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BE:BH Z5iNZERATSHELERAEALLLTOLABESTE FARAEICP - MS) &, 4 F i s M AE R K&,
Tk RGOS R A AE S IR R A 1550 W, B T A AREA 15.5 L/ min, 3B A IAREA 1.0 L/ min, FAARLEA
1.0 L/ min, RAFEHE 8.0 mm, i 4 X £ A (He) BEX,, #dn ob SR E] 4 30 s, 5530 R A5k 0. 10 v/ s, 5 2020 S5 (P B 253
(W38))9302 P 254 FR G W IR B H E 85 RM, A5 A ELEEA EALNEZTEES 8 A TEANZ(EDD) Jeit & F B4 (THQ)
B 5 I R AL (CR)IFAE M S RIS R 4R(Cu) AP (As) 48(Cd) R (Hg) 45 (Ph) R Z R B #14£ 0~50 ng/ mL.0~ 10 ng/ mL.
0~10ng/ mL.0~5ng/mlL.0~ 10 ng/ mL 568 A 5L Evé HAELLK X & BIF(r=0.999 9), ] FE4 5] 4 0. 016 3,0. 005 2,0. 002 5,
0.007 9,0.013 3 ng/ mL; #% % & A & & M X I 25 R 49 RSD 3 /1 F 5. 0%, F 3 he @I % 5 5 A 102. 24%), 103. 14%, 100. 61%,
104. 60%, 105. 00% , RSD 2% % 1.25%, 1. 26%, 1. 03%,0. 55%, 1. 05%(n = 6) , 10 #t 25 A4 & F  Cu As . Cd Hg . Pb % 51 Js F 20,2,
1,0.2,5 mg/ kg; EDI 3%/ T4 8 % & Tt %% ;THQ 34T 1,As.Cd 9 CR A 1 X 107°~1x 107", Pb ¢ CR T I x 10" &5t #&
Wk B LS ERRRT AR TRESH S ERA TERA T ELBAA ELL AN BRI F4E,10 MR AT REA
R RO R F AT L0 BRI
KEWR:F05 T2 A EAL; LAARSF B TRk i R e
Content Determination of Heavy Metal and Hazardous Element and Preliminary Risk Assessment in Honey - Processed Codonapsis pilosula

HUANG Xiaotao ,HUANG Zhenggui ,LIANG Min,CHEN Rimeng

(Zhanjiang Institute for Food and Drug Control,Zhanjiang , Guangdong ,China  524000)

