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(Se) . 4a(Cd) %% (Sb) 41 (Ba)#=45 (Pb) 14 Fr i WA B F AT F ik, 7 ik RIDBOLE -4 BAB5E6%5 B TR # (ICP-MS)
o AR AR AN - A (21, VIV) Bk RS R ICP-MS s & 14 748 T 50943, 42 (L1) 4u(Sc) 44 (Ge) 42(Y) 4R
(In) 4t (Bi) A (Tb ) RAERAE A WAR, ABABE AR ED IR, R B F FA UL BT LT A Z KRB >
0.999 6, # 3 FR£2 0.002~0.035 pg/L 2 18] , heAE =0 % 72 80.57% ~104.2% Z 18] ,RSD /£ 0.34% ~2.711 % 2.1, %55 %5 /5
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Simultaneous Determination of the Content of 14 Common Metal Elements in Ganmao Qingre Granules by
ICP-MS

ZHOU Wei-¢', XIE Wei', YANG Li-jiao', JIANG Shou-jun’(1.College of Pharmacy, Guangxi University of Tradi-
tional Chinese Medicine, Nanning 530299, China; 2.Yulin Institute for Food and Drug Control, Guangxi Yulin
537000, China)

ABSTRACT OBIJECTIVE: To establish a method for simultaneous determination of the content of 14 common metal elements
(Mg, Ca, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Cd, Sb, Ba and Pb) in Ganmao qingre granules. METHODS: Microwave diges-
tion-inductively coupled plasma mass spectrometry (ICP-MS) method was conducted. The samples were digested with concentrated
nitric acid-hydrogen peroxide(2:1,V/V), and then ICP-MS was used to determine the mass concentration of 14 metal elements. Li,
Sc, Ge, Y, In, Bi and Tb were used as internal standards, and branches and leaves of bush were used as standard substances. RE-
SULTS: The correlation coefficient of the standard curves of 14 elements was larger than 0.999 6, detection limits were in the
range of 0.002-0.035 pg/L, recoveries were in the range of 80.57%-104.2% and RSDs were in the range of 0.34%-2.71% . CON-
CLUSIONS: The method is specific, accurate and sensitive, and suitable for the content determination of 14 common metal ele-
ments in Ganmao qingre granules. The total mass concentrations of 6 batches of heavy metals are all meet the requirements
of Green Trade Standards of Importing & Exporting Medicinal Plants & Preparations.

KEYWORDS Microwave digestion; ICP-MS; Ganmao qingre granules; Metal elements
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i) A A H 2449 55 8 SR T A RS A A A AR £ Ak
2y I VE IR 2R 200, AR, 54 ok B i i rh B2 AN
B IS P 1 3 2R 0 22, R 3% 0 0 K T o Hh 2 s b i 2 vh
T LA AN 4 JR A R, S8 I SNk Y 1 e 2 s a2y
P4 EE 4 J A AR DGR E ™, Uk AT, 2010 4F it v [ 24 i)
(—3B) i AN B B T IR R & TR e R B A L E
T e R LE AR T N AR AE AR B B i R R S
Wil B3 SR AKZ B E SRS FRIERT, TR
B I PIURL I I 7Rk, S BRI, FRATT T A T )k
BiEHER iR R M E SRS H AR TR &R, A
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1 #Rl5AR%®
1.1 I%z5

7500ce %I ICP-MS {¥ ( 3 [#] Agilent 23 7] ) ; MARS X-press
T A X (25 18] CEM A A ) 5 AB204-S B 43 47 K SF- (B -1
Mettler- Toledo 23] ) 5 M2l /K 2 I £ 45 (31 Millipore 23+ ) o
1.2 #mE5ifH

SR W AIBURL (LR = LA B | L i 2 1406262
LRI 25l A R ST A | L 5 - 141005 AL T 4 7240k
HRRTHAEA A 5 : 14480601 5 A6 3T Al 2 BLH & R A A
BN ] HES . 13111765, 14111717 . 14111696) , #3414 12 o/
£, I TR EEL)E . BE(Mg) 45 (Ca) 4% (Cr) JAfi(Mn) £k
(Fe) B (Ni) 4l (Cu) B2 (Zn) (T (As) (AT (Se) 4@ (Cd) 56
(Sb) .#1(Ba) 41 (Pb) JTL R IR WA R 1 000 pg/ml ([ 54
BRI O, 45 GSB G62017-90) ;41 (Li) 47t (Se) 4%
(Ge) Z(Y) H(In) B (Bi) K (Tb) N AR 1 (321 Agilent
vl ) s LiMg. Y Vi (Co) Vil (Ce) AEE (T 18 W (3£ =
Agilent 24 H] ) ;s AR (P4l , 55 %] Fluka 23 6] ) 5 i SR (2%
afi, btz Al ) s i U A (gt b ks ialn 2
) s B R (g al, Jb a5 RS A ik i A BRA 7)) s HEAR KL -
B o (bR T O, #15: 01036) .
1.3 tREREHE

