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ABSTRACT: Objective To determine the residual amount of heavy metals and harmful elements in Codonopsis
pilosula, and conduct pollution assessment. Methods Microwave digestion combined with inductively coupled
plasma mass spectrometry (ICP-MS) was used for the content determination of Pb, Cd, Hg, As, Cu, Zn and Cr. The
single factor index and Nemerow exponent method were used to evaluate the pollution level. Results The linear
relationships of 7 kinds of heavy metals and harmful elements in Codonopsis pilosula were good (r>0.9991). The
recoveries were 83.2%-108.8%, and the relative standard deviations (RSD) were 2.2%-4.9%. Refer to the WM/T
2—2004 Green industry standard for the import and export of medicinal plants and preparations and other relevant
limits standards, Cr, Zn, and Cd were the main pollutants in Codonopsis pilosula. The average single item pollution

index of 7 kinds of heavy metals and harmful elements was Cr>Zn>Cd>Hg>Cu>As>Pb, and the average Nemero
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comprehensive pollution grade was heavy pollution. Conclusion This method is rapid, accurate, sensitive and

reproducible, and can be used for the determination of heavy metals and harmful elements in Codonopsis pilosula.

The pollution of Cr, Zn and Cd in Codonopsis pilosula is more serious. This experiment can provide data support for

the establishment of limit standard of heavy metals and harmful elements in Codonopsis pilosula.

KEY WORDS: Codonopsis pilosula; heavy metals and harmful elements; inductively coupled plasma mass

spectrometry; single factor index method; Nemero exponent method
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ICAP-Q U Hi JSHE A 45 2 A B i A (FE Bk Gt /R B
H 4 F]); Multiwave PRO - TR 1 AN (B8 HR 2 A5 A
F]); QUINTIX224-1CN #5432 —HF K- (B 158 L H)
/A w]); SCI 20 D Y8 & /K A (7 DG Bk /K 4k B2 1 );
DHJ-9245A BT HA6 (B —THALAR A H).

Pb, Cd. Hg. As. Cu, Cr, Zn, In, Ge. Bi, Au %
HOTEAMER (1 mg/mL, EEA GLE K EFMES B
MR, fHRR(PRGRal, 1R 258 Ak 24l B H)

WHFERIEA M TR RS, 45N
YP1~YP19, HA&AE B 4350 10 1] [H A1 52 /e 25k A PR 2
H] 200602, RS ZHAMRAF 200701, K [F A
F 2 A RTTAT 2 7 200601, Hfr FuH FKid dp 2 7=l A
FRZF] G02200106, FEBRARW 245)Mb A FR 2 F] 200101,

DEARIS 25\ A BR 2 5 200501, F P TT S1 250 A BRAS
200201, E KT 20 A BRAE 200101, EERE O, &
PEREFE 25 A FRA R 191101, DU 1| [ 5 i 24 b A7 BR 2>
H) 200602, = KT L 250 B A BR 2 F] 2010001, 1
JIFARP R B BRTAEA TR 190601 #5225k
AR H 200801, V)i =23 25l A R F 190401,

PR RE 25 L AT BR 2 W 200801, B PIALT MV BHE A
FRAR . EERADIRW B AR AR . T HE T
U A R | 190801, X1 8 POTT T M 4 25 A 56
JT 5K A% Rl 32 4T = 24 U 28 5 4 5% 2 [Codonopsis pilosula
(Franch.) Nannf. ]8T, #8015 YET4H5, 60 °CHET,
RSO, £ .

