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WE. BN A IR AR P45 (Ph) 48(Cd) AP (As) &R (Hg) 4R(Cu)S HELBAEHEAZTASTH L ELSEFE TR
JRE(ICP - MS) ik 7% SRR K Ak T R it AT AT LB R A ICP - MS (MR T2 BAAEAEA T, FEFTHRHAAFA
1600 W, AR F 4 18. 0 L/ min, MBI AR EH 1. 2 L/ min, FHAFEH 0. 86 L/ min, RAFEEA 0. 5 mm, H et 45 4 24 v/ min, &
FJE T H 0. 65 MPa, fkoF &, =4 1850 V, #-db ok 2R BT 18] A 30 s, 2838 10 s, ALK A KED sEdg X, M B R ERKX A LT FH %,
Z 8  Pb,Cd, As,Hg, Cu #9 & Z R E 5 4 2.0~100.0 ng/ mL.0.2~10.0 ng/ mL.1.0~50.0 ng/ mL.0.1~5.0 ng/ mL.5.0~
250.0ng/ mLEE N EHNTE / AT E M ERESEEEXRRF(r=>0.999 8,n=6) ;% &  F A1 AT HXIE L R0 RSD
IR T 6%; T 3 mAE w ol F 5 3 A 99.30%), 109. 58%, 101. 35%, 93. 83%, 97. 61%, RSD 4 % 1 2.70%, 1. 62%, 4. 99%, 4. 19%,
2.92%(n=6).,16 #2544 ¥ ,Pb,Cd, As, Hg, Cu 894 F 5 %] 4 0.49~5.26 mg/ kg.0.06~ 1. 17 mg/ kg.0.04~0. 11 mg/ kg.0.01 ~
0.02mg/ kg 1.26 ~4. 47 mg / kg, P 1 #2548 Ph AR, | B4t Cd BAR L Z 7 R BRAEMN 2 & RCEH, TR T F a0l 2 4
MBMF S HELBAAEAENEE.
KR AR B RS F B TR, Tk A EAL; SN

Simultaneous Determination of Five Heavy Metals and Harmful Elements in Myricae Radix by ICP - MS
GENG Yefei,WANG Yongjie,LIU Huiyan,ZHAO Cong
(Hebi Food and Drug Inspection and Testing Center ,Hebi,Henan ,China 458030)
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Abstract: Objective To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for the simultaneous
determination of five heavy metals and harmful elements [lead (Pb) , cadmium (Cd) , arsenic (As) , mercury (Hg) and copper
(Cu)] in Myricae Radix. Methods The sample was pre — treated by the microwave digestion method. The ICP — MS method was
used to determine the content of heavy metals and harmful elements. The plasma RF power was 1 600 W,the gas flow rate was
18.0 L / min,the auxiliary gas flow rate was 1.2 L / min,the atomized gas flow rate was 0.86 L / min,the sampling depth was
0.5 mm, the sample lifting speed was 24 r / min, the liquid argon pressure was 0.65 MPa,the pulse voltage was 1 850 V,the
sample washing time was 30 s,and the delay time was 10 s. The tuning mode was kinetic energy discrimination (KED) mode, and
the data collection mode was the fully quantitative method. Results The mass concentrations of Pb, Cd, As, Hg, and Cu in the
ranges of 2.0 - 100.0 ng / mL,0.2 -= 10.0 ng / mL,1.0 = 50.0 ng / mL,0.1 = 5.0 ng / mL,5.0 - 250.0 ng / mL showed
a good linear relationship with the response signal values of the tested element / internal standard element (r > 0.999 8,n = 6).
The RSDs of precision, repeatability, and stability test results were lower than 6%. The average recoveries of Pb,Cd, As,Hg,and Cu
were 99.30%, 109. 58%, 101. 35%, 93. 83%, and 97.61% with RSDs of 2.70%, 1.62%, 4.99%,4.79%, and 2.92% (n = 6),
respectively. The contents of Pb,Cd, As,Hg,and Cu in 16 batches of Myricae Radix were in the ranges of 0.49 - 5.26 mg / kg,
0.06 - 1.17 mg / kg,0.04 - 0.11 mg / kg,0.01 = 0.02 mg / kg,1.26 - 4.47 mg / kg,with Pb exceeding the standard in one
batch of Myricae Radix and Cd exceeding the standard in one batch of Myricae Radix. Conclusion This method is simple and
accurate ,which can be used for the simultaneous determination of five heavy metals and harmful elements in Myricae Radix.
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R N MR R M Myrica nana Cheval. 19 BT KR L RIERIETS THALAR R e 5
TR, 3 T o, Z2ARAEHA 1500~ 3500 m i IfiL BT KGR PR (R T4 00 S5 E 2 F AT, 5 T4t
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(Cd) B (As) 7R (Hg) Al (Cu) 55 4 )8 L EICRAT
TEIEA AR AN AR 18 S5 5, BRI S L
—EREETIEME RS NSRS FNECEE
JERGEINE S B0 E AR MRS R T AR
24 ARG TR ST T RN A A A AR v 4 )R
A E IR BR 0 R B A B AR BT (ICP - MS)
2, DO H TR R M 4 A ELAE RS B
SIER/(1I N

