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WE B AN TREFHFHR EHSEBEE Y AR B 5 LA A= P4 (Ph) AP (As) 4B (Cd) R (Hg) (4R
(Cu)5 A FALEEFTHEEMEFETHRMREACP - MS) i FiE  RIABIH Mk LB AR, A8 (7Ge) AR (In) Bt (*"Bi) A
M AR R ICP - MS sl 2 SHA S 5% 1200 W, R A sk 4 X, s A0 A, AN B4, HAREA 0. 70 L/ min, F & FH A
RiREA 9. 00 L/ min, ik % 0.3r/s. 458  Pb MEREL 0~50 ng/ mL,As JTZREA 0~50 ng/ mL,Cd JTZREA 0~10ng/ mL,
Hg BZ R EA 0~5ng /mL,Cu R ZREAE 0~200ng/ mL JEE A L5 mALLEX & BAF(R2>0. 999 4) ;40 FR 4% 4 0. 20,0. 20,
0.02,0. 01,0. 50 ng/ mL, & & R4 % % 0.70,0.70,0.06,0.03, 1. 70 ng /mL; =4 5 5 5] 4 94.94%, 81. 30%, 88. 30%, 85. 00% ,
93.81%,RSD 4~ %1 #1 2. 01%,1. 63%,1.32%,1. 83%,1. 12%(n = 6) ; & LK I 45 R 49 RSD 4 0.92% ~2.31%(n = 6) ; ¥ % E iR I %
R4 RSD 4 0.81% ~3.81%(n = 6) .Pb, As,Cd, Hg, Cu A F L& 0 R F Mk $ei47 5 3 (THQ) 3 A T 1. EW i ik MIE Sk,
TATREH T A ELFE NI ki L 5 RBELAE

KB b BBEF BT HRAEE T RESH AT Nt

Determination of Five Harmful Elements in Ten Famous Herbal Drugs in Shanxi by

ICP - MS and Risk Assessment
GUO Pu,ZHI Kun,GENG Xiao,REN Jinhui
(Yuncheng Comprehensive Inspection and Testing Center ,Yuncheng ,Shanxi,China  044000)

Abstract: Objective To establish an inductively coupled plasma mass spectrometry (ICP — MS) method for the content
determination of five harmful elements [lead (Pb),arsenic (As), cadmium (Cd) , mercury (Hg),and copper (Cu) ] in ten famous
herbal drugs in Shanxi, such as Astragali Radix, Codonopsis Radix, Forsythiae Fructus, Polygalae Radix, Bupleuri Radix, Scutellariae
Radix, Ziziphi Spinosae Semen, Sophorae Flavescentis Radix, Crataegi Fructus, Persicae Semen. Methods The samples were pre -
treated by microwave digestion method,with germanium (™Ge),indium ("°In),and bismuth (**Bi) as internal standards. The ICP — MS
method was adopted with the radio frequency (RF) power of 1 200 W, the collision mode was adopted, the collision gas was
helium, the carrier gas was argon,the carrier gas flow rate was 0.70 L / min,the plasma gas flow rate was 9.00 L / min,and the
pump speed was 0.3 r / s. Results The linear ranges of Ph,As,Cd,Hg,and Cu were 0 — 50 ng / mL,0 = 50 ng / mL,0 = 10 ng / mL,
0 -5 ng/ mL,and 0 — 200 ng / mL (R* = 0.999 4),respectively. The limits of detection (LOD) were 0.20,0.20,0.02,0.01,
and 0.50 ng / mL, respectively. The limits of quantification (LOQ) were 0.70,0.70,0.06,0.03,and 1.70 ng / mL, respectively.
The recovery rates of Pb,As,Cd,Hg,and Cu were 94.94%,81.30%,88.30%, 85. 00%,and 93. 81%,with RSDs of 2.01%,1.63%,
1.32%,1.83%,and 1.12% (n = 6),respectively. The RSD of the repeatability test result was in the range of 0.92% - 2.31%
(n = 6). The RSD of the precision test result was in the range of 0.81% — 3.81% (n = 6). The target hazard quotients (THQ)
for risk assessment of harmful elements such as Pb,As,Cd,Hg,and Cu were all lower than 1. Conclusion The method is simple
and sensitive, which can provide a reference for the establishment and evaluation of analysis methods for harmful elements in the
ten famous herbal drugs in Shanxi.