Abstract: Objective To establish an inductively coupled plasma mass spectrometry (ICP — MS) method for the determination of
five heavy metals and hazardous elements contents in honey — processed Codonopsis pilosula, and to conduct a preliminary risk
assessment of the herbal samples. Methods  Herbal samples were pretreated by microwave digestion. The radio frequency power
was set at 1 550 W,the plasma gas flow rate was 15.5 L / min,the auxiliary gas flow rate was 1.0 L / min,the nebulizer gas
flow rate was 1.0 L / min,and the sampling depth was 8.0 mm. The detection mode was helium (He) mode, the sample rinse
time was 30 s, and the peristaltic pump speed was 0.10 r / s. Following the guidance principles for the limits of hazardous
residues in traditional Chinese medicines from the Chinese Pharmacopoeia (2020 Edition, Volume IV ) (9302),the risk of herbal
samples was assessed by combining the contents of five heavy metals and hazardous elements with estimated daily intake (EDI),
target hazard quotient (THQ) , and carcinogenic risk (CR) values. Results The linear ranges of copper (Cu) , arsenic (As),
cadmium (Cd),mercury (Hg),and lead (Pb) were 0-50 ng / mL,0-10 ng / mL,0- 10 ng / mL,0-5 ng / mL,and 0~ 10 ng / mL,
respectively (r = 0.999 9). The limits of detection were 0.016 3,0.005 2,0.002 5,0.007 9,and 0.013 3 ng / mL,respectively.
The RSDs of precision and repeatability test results were all lower than 5.0%. The average recoveries of Cu, As,Cd,Hg and Pb
were 102.24%, 103. 14%, 100. 61%, 104. 60%, and 105. 00%, with RSDs of 1.25%, 1.26%, 1.03%,0.55%,and 1.05% (n = 6),
respectively. In the 10 batches of herbal samples,the concentrations of Cu,As,Cd,Hg,and Pb were all lower than 20,2,1,0.2,and
5 mg / kg, respectively. The EDI values were all lower than the provisional tolerable daily intake limits. The THQ values were all
less than 1.The CR values for As and Cd ranged from 1 X 10 to 1 x 107*,while the CR value for Pb was lower than 1 X 107
Conclusion The method established in this study has the advantages of high sensitivity, good accuracy,and ease of operation, and
is suitable for the detection and risk assessment of heavy metals and harmful elements in honey — processed Codonopsis pilosula.
The 10 batches of herbal samples do not pose significant health hazards to the exposed population and present an acceptable
carcinogenic risk.
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var. modesta (Nannf. ) L. T. Shen ¥ JI| 3& 2 Codonopsis
tangshen Oliv. T HRAR WL T 05, HA b 25 0 A
AT T 3 S A T BRI IRAL 7 B ) RAEAR H 8 55
AR R IZ 2 B A S (B A ) TR R AN P 5K
AR, M SR T Tk, W PR H R T L AR L
6B VE R s M AS 2 T B 2R B DR
Fi8 NI Z UERRYT AN S5 2 W] Y 1984 4F
RR KT AR 48 v 24 40 RS ) T 28 % 5 S 00 ) T 2 B
BAL RN S T R R T — AR, o R
W5, SR 0D 2 4 B, ARG T IRE B0 i
B Bl A E PR 2 v R 4w A 2 R B M ih
REAEY N H &30, th 2y b L b E AR
KA TUER W RLI K R © R 24 i 2 e b S I
B — R 20 TR b 2 1) [ PR
PRI 2R 14 AE 0 R AR R L BBOK 43 3 37 S A A I 1) 32
BB, R XS B 4 A E TR M E R T
5 T AR S A S AR AR ZE 2R I o o,
oA R85 8 o 2 0T 8 5 B0 4 08 [ W4 (Cu) Jif
(As) 7 (Cd)5E Ji5 Yy, i A 24 5% BA ml i A 4 7R ] g
FIAHADA F W T, 34 00 e 35 e o) PRt , A6 0 o 4 )
KA TIOR8 AVPAL e 4 e B AW 5T
R H B G 55 2 AR B3 (ICP — MS) YA 10 4it
FiShEREBEANAF LR &IPSR TR
IRV DA, A 88 5 2 245 b A )t o o V-0 DI DR FH 24
AR IR IR
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1.1 {s8

Agilent 7800 7Y B4R & 55 B8 1A T 35X (36 [H
Agilent 23 F] ) s MARS HY f0% I fifA ( & 1B CEM A H) ) 5
ULPHW — IV 5458 4l 7K HL (PO 1] AR 35 4 2B 5 A BR 2
] ) ; CPA324S Y HL 3 #7 KF- (£ [ Sartorius 23 7l , A
R0 1 mg)o
1.2 X%

AR (A, TR B SRR RN E, 4R
99.999%) ; Ge .In . Bi WHRIE & JTC R ARER W CLFERFL
BA R AL S 453 - 104CRY2, & 49100 pg/ mL) ;
Cu.As.Cd 7R (Hg) 85 (Pb) FAIC E PR ER I (S 23R
1 000 pg/ mL, it = 43 %l i 23062035, 22100935,
23050835.22090735.23021535) ; 4 (Au) BAIC EFp iR
T (54 20072398, 75 1704 100 g / mL) , ¥ [ A
0 i Ao U A AR A BRA 71 565% B A A4t , K Fikd
a7k (FERH2 M 18. 2 MQ-em) o