1.2 XWFFE

121 BEH

IIF 1550 W, BPIHLE-1775 V, BEREZE 345 40 r/min,
BHSARBURE 14 L/min, LSRR R 1.07 mL/min,
FAEREE 5 mm, HEECRFEEL 3 IR, BRIERAER . #Eik
SOMETA | A HAVEER  PGe KR, R In N
bR, K. BERA 2YBi MR,

122 AR H %

WA BRI EARER RS R, HE a2 THERE
TRRE, BOHIALLATR 7 BlAR RN G TR RS RS
HEVAWL: Pb. Cd. As. Cr: 1.0, 5.0, 10.0. 20.0. 40.0 ng/mL;
Cu. Zn: 10.0, 100.0, 200.0. 400.0. 500.0 ng/mL; Hg: 0.2
0.5, 1.0, 1.5, 2.0 ng/mL,

123 AARERA S &

BRI Ge. In. Bi FpifER KA 25 pL T°[A]— 50 mL
B, FKMBREZE, #5, B,

1.2.4 XS 05 &

RIS ZY 0.5 g, FEEFRE, BRI MREN,
JNREER 5 mL, FR5), B, B THE AL AR, TR
BIFWZE 1 WS E, AR EE 60 °CLUT, H
W RERE, BOA, B 50 mL 2 BERAE T, H
DROKVEBIERRE 3 WK, TR G I ARRE T, KA
JEHE R 1.0 mg/L AT WM 0.2 mL, Sk ZE 2,
PR, BPAR. BRANIN4 Hoc AR e Ak, F IRk A
A2 A
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Table 1 Digestion procedure of microwave

B[] /min RS R EE/°C
1~15 T Ei~120
15~20 TR g 120
20~27 T e 120~150
27~34 TR PR d 150
34~41 L e 150~190
41~56 L PR d 190
56~90 sl 190~% ik

2 FER5HH

2.1 FEFEER
2,11 ARfeh . AR A

TRUTH £ - TR B P T T TR 28 U, A R (3
U E V3948 R PAAR AR (Y), VR B AR AR (X, ng/mL),
bRk, 53] 7 FoCERL R, MRS
7 0.9991~1.0000, 75 BUZS FUATRIELLERE 11 1K, DL 3 1%
P o O 2 T T 7 1 A0 G 38k AR S A B - ] — 52
6 Ur, FRELZY 0.3 g, AN AFRHERRHGE B, 0 ks
a7 FOCE SR, AR E I EDCR, 7 R 4w Y ik
RILFEN 83.2%~108.8%, X AR ifE {2 (relative standard
deviation, RSD)YEH N 2.2%~4.9%, %87 VLM RLIT-.
MR KT BR AU R IR S5 WL EE 2.

FT2 THITERLMXR. RNPRFNFRE Y ZE

Table 2 Linear relationships, detection limits and sample recoveries of 7 kinds of elements

PIVE 3 EVEY:¥ LR MEYE I/ (ng/mL) HHZE R HL(r) B /(ng/mL) P R/ % RSD/%
Pb Y=72452.7X+49967.8 1.0~40.0 0.9997 0.012 90.2 2.9
cd Y=5345.3X+38.4 1.0~40.0 1.0000 0.006 89.6 2.8
As Y=1312.2X+233.4 1.0~40.0 1.0000 0.009 83.2 3.5
Cr Y=12295.4X+7342.4 1.0~40.0 0.9999 0.006 86.3 3.1
Hg Y=1636.4X+46.5 0.2~2.0 0.9991 0.003 108.8 4.9
Cu Y=10849.3X+4264.6 10.0~500.0 0.9996 0.036 95.9 2.3
Zn Y=2108.6X+38376.1 10.0~500.0 1.0000 0.018 942 22

212 HEBEESEAH

B 10.0 ng/mL Pb, Cd. As. Cr, 1.0 ng/mL Hg,
200 ng/mL Cu. Zn IRA PR RGELME 6 K, Pb, Cd.
As. Cr. Hg. Cu. Zn ¥WEMEMER RSD 43718 1.4%.
1.9%. 1.5%. 1.8%. 2.7%. 1.1%. 1.0%, &L ERs®
RAf . WFE—5 S5, WERI6 Uy, 1.2 Jrikl &4t
AW, A sE, 15 Pb, Cd, As. Cr, Hg. Cu. Zn7
R ICE S H0 RSD KK 2.5%.2.7% . 2.6% . 2.9% . 3.9%.
1.8%. 2.0%, Uil ELE M RIf.
2.2 LFRHEESNE