Key words:ICP — MS;ten famous herbal drugs in Shanxi;harmful elements;risk assessment
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BPER 50%, 40% , 30%, 25% , 20% L 114 B G

Z LA AR A 2451 R  h Jo B o b ok B 7 31K

RIETE o B 5 45 B9 TR BTG (ICP - MS)E N 2T R

GIHTITIE NG, A R, RO e, etk
P, BB 2 I0 & (1 [ B 43 A5 — 10T AR 9 R

FHICP = MS X+ KB 247 b SR FE oo R I Tl E

FEFEAT KBS IEAL A 3% TC 2 34T 7 i 0 57 S5 T4

RS BHGEIT .

1 UFE5KH

1.1 {¢z8

ICPMS - 2030 % ICP - MS {¥ ( H 7% Shimadzu 2
A ) ;s Milli — Q Advantage A10 AU 217K 2 58 (516 Merck
Millipore 22 H] ) s MARS 6 45 3 fif A (35 [§] CEM 22
H]) s MS105DU Y i+~ KF- (Fii 1 Mettler Toledo 23w , 4%
BTz —),

1.2 X%

#: (Pb) T (As) 4% (Cd) . 7% (Hg) .4 (Cu) . 4>
(Au) B4 (Ge) JHH (In) S0 (B FRUEN £ (E R4 6.4
& B F AR AT s R R 1000 wg / mL)
TR (fo kol , B 25 8 b 22 iR A PR A | 5 8 4K
(FLPH# > 18.2 MQ) ; B (45 F HI - H10) , 58 5
(45 A D1 - D10), % (45 R L1 - L10) , ik (45
FY1-Y10), %80 (450 C1 - C10) , 5 (45 h
HQ1 - HQ10) , FR &1~ (45 M S1 - S10) , %52 (G5 H
K1 - K10) , L # (45} SZ1 - SZ10) , B4~ (4 5 A
T1 - T10), 4% 104k, M 1004tk , W A 24 124 4 1l 37 o8l
YR RE i, 7 A L PG 22100 G 4 A8 3T 2 A AR I
O BETY B AT 250 % H4 R IE A
2 HFEEHR
2.1 IUEEEH
2. 1.1 MR HEER

120 °C, F+if 10 min, fHIE 3 min; 190 °C, FHiE 5 min,
FH I 20 min.,

2.1.2 ICP-MS 4%

SRR 1200 W5 il 2T 8RR
TR 9. 00 L/ min; 4BV : 1. 10 L/ min; 3%
URIE 0. 70 L/ min; 2% :0. 3 v/ s; RAERE ;5. 0 mm;
FALIRIE .5 °C s RAERFIA] : 10 s AW E s AR
B3 U B BAY [A] AL 2 A 2%Ph, PAs, 114G,
202Hg, 63Cuo /ﬂ\: r’—| s 208Pb, ZOZHg [))\ 209Bi ,ﬁg ﬂ‘] Ij;] 1:/% ; 63Cu,
SAs LA 2Ge /E AR 1Cd DL S In /R N AR
2.2 BREHE

FRUEFE I Ol FHBLC) K 25 U Pb, As, Cd, Hg, Cu
b I £ W 45 18 1, FH 10% i R %5 W (7% 200 ng / mL
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Aw) i B R G BR HET W

PR I T < K5 25 B Ge , Bi, In s o I8 R 4% 106
JH 10% G4 BR R (55 200 ng / mL Au) Fi B 0o 1k Bl
1 pg/ mL AV, 1S .