10 L #3562 53 F ) AR RS 25 TR R A7 R )
(#5723 %) 4 23090101, 23090102, 23090103, 4i 5 1 -
3) ARIH T GERE 254K 7 A PR =) (it -5 2 2303035, Fii
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54), EZGEE S T (L) 251K 7 A BRA J (k5
J €22301077 .8230927 .5230928, 45 5 - 7) , Ak i #E
WP 25 R A B B (5 231001,231002.,231003, i
58— 10), B4 1984 AR A8 h 2 Mu i R M il

2 HFEEH%R

2.1 RKEEH

AER AR 10 min, IR ST 1 550 W 36 B8 7
AP 15,5 L/ ming H B H : 1. 0 L/ min; 55 6<
WL 1.0 L/ min; RAEIRE ;8. 0 mm; /& MR = . 207K,
(He )2 R et 18] : 30 s MEBh 2R 4563 .0. 10 v/ s,
2.2 REHE

23 5K % W B Cu \ As . Cd . Hg . Pb BT 2K iy 1 ¥
WeE e, 1 5% 8 R v W 43 A B &% Cu 0,5, 10,20,
50 ng/ mL,Pb.As . Cd¥J°40,1,2,4,10 ng/ mL,Hg /0,
0.5,1,2,5 ng/ mL i RFNTER A XT IR o WL Ge
In  Bi b 1 TR 5 VA I o, 1 5% il T2 o B o 2 V4 38 A
100 ng / mL B9 AR W, H i [R5 28 ©Cu PAs L 2Ge
ﬂ‘j Ijq *{l“ , 114cd l/‘/{ llSIn ﬂi’ Ij;] *Zl‘i s 202Hg\208Pb u 209Bi ﬂ‘:’ Ij;]
b o B Au HLIC R AR MR TRGE 1, LA 5% fHR IS A FE 2
1 pg/ mL, 153 At 85  HURE S 2R 38 i, KA, B 0. 5 g,
FERPRE , BT AR N 5% TSR S mL, B8)7
TR (10 min N2 120 °C . 4E4F 3 min, 5 min N T+ &
150 °C 45 5 min, 5 min N FF % 180 °C 25 20 min) ,
T I A, V) 2 5 IR IH AR A 100 mL )i, 7K
Ve, BTV E R A Aul A (1 g/ mL)
200 pL, FZKE 2, $25) , BIASAE i i i Vo AN i 24 44 B
i S Au A8 W, FE A A T T TR A S TR
2.3 FEEER

MR RFEE IR % I 2. 2300 N R YRS X
SRRV VR, 45 2. 1 30T a0 A% AR R A I 5, 10 SR AR T
N o AN G 2R BV B (X, ng / mL) R A A XA
Wi 7 (B (V) AR bR A T [l 25 R L3k 1.

R PR % 2% 2. 2 00T 25 VIS B, 4% 2. 130
TR ST VAT AE 11 UK, 30 S A o 1 {8 3
SR AR I 22, DA 3 A8 1 O 2 X8 o7 1) 45 o U T 28 o 1
W BE AR R INBR o 25 R L3 1.

8 B« B 2. 2 300 Hp ] — 2 R 40 % B VA TR

1 ZUXRERNRERLER(n=5)

Tab. 1 Results of the linear relation test and detection limit test (z = 5)

KNrk B34 % HMEH (ng/mL) r B R(ng/mL)
Cu Y,=0.1162X,+0.0250 0~350 0.9999 0.0163
As ¥,=0.0315.X,+0.0002 0~10 1.0000 0.0052
Cd ¥;=0.0099.X, +0.0000 0~10 0.9999 0.0025
Hg ¥,=0.0048 X, +0.0001 0~5 0.9999 0.0079
Ph Y;=0.0285X,+0.003 8 0~10 1.0000 0.0133
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LA 20 LI IR A SRR E 6 UK, i Y
A W AE o 455 Cu As . Cd \Hg . Ph {500 N B 1) RSD 43
WK 2.95%,2.33%,2.91%,3.20%, 3. 00%(n = 6) , 3
WA 2% B R4