Iy BIFRE 1930 BAE A2 0.5 g, SR E IRy Bk H
7 MESERAEELESE, P17 3 K, FLRERFENE 3
Fiik. 3 Al ZH Pb &1l 0.045~1.763 mg/kg.
Cd &% 45 0.018~0.916 mgkg . As & i~ 0.062~
1.123 mg/kg. Hg &K 0.012~0.626 mg/kg. Cu & H
4.326~9.117 mg/kg. Zn T5& K 14.216~77.451 mg/kg. Cr
BN 1.145~7.282 mg/kg, IFR[E WM/T 2—2004 (25

A Bl 0k AR AT AR TE ) (Pb<5 mg/kg. Cd<
0.3 mg/kg. As<2 mg/kg. Hg=<0.2 mg/kg. Cu<20 mg/kg).
GB 14963—2011{ & b &4 EFE bRl ¥ % (Zn<25 mg/kg)
F12€[E (NSF international Draft Stantard (Draft Stantard
NSF 173—2001) ) (Cr<0.2 mg/kg)Z5hrifEx} 7 i 4:)s &
AEILRMERKREMENSHER, Cr, Zn, Cd, Hg &&=
A BRAE A HER 4331 19,95 14k, HEARERSFH10 100%
47.4%. 263%. 5.3%, FifArEEA Pb. As. Cu SHEIA
AR, Cr & it = 142 YP10, Jy 7.282 mg/kg, 2 FREHE K
36 fio
23 ISHREM

SR FH BRLITLYS YA B0 S NG B L5 AT G AR B0, oy
Mot S B 4R KA FEOCR TG YeAi ol BAS e
DR R —TE R VG Y . P = C/S, P A —Jn KI5
R, CONIE—JERAIE SR, S M — e R A KR
PR, BL P ER/INESDR, P<0.7 KIIRISY, 0.7 <P
<1 FBWMERGY, P> 1 EWZRGY, —BokE, B4
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J& KA FICER R — G YN BRI R G, BRI
15 P A BT AP 58 S 5 G B . IAMER 25 AT
FEECAT R PEAS 7 FPOT ST S LA, AR P se
= |P?max+ P?ave s P on NEEETEYAREL, Poay NS BALIT5 YL
2

TR 0 B KAE, Pave N TA SIS Yo 48 B0 - 39MH . AR
P uofBXIHL 5 D, B P 52<0.7 NEE2Z. 0.7<
Pun<l WERR ., 1<P ua<2 WEEGY, 2<P 4s<3
HPEETG Y P e >3 NERETGYL BTG YR EOL KN
M2 25 55 YR B M A BT B SR L 3% 4.

2 4 WA, FERSHMSP Pb, Cd. As. Hg. Cu,
Zn. Cr I BI55 e BOCAME 43 54 0.118.0.679. 0.157 .
0.459, 0.294. 1.160. 19.120, FHJ Pb. Cd. As. Hg.

Cu 5§ 5 PoCRMIG PRI NAETS YL, 1 Zn 1 Cr
M Z R0 gRais 88y 4.112~26.039, ¥R T
3, Y ERIHEE G, BNRE, w54 EHY
REETGY; S 7 M E SR A E TR MO
V5 YR BUMF Jy Cr>Zn> Cd> Hg > Cu> As > Pb; Hr,
Cr REEMIGYY), W Cr E—FEERANELE,
2 A RGN, X AT B AR I IERS B R DNA 18 4
15, 78 AR E B A BUE M T BB & 3 N 5 AR 12O,
HWE Zn, B Zn BARLTFHMETCRZ—, B8
B Zn A 35 FRMWIE & IRe &4, (HURE AL Zn,
o il zn spagE, SolREER M, ST, A
I35 R 7 1 R U Ao Tl 1 8 S AN [ BN o BRI b, N o ke
Cr. Zn mRBFEH