PR BURE R AR 3 3450, 60 “CF
M 2 HE B, 0. 5 g RSB FRAE , R U 9 & 04 T i
FEH INAEAR 8 mL, % 2. 1. V300N (i 8 i AR T 1, v
B 7E H AR (140 ~ 160 °C) FIEERR , Fifs (i §
ROE I mL A4 BB KRR 2 50 mL
FEEI R, N KR A R REROR , B ITF R IRI T4
W K E R B2 IR, &

25 VW AN INRE i, 4 443t 3 YR o) &% v ol
2 I A .

2.3 FiEFERE

L Ja PRI - TR 570 (10% TS FRYA ) 25 FR IR
A8 AR T 2R 24 M PR o 0 U R AR TRV R, 2. 1. 2
TR CPI — MS 45443 i #4653 A1, 1ICP — MS B LA 1,
T B30 B 25 F R R S AN R o 2 5 Ar HE G/ 2) W 3
E YA, LIS FR v B (B Y 10% o PR L3R 1

2R Ok R A SRR (LOD) A £ BR (LOQ)
FE W2, 2000 RYIFRAE W, 4% 2. 1. 230K ICP - MS
FAFUEREI A , DL AR TR A TR B (X, ng / mL) Ry
BEARBR I A (Y, 3 YR -3 (ED) S AL bR i A T2
PEEE 454 o0 3 09 )= 7 R S TRl BOs Fi Was o
$2. 1. 2300 F 1CP — MS £ S b AR e 119k, IS A
VES TR O (B 3 A b v 22 BT 6 B R BE A A LOD), AZS
85 TR T 7 L) 1O A 22 0T X6 g 1 ¥k B 40 L.OQ, LA
BURER 0. 5 g EA SR 50 mLiTHE S5 R 2,

K 2 B« 2. 2 T[] — R B A HE VS WL,
AFEN G TAE H #1322, 1. 2550 F ICP - MS 454k k¢
D E 6 UK, %5 5 BEAILAS 2 PR 28 X RS 2 B 52 1 L 25 51 Ph,
As, Cd, Hg, Cu JC Z M V. {6 /9 RSD 43 5l 1 1. 03%,
0.81%,1.62%,2. 62%,3. 81%(n = 6) , F AL FKE 5 i
R4t

AR R (X S5 T HQ3) il i,
KR, 360y, 4% 2. 2 TR 3 i & R S A T,
2. 1250 F ICP — MS R i FE I 2 o 45 5 Pb, As, Cd,
Hg, Cu JC % Wi W {5 B9 RSD 43 %1 K 2.23%, 2.31%,
2.31%,1.83%, 0.92% (n = 6) , F W J5 ¥ & & ¥
S5 o

IR [ - JBORE i (B8, 45 HQ3) 6 17, 4
A 2. 255 F Pb, As, Cd, Hg, Cu br ME IR IR 4% i, %
2. 230 F Jr i A A A U, % 2. 1. 2 0 R ICP - MS
FAFUEREI E T R S5 R LR 3,
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0 e — JUht Ak oL—=
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D E
L ARRE RS 2. R QBRI 5%
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B1 BRRESEETEREE
1. Signal peak of standard solution 2. Signal peak of blank solution
A.Pb B.As C.Cd D.Hg E.Cu