1 UFE5KH

1.1 {4z8

NexION 350X 78 H JEAH A 45 85 1 T X (55
PerBinElmer A 7] ) ; MARS 6 CLASSIC BRI {30 1 fit A (3£
CEM A #]) ; EHD — 40 B RRAY (L KF 28wl ) 5
XA 105DU YL 7347 RS- CHERES) — FERIZALES < Lifg >
ARRAF RO, 1 mg) .

1.2 X%

Ph G EARMER I (L5 4 21A010 - 5) ,Cd L FE Fr
WEVE R (L5 4 219025 - 5) , As JTCR bR fEE IR (HIL5 A
219020 - 6) , Hg JLR AR MEVE W (L5 4 218019 - 5) , Cu
TCEFRUEE TR (L5 218036 - 8) ,4x (Au) TLEbRiERE
W (520 219019 = 1), 85 (Ge) TR AR MEE W (L5 R
217027) , 48 (In) JCZR R UERS R (H1E524 218033) , 54 (Bi)
JC E R AE T W (L5 R 214005 - 2) , B E N
1000 pg / mL, ¥4 F EI A 64 I8 X i B0k Bl
RO 5 R B 220 M A v 0 B (bR 4 B BR Ak 2
WEWF T BT, 45 43 91 GBW10020, GSB — 11) ; 8%
(Be) li(Ce) Jk(Fe) (L) BE(Mg) A (U) In PhIREH
7 (32 PerBinElmer A F] , I, #iL5 4 37 - 173GSX1,
PN 1.0 ng/ L) s fisie (FEE R A W) s 7K h
afigk s 16 R (450 S1 - S16) K H = B A 7]
DX, 2590 i 44 S R T ot 245t A A U e R 5 7S )
FAELG IS R IE S A R RS  #Hage EoRk UE
e T I R e I 3 0 A R R B 1

1 BHIBRERES

Tab.1 Information of Myricae Radix samples

Hahs Fi AKER | ADHE i Ak

SL FHABATARE 200-09) 9 FHERATRNE 2020 -05
2 FAEERETOIE 200-03] SI0  FHERAFELE 2020 -05
S5 FAAKEMENE 2020-03| SUI FAAEAFEHLE  2020-05
S¢ FAEMATERE 2020-09| S22 FAERATEAEL 2021-05
S5 FAAEMMBRT 220-03] SI3  FAELWTENEL 2021-05
S6  EAARMMEAT 2020-03| S14  FAARAFTFRE 2020-05
ST FAEEBMERT 2020-03] SIS FAERMTERE 2021-05
S8 EAALWTRNE 2020-05| Sl6  mAARAFTAINE 2020-10

2 FHEEER
2.1 ICP-MS IT{E&#

LB T RGN 01 600 W3 25 85 TR SR &
18.0 L/ min; #ff B AR & : 1. 2 L/ min; 50
P :0.86 L/ min; RAEVREE : 0.5 mm; £ 5 48 T+ 5% 5K -
24 v/ min; W JE /7 :0. 65 MPa; Jk it e [T : 1 850 V5 £
dn TR ] : 30 s 5 AEIR B[R] < 10 s 5 PHIERLL : KED fif i
B B R A S A i T R ] < 4 s 2SR
i 542 A2 3 UK, A2 B 208Ph 1 202Hg L 29Bi 1 R I #x
WCd L "SIn /A INFR, B Ca Fll 5 As DA B3Ge VE R INFR o
2.2 BWHE
2.2.1 AREER

TR AP UERS IR 77 IS % HUPb, Cd, As, Hg, Cu B2
TCEARME AT 1, 5% W FR VS A PR A | mL &
Pb2 pg.Cd0.2 pg As 1 pg Hg 0. 1 wg.Cu 5 pg, BIFS .