B # Mg .Ca Cr . Mn,Fe \Ni.Cu.Zn .As.Se.Cd.Sb.Ba,
PO HRIEIE T, FH 2 % WG TS IR WO e 6 e, B Mg . Ca.
“Mn. “Zn. "Ba JR R W, TR BE Ry 10,50, 100, 150,200,
250,300 pg/L (45 E 2R 41 T 4E I ; Bic il “Cr."Fe ., *Ni.“Cu,
“As.”Se. 'Sb.""Pb VIRV , BT 0.1,0.5.1.5.10,
20,50 pg/L bR ifE 2 40 T AR ; Bl ™Cd BT e & 8 0.01
0.05.0.1,0.5.1.0.5.0.10 pg/L BFRIEZR I TAEW -
14 RUBHME R E R

WERRFR 0.5 gCRSH 220, 000 1 @) FE S THEE I MU 2

TEIEE 2015 FHE 26 BE 24

S B T AR A 10 ml SR, FE R T AR 0.5 h)E , 7
TS mlast 40 & OB i, 727 4R - 46 800 W R, 8 min 4
THEZ 120 °C, 445 10 min J5 , 76 1 400 W T, 5 min N THEE
180 °C, 445 20 min, M S G HHE T2 FFRUERE SR
RS IO T M RS R A A R R SR R, 2% R A R
iR i 22 25 g R 22 0.000 1 g) J5 e
15 S IENTIESH

IBCAILHT B M B 1 pg/L ¥ Li Mg .Y .Co.Ce . Ti ] it§
YT ICP-MS ACHEA TR, DAGRIE (SR 1 R AR RS e . 40
BT AN 09 0 6 B AR R SR Z 225 1 500 W, SR oy
1.67 V, 5 AL =R 2 °C, #A W K 0.85 L/min, #ME I
4 0.21 L/min, JFFRRECH 3 IR IR B 254 0.1 ps.
2 H#HR
2.1 FAEMEMEXER GHIR

PEAAL A ZHUG % R GVARIE AR LA M2 i iR
(2% T FR V5 W) HEA TR , R FAE S N, N 43 301 8 Li
Sc.Ge.Y.In.Bi.Tb, LATCH M BT (x, ng/L) AR AL bR (I
T FR () G AEARZs hil AR e 2R, 15 3] 45 T 28 19 Ze Pk [l 0y
TABIE B, HhZS U™ A B A e g (A B v A 2 (o)
1) 3 A5 BT XS oL A A0 7T 26 TS VA A AR A PR, 25 51
W1,

F1 ZKMHFE LZEEEMNGHR

Tab 1 Linear equations, linear range and detection limit

5 niE UL AIER, po/L ro B pgL
1 Mg p=5127rH0.18 10~300 09999 0013
2 SCa o y=1391x 1073 X107 10~300 09999 0002
3 SCr y=1A 10744328 X 107 0.1~50 09999 0011
4 Mo p=1381rt1.232 10~300 09999 0025
5 e p=098TrH2485 0.1~50 09998 0019
6 N =283 % 1077217 X107 0.1~50 09999 0.009
7 SCu y=T656x 102215 0.1~50 09998 0035
8 “Zn y=2404x107v+1603 10~300 09999 0003
9 A =040 k5525107 0.1~50 09999 0011

10 e y=6383x 1073198 x 107 0.1~50 09999 0007

11 0 =668 107r+6.380x 107 001~10 09999 0.008

12 "iSh y=2351x10"x42.615x 107" 0.1~50 0.999 6 0.029

13 By y=9413% 10 6641 x 107 10~300 09997 0012

14 Bph =S 10r+8499x 107 0.1~50 09999 0032

22 FREHERE

AR AR AR AEY) 5T GBWOT603 122  1EM
DT ER R . A5 E (AR S B P I e (e S
SRR AT, DERHZO T e ] R R 2.
2.3 EEERRE

HURE B I BRI RE S (S £ 1406262) 36 5, #¢1.47 T T
TR T AR AL B 0 ) (S S5 R A T 6 7, T
1A TRV, TR 6 ASRE b R A T R TR B 1 F 2 (E R
FE% LM RSD. 2554, 147 WL 42 J8 L E ) RSD 4 0.57% ~
1.58% , T AU AAE B LA A5 5 T 28R PRI 3R 3.
24 RREMRE
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R2 BEABMIREMRNELSR (n=06,ng/L)