®1 TEMRKARBRER

Fig.1 ICP - MS spectrograms

Tab.1 Result of the specificity test

2.4 HEmEENE
10 Ff A 25 b1 45 10 b vk, 422 2. 2 101 R J7 ik il £ {1t

v J AR (keps \ e v o N
A e ”;l(&“p; T I ARIA T, F5 2. 1. 2300 F ICP — MS &R UEREDN & , 1155
= BER A SRR AR AT R .
JTCEM SR AR 4,
e e 0 B % j HAE HEP ;EZ% ERBNELR( )
4 10 mH s TEESENES k
As 0.3 0.27 5.10 A TREENEER (me/ ke
Tab.4 Results of the content determination of five harmful
Cd 0.13 0.09 2. 80
elements in ten batches of samples (mg / kg)
Hg 0. 05 0.03 1.73
Cu 0.8  0.56 19.20 I s Gd Cu Hg
_ N = — KK 0.19~1.01  0.080~1.06  0.08~0.23  5.87~3.61 <0.090
R2 ERNREUXREBERENIR. ESRBELER s
Tab.2 Result of linear relation test,LOD and LOQ 7 0.32~0.75  0.240~0.98 0.4 1.93~3.21 <0.030
— - S #3 0.09~0.89  0.060~0.97  0.080~0.15  1.27~4.65 <0.090
B . ) 00 I w111 TzR .
E EREpx: g #E& 0.17~1.02  0.160~1.17  0.029~0.23  2.66~7.52 <0.026
(ng/mL) (ng/mL) (ng/mL)
&4 0.22~0.98  0.310~0.91  0.067~0.17  6.57~8.89  0.032~0.067
Ph Y=16.701 X+31.683 0.9998  0~50 0.20 0.70
£5 0.38~1.33  0.070~0.82  0.076~0.28  4.63~6.59  0.036~0.073
As V=0.3931X+0.875 0.997  0~50 0.20 0.70
. BAE 0.13~117  0.044~0.70 0.051~0.12  3.85~7.71  0.032~0.088
Cd  V=0.3157X+0.0543 0.9998 0~10 0.02 0.06
4 0.23~1.55 0.077~2.13  0.080~0.36  5.93~11.31  0.046~0.082
He V=0.1154X+0.0023 0.999 0~5 0.01 0.03
b 2.21~1.93  0.063~1.18  0.063~0.32  2.61~8.03 <0.046
Cu Y=5.2286X+46 0.9994  0~200 0.50 1.70
- - A= 1.83~3.27  0.078~0.89  0.049~0.33  5.23~9.15  0.027~0.088
F®3 MEEKREER (n=6) — s
o — L BT A
Tab.3 Results of the recovery test (n = 6) 2.5 HmpEETERKERE
PR — = A EL
ik #&AF(nglke) MAF(mg/ke) MEF(mg/ke) FHEKE(%) RSD(%) HIAR 4 B0, BEE SE S S A HOUR & i 3
Ph 0.792 0.50 1.2667 94. 94 2.0 4 Cu> As > Pb > Cd > Hg; %538 L& 4900 A IR
As 0.092 0.10 0.1733 81.30 1.63 = I BRSOk Ca > Pb > As > Cd > Hg,
G 0.082 0.10 0.1703 88.30 132 2020 AF pRCH E 25 M (PO ) ) RILE , B LA S L
DU OSSO0 L ey g e L B S TR
Cu 6.225 10.00 15.606 5 93.81 .12

A Pb<5mg/keg,As <2mg/kg,Cd <1 mg/kg,Cu<
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20 mg / kg, Hg < 0.2 mg/ kg " H | As UK Fr a3k
T ARFF A BRAE K o S 20k SR Foo R & i
K Cu > Pb > As > Cd > Hg, Hi 141t (45} K5)
As AR , ASEHE RN 10% W R A, AT REJE F R 4R fifi
R 2o AR TS M E R B A E TR R

2.6 RS,

2020 4 R E 25 (—3) )X B RS R AT 1l
B EICRMAT T IREME (B S %E ix
G S SR E TR AR bR R & AT
€ R HT B H A 84 16 35 15 20 (THQ) X 10 Fh 245 44
Y Pb, As,Cd, Cu, Hg 5 #1330 R 47 KU PPAR 120
THQ = (EF x Ed x IR x C) /| (WX AT x RfD x 1 000) . 2,
HOEF N RHAERE TAHEY RN RE(E430d) ; Ed
F 2L (3045 ) s IR 25 RF 1 H B A S, #4625 MU
BARHEITE; CHAFY MG &, o K% i
T (mg / kg) 5 WA AR A 5 (60 kg) ;AT R~ F-3
F A KRB 10415 s RID WA FEILR NS | &
(g’ kg) 4558 Ph,As,Cd, Cu, Hg () THQ 4351 9 0. 025,
0.015,0.007,0. 28,0. 005 pg / kgl 12-141