2 P G ML (G5 2)0. 5 g, %5 6 0 K
TPRAE % 2. 230 B 7 il A R, A 2. 13RI
PSRRI E i SRAN AR A T TR B i 25 2, Cu
As.Cd .Pb & 8 FIE S 314 6. 63 mg / kg, 0. 11 mg / kg,
0. 03 mg/kg,0. 12 mg/ke(Hg KK ,RSD /354 3. 47%,
4.68%,3.86%,3.93%(n=6), T kEE MR,

TR EISOASS: B A 2 (G5 2)id i,
O, S — 2 Jo e R PR A5 %o R, e 2. 2 30
N5 A VA, P 2. 1 I R A A AR
SE T SRASER M W AE TSR DR 25 R W2k 2,

2 MEEEURIEER (n =6)

Tab.2 Results of the recovery test (n = 6)

rE RHE() HEAE( BAE(ny) WEE(n) WREG) X(%) RSD(%)

Cu 0.5011 3.29 12.50 16.12 102. 64
0.5023 313 12.50 16. 16 104. 24
0.5026 3.45 12.50 16.16 101. 68

102.24 1.25
0.4951 3.39 12.50 15.92 100. 24
0.5010 3.33 12.50 16.11 102. 24
0.5008 3.31 12.50 16.11 102.40
As  0.5011 0.05 0.50 0.57 104.00
0.5023 0.06 0.50 0.57 102.00
0.5026 0.06 0.50 0.57 102. 00

103.14  1.26
0.491 0.05 0.50 0.56 102.00
0.5010 0.05 0.50 0.57 104.00
0.5008 0.05 0.50 0.57 104.00
Cd 0.5011 0.0100 0.25 0.2660  102.40
0.5023 0.0151 0.25 0.2667  100. 64
0.5026 0.0151 0.25 0.2668  100.70

100.61  1.03
0.4951 0.0149 0.25 0.2628 99.20
0.5010 0.0150 0.25 0.2660  100.38
0.5008 0.0150 0.25 0.2659  100.34
Hg  0.5011 0.0000 0.05 0.0524 10473
0.5023 0.0000 0.05 0.0525  104.98
0.5026 0.0000 0.05 0.0525  105.04

104.60 0.5
0.4951 0.0000 0.05 0.0517  103.48
0.5010 0.0000 0.05 0.0524 10471
0.5008 0.0000 0.05 0.0523  104.67
Ph - 0.5011 0.07 0.50 0.59 104.00
0.5023 0.07 0.50 0.59 104.00
0.5026 0.06 0.50 0.59 106.00

105.00 105
0.4951 0.06 0.50 0.58 104.00
0.5010 0.06 0.50 0.59 106. 00
0.5008 0.06 0.50 0.59 106. 00

2.4 ERSECREERNKITMY

24 RE TP R IO AR O A,
B, 5 2. 2 3001 7 A o B il 9, 4% 2. 1 30 R ik
SRAFHERENE , i A AR BE 3 SR R 3,
218 2020 4F i [ 25 4L (DU )9302 rh 254 E 5k B W)
PR ) 8 S U A PR B (Cu < 20 mg / kg, As <
2mg/kg,Cd<1mg/keg,Hg<0.2mg/kg,Pb<5mg/kg),
A UL 1OHEAE AT B 5 FPOT R & R AN I R

R3 BMERPSHTREENELR (mg/kg,n=2)
Tab.3 Results of content determination of five elements in the

herbal samples (mg / kg,n = 2)

%5 Cu As cd Hg Pb
1 4.1264 0.0974 0.0281 N/A  0.1223
2 6.5987 0.1026 0.0255 N/A  0.1285
3 46788 0.1049 0.0271 N/A  0.1421
4 56397 0.1691 0.0256 N/A  0.1672
5 81957 0.1218 0.0303 N/A  0.1153
6 4.6805 0.0851 0.0319 N/A  0.0732
7 5.8707 0.0972 0.4808 N/A  0.3194
8 4.4957 0.1061 0.0373 0.0070 0.0983
9 4.5897 0.1016 0.0370 0.0040 0.0995
10 4.3540 0.1058 0.0304 0.0046 0.0992

N/ AARE R A4 ES5R.