Tab 2 Results of bush branches and leaves of certified refer-
ence materials(n=6, pg/L)
P L WEryE || ok il Wi T
*Mg 4.800+400 4930 “Zn 206122 18.87
“Ca 1.68£0.11 1.568 "As 125£0.15 1.125
*Cr 262020 2575 Se 0.12£0.02 0.122
“Mn 61.0+5.0 61.01 "'cd 038 0.381
Fe 107057 1019 "l 0.095+0.014 0.091
“Ni 1.740.30 1.681 By 18+2 1792
“Cu 6.610.80 6.791 b 4743 45.81
*3 RBEERKRER(n=06)
Tab 3 Results of precision tests(n=6)
b FHE, pg/ml RSD, % TE T, pg/ml RSD,%
*Mg 6425 0.67 “Zn 2714 1.58
“Ca 11.67 0.86 "As 0361 1.26
*Cr 0.006 1 179 Se 00183 142
“Mn 631 0.73 "'cd 0.001 61 1.28
Fe 0456 0.62 I5h - -
“Ni 0218 057 "Ba 3012 083
“Cu 0211 1.08 P - -

TE: =R A 2

Note: “~" means it was not detected

BURE A (151 1406262) 24 0.5 g WSS HRE , F1“ 14" W R 7
Pl g B R, 4 TR 0,204,824, 48 h B 7 A
M. 459 ,Mg.Ca.Cr.Mn.Fe Ni.Cu.Zn .As.Se.Cd.Sb,
Ba.Pb i RSD 739 8 1.17% . 1.12% . 1.03% .1.86% .1.72% .
1.05% .0.82% .1.22% .1.99% .1.19% .1.82% .1.43% ,1.05% .
2.33% , %W 1A FIIC R A A8 h INFRE M R AT«

25 EEMHAK

HURE L (151 1406262) 29 0.5 g, K S FRE % 1LA" R 7
Peitl A UL S VA W, A TR 6 . 455, Mg.Ca.Cr.Mn . Fe,
Ni, Cu. Zn, As. Se., Cd. Sb, Ba, Pb 1Y) RSD %3 % & 0.96% .
0.52% .1.23% .0.68% ,1.45% ,1.92% .1.24% . 1.65% ,1.12% ,
0.86% .1.87% . 1.69% . 1.77% . 1.89% , 3% BAA )y 1 81 42 PE &%
o
2.6 InEEEKERRE

U W BURL (LS« 1406262) 36 Tk, 2L 6 4y, BE S i 4b
P 147 A TR, A5 6 M RE RGBS , TSI
TR T B AL IS ARG % . 55, BT R IR i
BILE 80.57% ~104.2% Z [f], J7 1k I3 R AT, £ JCFK T RSD
F0.34% ~2.71% Z 0], FFG BTk T LR 4.

27 HRPETESENE

F4 IR R (h=06)
Tab 4 Result of recovery tests(n=06)

iE e, Wﬁ%m. pg/l wrﬁﬁm pg/l Eﬁi%ﬁfﬁ pg/l
- pgl AR WEE EMEELE. % RSD% MAE MR EHMEENE,% RSD,% AR WIEE FHIEENE% RSD,%

My 1275 | 1284 9.3 181 10 1369 94.03 134 50 1764 978 095
°C 2334 | 843 91.69 1.04 10 131 9732 112 50 8.1 9747 1.03
°Cr 1,069 1 2057 §7.29 271 5 6.057 99.76 078 10 1105 9981 1.54
“Mn 1284 1 1292 $3.13 093 10 0l %7 192 50 179 99,07 049
e 9.118 | 10.12 100.20 132 5 1394 96.44 058 10 1872 96.02 073
“Ni 4284 | 507 98.92 151 5 8939 9.18 083 10 1407 97.86 14
“Cu 0402 1 1271 86.89 18 5 521 96.19 102 10 1023 98.28 081
“n 468 1 4763 81.62 13 10 55.74 89.24 092 50 92.63 91.62 LIS
BAs 0.138 | 1079 .13 17 5 4981 96.96 137 10 9,756 96.18 0.76
e 0322 | 1127 80.57 261 5 5013 9.8 068 10 10.03 10050 138
" 0031 01 0.119 88.14 1.99 05 0454 8461 0.9 | 1213 89.18 087
i) 1 1.042 10420 125 5 5,002 100.00 083 10 9263 92.63 098
By 59.98 | 60.81 8332 034 10 68.51 8532 112 50 1078 95.64 149
“ph | 1021 10210 178 5 4762 95.24 083 10 8931 8931 154

