv 2 A b DX s ] A0y 2% A R A e A RS T 3
Sh JCE 16 A7 My FUA P 52 0 5 A e 2 XUBEL
PRI RG Y, & B 3.658 5 mg - kg, HiAHE X 2 ok
Kith

H S0 25 SR AT & PR, 16 472 i SRR A AT, A
14 77 4l Cu TR S PR, AR 2 P HbIX %
PREE, Cu 5 AKRERCREY), Cu tXBREESE

JEICE ABH R NEAREH DR ITTERZ —, Cu &
MU N ORI 9 B B2 2 BB 40, VF 22 B i 5
B Cu S 5L, AR RN, B T 5 AR
H, Cu RN 1.4~2.1 mg; MK Cu Y& 52
4 1.0~1.5 mg, X TAEHp B A BN &5 5 I W s 1T
AR B B LOEBAR A9 Cu 70 2 X KRB R A
WA BT B — 2P e, N AR H IR o 2 A
e e ] it ) AR T A

Sh JTE 16 4>y Hb i HUA N 52 1t 80 5 9L 7R XL
FERG L, S5l 3.658 5 mg - kg, HIATHI X B R A6
7T, E 28 ) 2105 AE R 2 R B
FE SR T AR UE ) 1A KT Sh TR B R Er
fE. 7E (e N R A [ bR ETS K25 & HEhR
#E), Sb J& T2 — K15 44, Hodm i VT HEBOK B R
0.1mg- L'y Z9KFRM,Sh ot E i/ NUERE (K,
) R 100 mg - kg™'o LA Sh G E 1 7 &t fR 75
M — 20 BRI AL, X BRI A AL i BT S e B R M —
5.

RARMALTE £ 8 & BB AR R TR Db
X AR, Bl Cd JEER 7E 43 b X i bR i
R XA RE S AKX A O, PEHGEE SR

AR R
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Cd PEERN S T ES R Cd mAEY L 35
B A S T R R T AR, BEAERE ST
FLAR b X AR s NI R L ; QPR35 G : il Sb JT
R NS AT AR RVBEARS H , 95 Y J R ] g
S HARK HESGE K Z EA R I5 Y, FECE R
FoH R Sh ToER s MY e JEEH : JELLAEYIX 4
HA FHEER, BRSNS E o E R EE A & EME
FHUA B AE F it 5 e 2L — 25 500E

42 45t ARSI HE ST O R -ICP-MS 74
MRS S BT E W I T R R TR Ak
T 5 VR T A A B ELA PR, TR, ORI
BN A Y TPV N2 = B e WL e 0 R )
PRI SR A S5 15 T 1CP-MS HLA [R] P A £
FROCE, K th BRAT, 40 Ar s B bR, T/ G e A
Mo FTIGE 16 AR [A] 7= H PR SR A AC 4 B T
Pb.As .Cd.Cu.Sh & KHMFFA (P E 258 ) 2105
AR ) A 24 AR B 0008 S O st Tl ) I
L Y B bR A B AR, T T A —1CP-
MS 7 AJ PR I e AR AL 5 PR EE A R TR
Al Ay IR — D S R — S AR , TR0
ICP-MS 258 SR AR Al T 4 IR T R SF i o &R
TRMNABOTE.
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