Note:N / A indicates not detected(for Tab.3 - 5).

HE 538 A & (EDID) : A3 EDI = C x IRD / BW,
Horp Co 2 b i 4 )@ 5 & (mg / kg) s IRD % H IR A
i, R A T 25 AR R MRS (2021 4F R ) FLE B
WS N9 ~30 g, WAL 30 g; BW AR, 2 1E
P 30 FH bR v N R 55. 9 kgl 7)o %} e EDLANE & & H Al
i 52 £ A it (PTDL) , PEAL % 56 2 v 8 4 Ja 19 fi R JRUISS:
JKF- o 4 EDI < PTDI, A R 8 4@ Mo A7 3 Ju 3 AR X A MK
ft B 8 i BH S 2 ) o bl 2% 4 0T DL, 10 #2564 R 5 b EDI
¥I/NF PTDI,

AR S F B (THQ) A &0 KU {E (CR) R H
PR3 %9 THQ 1 CR WAl AR o8 £ ) 48 WU 43 J& B
SRR 8 A 31 THQ = C X IRD x EF X ED /
(BW X AT X RfD);CR = C x IRD X EF X ED x CSF / (AT X
BW).xH1,C.IRD .BW [A]A 3 EDI; EF i R4 258 T8
& B B A FICER W IREL, BE N 30 d; ED by R R 1Y AR
B, W0 304 5 AT R PRl i (], 358 -39 N34 %
70 %, B4R 365 d B RID A EH &R NS %5 5, 92 [H
[ R 5 (USEPA) #2445/ Cu  As .Cd . Hg .Pb
4@ H 227550 4 0. 04, 0. 0003, 0. 001,0. 000 4,
0.001 5 mg / kg; CSF A BURE R K 7, IUPAC S AH 4
LU As Cd.Pb 55 4 J8 LB H — & W BUS B,
As.Cd .PbHJCSF 314 1.5,6.1,0.008 5 mg/ (kg-d) .
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x4 HHERDSTHITEMNEDIEL x 10 mg/ (kg-d) ]

Tab.4 EDI values of five elements in the herbal samples
[ x 10-° mg / (kg-d)]

Y5 Cu As Cd Hg Pb
1 2.215 0.052 0.015 N/A 0. 066
2 3.541 0. 055 0.014 N/A 0. 069
3 2.511 0. 056 0.015 N/A 0.076
4 3.027 0.091 0.014 N/A 0. 090
5 4.398 0. 065 0.016 N/A 0. 062
6 2.512 0. 046 0.017 N/A 0. 039
7 3. 151 0. 052 0.258 N/A 0.171
8 2.413 0. 057 0. 020 0. 004 0.053
9 2.463 0. 055 0. 020 0. 002 0. 053
10 2.337 0. 057 0.016 0. 002 0. 053
X 2. 857 0. 059 0. 040 0. 003 0.073

MTHQ < 1HF, A K 8 4 & & % A At 32 6 W 8 1) 52
M5 4 THQ > 1B, XUBS W 51 G 1 o AR % USEPA (145
T, M CR < 1 x 107 B, %80 WS 1] 20 ATt 2 CR
HFE1 X 1070~ 1 x 104 Z [A] , DA A S0 RS 76 n] 3532
FYFE TN 5 25 CR > 1 x 10~ 8, H XU 78 K Z 4R 52 h
Anl Pl R LRSS MR E S BT E W
THQ ¥1/NTF 1, F B 25 B4R i 1) 51 42 I8 5 AR X A ARk
SR i ok B 5 e o 24 B RE TR As AT CA B CR A T
1070~ 1 x 104, & W H B8 KU 76 7T 8252 19 ya FEl
1M Pb Y CR < 1 x 10~ ¢, & W] 30 XU AT 28 A1
3 itig