MTHQ < VIF, RS A% . 7% i 21 v 2 FH £ i 5 4
HEW 6 (321500 g / dit5E) , BT 50225 S
HIEEAT N9 ~30 g, EMLMAE HEEA RN 6~ 15 ¢,
VL SR TR 2 HER AR 3~ 10 g, TR
G E HEEATE 10 ~ 15 g, S 2 W E H AR
F4.5~9 g, INAEZGHFLE HEEA R 15~30 g, Bk
I E HEEAE N5~ 10 g fifm RS IT5, B
% AR THQ R /NT 0. 02, 58 TRAA /) THQ )i
/NT0. 01, I B B4 WA THQ 1T 0. 006 7,
K THQ B /NT 0. 006 0, 1] TA KA F T HE AL
B 3 R R .l 265 AT, 10 Ao 25 A As TE R 1K)
THQ H 4 T HAb TR, 10 Fprp 250 h & o0 R 1Y THQ
X4 LR MG E R B A (THQ ) 37T 4 BR E
{8, %W Pb, As, Cd, Cu, Hg 5 Fh A 3 0 & 048 e XU
BIAR

RS 10TPHMSTHEEFITER THQ
Tab.5 THQ of five harmful elements in ten herbal drugs

¥ 2 44 Ph As cd Cu Hg THQ
#%3%  0.0021 0.0037 0.0017 0.0007 0.0010 0.0092
%% 0.0016 0.0035 0.0004 0.0010 0.0003 0.0068
#3  0.0009 0.0017 0.0006 0.0004 0.0005 0.004 1
i & 0.0007 0.0014 0.0006 0.0005 0.0001 0.0033
229 0.0007 0.0011 0.0004 0.0006 0.0002 0.0030
#2% 0.0009 0.0010 0.0007 0.0004 0.0003 0.0033
BARA= 0.0012 0.0013 0.0005 0.0007 0.0005 0.0042
A 0.0010 0.0023 0.0008 0.0006 0.0003 0.0050
L 0.0041 0.0042 0.0024 0.0015 0.0005 0.0127
M= 0.0009 0.0010 0.0008 0.0006 0.0003 0.0036
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3.1 WRIERE
TRV 22X RF T 2 A I RS

WHRITCER AT TE— R B LT PR EEARRLN 15 - 191 ICP - MS

0 7 T Y BT PR R R SRR, T A B B

MR 25 4 28Ph, As, 114Cd , 22Hg, SCu, #E N FRIFI =

JoT e 5 FRF DU O 2R T A B0OAH G Y 0, 3k R 208ph

F122Hg DL 2Bi /£ INAR, Ca Fll As DL 2Ge E R INFR,

MG DA SIn VR A , I R4S 4 B R e Al AL

IE XS RRM TR AT RSO .

3.2 HgidlZX R HIE R

Hig ELA I i 0 W2 B, 7 A D0 ok 75 v oy W A

b R SO L e A e RN T - 18 Au 7E Hg TR

A — R EE BRIP4 R 5%, W R IH BR He 9112 5%

N, ORI R A BB MR B A 200 ng / mL

3.3 EMAESEHEE

S GERRE b T A 7 CUn Tk TR A R T A 55

AR LY, 00 T i 10 Vs A R A, AT KR 4 o 3 ik 1)

WEG I OT R & AL, [RIB RT 3 £ 22 R Ok

VBV T M AR 120 °C, FHIE 10 min, 1H I 3 min;

190 °C, FFE 5 min, fEE 20 min,

3.4 FHiEFEM

ARMIFFE BT T B T A A A B DA s

“+KE257 As, Hg, Cu,Pb, Cd 5P E L E S

ICP — MS¥&, LATHQ #E4T T WU VA, 5 SR+ R 257

H1 Pb,As,Cd,Cu, Hg 5F FICH IrEca 2 WK

5% 3k
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