#=3 THREREENELER(N=3, mg/kg)
Table 3 Content determination results of 7 kinds of elements (n=3, mg/kg)

i Pb cd As Hg Cu Zn Cr

YPI 0.391 0.032 0.322 0.032 5.732 36.824 5.232
YP2 0.111 0.021 0.122 0.012 6.644 18.929 1.328
YP3 0.242 0.033 0.231 0.018 6.612 21.927 1.355
YP4 0.593 0.045 0.092 0.626 5.417 17.108 5.362
YP5 0.371 0.018 0.326 0.155 5.216 28.442 5.533
YP6 0.318 0.019 0.277 0.053 5.946 44.661 3.360
YP7 0.072 0.019 0.108 0.014 5.082 24.474 1.145
YPS 0.045 0.662 0.182 0.042 4.692 18.563 1.367
YP9 0.827 0.221 0.409 0.028 4.351 14.216 6.869
YP10 0.658 0.023 0.345 0.021 6.514 33.447 7.282
YP11 0.378 0.027 0.293 0.019 6.273 19.042 3.343
YP12 0.731 0.426 0216 0.033 4326 20.838 2.026
YP13 0.662 0.044 0.547 0.026 9.117 77.451 5.593
YP14 0.192 0.025 0.191 0.041 6.988 32.382 2.507
YP15 0.419 0.046 0.352 0.045 5.779 52.038 3.851
YP16 1.155 0.182 1.123 0.081 6.742 19.215 6.455
YP17 1.172 0.588 0.515 0.046 5.883 21.116 4.859
YP18 1.763 0.916 0.062 0.182 5.134 25.221 2.632
YP19 1.108 0.523 0.065 0.180 5.114 25.192 2.563
K3y 0.590 0.204 0.304 0.087 5.872 29.005 3.824
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Table 4 Risk assessment results of 7 kinds of elements
i Pry Pca Pas Pug Peu Pz Per P e T5 Y55
YPI 0.078 0.107 0.161 0.160 0.287 1.473 26.160 18.719 GRS
YP2 0.022 0.070 0.061 0.060 0.332 0.757 6.640 4.763 TG
YP3 0.048 0.110 0.116 0.090 0.331 0.877 6.775 4.864 TG
YP4 0.119 0.150 0.046 3.130 0.271 0.684 26.810 19.218 G R
YP5 0.074 0.060 0.163 0.775 0.261 1.138 27.665 19.798 TG
YP6 0.064 0.063 0.139 0.265 0.297 1.786 16.800 12.040 TG
YP7 0.014 0.063 0.054 0.070 0.254 0.978 5.725 4.112 GRS
YPS 0.009 2.207 0.091 0.210 0.235 0.743 6.835 4.945 TG
YP9 0.165 0.737 0.204 0.140 0.218 0.569 34.345 24.562 TG
YP10 0.132 0.077 0.172 0.105 0.326 1.339 36.410 26.039 WY
YPI11 0.076 0.090 0.146 0.095 0314 0.762 16.715 11.961 WG
YP12 0.146 1.420 0.208 0.165 0.216 0.834 10.130 7.285 TG
YP13 0.132 0.147 0.274 0.130 0.456 3.098 27.965 20.040 WG
YP14 0.038 0.083 0.096 0.201 0.349 1.295 12.535 8.985 TG
YP15 0.084 0.153 0.176 0.225 0.289 2.082 19.255 13.800 WG
YP16 0.231 0.607 0.562 0.405 0.337 0.769 32.275 23.097 WG
YP17 0.234 1.960 0.258 0.230 0.294 0.845 24.295 17.412 WG
YP18 0.353 3.053 0.031 0.910 0.257 1.009 13.160 9.497 AT
YP19 0.222 1.743 0.032 0.900 0.256 1.008 12.815 9.222 Gl
Ty 0.118 0.679 0.157 0.459 0.294 1.160 19.120 13.701 TG
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