5 K R EE S A s T 2 T T
I R YA YT B 5 A P, 32 2 0% 1 i o0 B 46 1 25 L
e WD FERNAE B R A 1 Bk A I
WO GG PR SR T 1 D R SR AR RO -1 g 2 KO
il AR RS g bt o ok IR A M
o TS SR K G PRI T2 02 G Aok, 2 7= A

*5 MRS SHIITENTHQ CR

Tab.5 THQ and CR values of five elements in the herbal samples

. THQ(x 107°) CR(x10°%)
BE
Cu As Cd Hg Ph As Cd Ph
I 1950  6.140 0.531 N/A 1.541 2.763  3.239 0.020
2 3119  6.464 0.482 N/A 1619 2.909 2.938 0.021
32211 6.612 0.513 N/A L7901 2976 3.128 0.023
4 2,665 10.655 0.48¢ N/A 2,107 4.795 2.953 0.027
5 38713 7.677 0.573 N/A 1.453 3.454 3.498 0.019
6 2212 5364 0.604 N/A 0.923 2.414 3.682 0.012
7002715 6123 9.088 N/A 4026 2.755 55.439 0.051
8§ 2,125 6.688 0.704 0.332 1.239 3.010 4.296 0.016
9 2169 6.403 0.699 0.187 1.254 2.881 4.261 0.016

(=)

2.058  6.666 0.574 0.219 1.250 3.000 3.503 0.016

Co
[

A 25 5% B AN G JE V5 e R AR I h 25 SN IR F AR R
Yy S 5 32 O3 o o 4 S R S it L B
TR RN o] 396 M 5 LR R i AR S &
5 T A R R R0 o nT AR AR R
ARl D NN =R N A= B G - i e o AR LR
BRI, T it i 2 S AR ) o v o 4 8 s T PEAS 4
J AT BEAFAE A g B XU 2 G H 2

AR 56 v R FH R 7R 45 A TR T i 1Y ik Ak B

i, T A T VR VRV U T AR FE T AL 8 4L TH AR

BT, ELAE R PR 25 F T Re kS 2 5 & JT % As Ml Hg 1Y

500 Hg I 2 B &7 77 A= e A R FIR B RER , &) 5%

B RS I RS TR N X R 2 SR R R L AR

IR TE PRI Au FRICER b HEE WVE AR e 7

T4 R 55, I He JCZR X AP , SE 8L T He 5 HA

JCE Rl R I A H AU R ICP - MS 5 32 BE AN

UGS U s T4, RO B in A5 il oo 26 9 ot 2 50

AT B AR, T3 R I 23 BT (5 5 14 e K 1)

TR, DT 15 0 B 45 S 10 vt 3 L1 AR 6 v R T i

BREIEL I A 2Ge . 5In 2Bi NirR , 4551 3 F PRI R

PIFR EI N 81. 25% ~ 97. 06% , FF 5 HLAE -

T ik ER R W % L AR AT AT A e ik

R RS PPt 485 5 s, 1O HE 25 AL i S R OT R & iy

5 A ([ 24 3) 2020 4F i 5 42 Ja FR it 48 58 s EDL Yy

/NF PTDI, THQ {E /N F 1, As .Cd . Pb iy CRE /N T

1 x 104, KUY 10 HL 2504 B i AR 28 58 A HE i I i 1Y

TG 3, B RAr AR M E ST A ET

ARG T v B RS PEA AT SRy 2 24 b T e A o N

VA $E A A 25 LAtk ORI BSR4

S 2% 3k
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