H6 SEUCHE i, #5147 5T J 1 A TR AL 3RS A, A
FEGRAT 3403, R PP R R e R P & T R I & i
SERL UCa il F R, “Mg "Mn, "Baik 2 , SLPrkERL 40
Rl EEE %5,

3 iFig
3.1 MERERNRIE

AW R bR R FH B ik B2 34 1.0 pg/L 9 LiSe.
Ge.Y.In Bi . Tb IR G AR N WA, B TR F ICP-MS i:4E
ZICE TS, 255 Z B E AL RN 2 J5 7 B 7 0 T R
T AN TR] T 2 ] 4 J0 R ) 2 S A o B R R 25 T AE R N
Bk AT RO IR A5 5 RS , WA U A IR IR 2%
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3.2 HERBEFHMRKL

L S B A HLRLSY , T LARE RS R AR R AL
SRR e SRR S ik S AL TRV 1 A ), R ML 43 72404y
il A BRI T A T R A R SN B 8, PR, AR B 5 43
% ZE LR A IR - SRR (32 1, V1) VR - WU K (221, 77
V) RASER-BUEEUK (121, V1Y) HRASER- XK (122, VIV) JVRAY
BR-BRIR (3: 1, VIV) VRAEIR-BRIR (2: 1, V/V) AR - B2 (1
LVv) HRASIR-BRER (12, V/V) WSR-S R (3: 1, 11V) Ik
TSR - SR (2 1, V7V) AR R (12 1, V/V) R R -1
SR (12, VIV)VE I s SR TR I BT, LU A 02 Y
MIBCRRCR . G530, SR MRS RR- DK (2: 1, VIR T i

SEIE 2016 5 26 B 24 M



FIF, 843 A oG 2% 10 1) s R B 7 83.13% ~104.2% 2 [4a] , T J
AR i At ) B4 iV 5 TSRS AR
*®5 HEBPETEWEE(n=3,mg/g)

Tab 5 Results of elements’ contents in the samples (n=3,

mg/g)
- . s
s R 1406262 141005 14480601 13111765 14111717 14111696
| Mg 6425 6721 6823 6521 STI0 6210
2 “Ca 12120 13218 14216 13561 13986 11234
3 “Cr 6345 71.88 80.97 7443 70.01 04.86
4 “Mn 6420 6321 6723 6512 6721 6108
5 “Fe 398.1 356.2 918 3012 465.2 3428
6 “Ni 2142 3019 3429 2319 198.5 199.2
7 “Cu 20.12 1932 18.94 1712 1842 16.98
8 “Zn 2341 2456 2543 1929 2135 2147
9 As 345.2 3794 3816 3012 2974 3129
10 Se 16.12 16.31 18.01 17.01 16.77 16.63
11 Cd 1.553 1812 1.703 1.329 1212 1.345
12 "iSh - - - - - -
13 "Ba 3024 2861 3120 2901 3213 3412
14 “ph - - - - - -
e PR N a2
Note: “~” means it was not detected
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M TA B AN A T 200 ZH v i 24 1 4@ A 45 2L Horp g
123 FIREAEM, TCRERG 1 2y slih s 25 i I PRfb & e . 3%
] K RN AR T I 6 T v 2 R T 4 T B
bro Mo, SEEZ MU E , B2 EE 4 Jm A AN 10~20
mg/kg, 7 (Hg) <3 mg/kg; As<<3 mg/kg 251 & [ (25 e

Wy KRR I O G EAT AR E T E AR S A T

20 mg/kg®” . MAIKIGZE RE , 6 MUKW E L B S m 58

FARES Bttt O g d AR ISR o 1 2010 4Fpdrh

[ 25 ) (—38) A 3% B 1 PBORE o BAR G Jo = AR 1 PR

FUE ARz b s (8 R R, A b B o 4 i A I 3 B PR

w, DR A e bt L, d oy — i a s R R
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