AuTCEFRET 2 B Au JTC R ARMER I, JH 5% i
PR BRI AE 1 mL 5 Au 1 pg, BIFS.

T v JH 2 75 A < 2 R U A PR E VR RORT Au B
B ETE 25 04538 1, FH 5% il R AR B BUAE 1 mL 43501 &5
Pb 2.0,4.0,10.0,20.0,40.0,100.0 ng, Cd 0.2,0. 4,
1.0,2.0,4.0,10.0 ng, As 1.0,2.0,5.0,10.0, 20. 0,
50.0 ng, Hg 0.1,0.2,0.5,1.0,2.0,5.0 ng, Cu 5.0,
10.0,25.0,50.0,100. 0,250. 0 ng, Au 4. 0 ng, B175,

TR A BRI IR : 53 3K % H Ge, In, Bi BROT E AR
HERS R A o, /KA BEAURE 1 mL 7% Ge 10 pg.In 5 pg.
Bi 5 g, Bl .

2.2.2 HiREBER

BU MR 25 By K (G 35-0) 0. 5 o KR E , B
R VUFR LI e T e b ISR 5 mL, TR A) & 2 h,
BRI A A e O T A R T (3 2) HEA TR L U
fift oA I, R 2 60 CCLATR K M E i 1 3 100 °CHEE
g a% L HEA TR , 2 JOAs 0 (00198 25 442 ) e B i i
WV W T R TR 7% 22 50 mL 25 B TP, K R 4% T
WE 3R, BFK S mL, B VRIR , EA R, i Au Tt iR
HE £ 200 L MR G AR I 250 WL, K E %S, 1R
SNIFEN

2 HKHBRER

Tab.2 The procedure of microwave digestion

FR ARMAn) REC) RENH(m) | FE AESE(0n) BEC) REHE(min)

1 5 15 l 4 5 170 3
2 3 100 ] 5 5 190 10
3 7 150 ]
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Tl I A AT R B 7% P E AR 2 50 mL & =i Fd4 REMENELR (mg/kg,n=3)

,_JP , {E.ls /5,] , EI]/TEIJ: B Tab.4 Determination results of standard material (mg/kg,n = 3)
2.3 HiESEm MEER Ph Cd As Hg Cu

LM RS 2. 2 1 TR BAAR R A, FRE 9.70£0.90 0.17£0.02 1102020 0.15£0.02 6.60+0.50
2. 1R ICP — MS TARZ&MFHEREINE >R FH AR A 8934 0.184 1,192 0. 143 6.152

AR IE , AR G 2R (4 5T i R B A B AR AR (X, ng / mL) | E e A R
TR T 5 P %k AR JC 2R W A5 S (B LB A AR bR Note:Those after "+” are the uncertainty.
(V)SEFTLEPE I 25 3 3, TR IS IRC G < B 5 A A Al (G5 Ol S4) 1
%3 SHELERAETEAMLREERANRSERER L WEWE L6 0, B AR & AR HERT 100 pL,
HELESR F422. 2. 2350 F 5 il e R A F2 2. 130T R ICP - MS
Tab.3 Results of the linear relation test,LOD and LOQ of five T AL EREN 5 |, 118 & 70 2 B ke ] Y & 45
heavy metals and harmful elements er, %‘:Z 5,
P - i ZHEE  huR ZER RS SHEEEREELEZMERKIXIEER(n=6)
(ng/mL)  (ng/mL) (ng/mL) Tab.5 Results of the recovery test of five heavy metals and
Pb ¥=0.0342X+0.0022 1.0000 2.0~100.0 0.0084  0.0279 harmful elements (r = 6)
Cd Y=0.0127X+0.0001 1.0000 0.2~10.0  0.0063  0.021 1 ik RHE HEAE AT NBET ®KE X RSD
A Y=0.0105X+0.0017 0.9999 1.0~50.0  0.0144  0.0480 (g) () (wp  (pg) (B (%) (%)
Hg  ¥=0.0041X 0.9999 0.1~5.0  0.0132  0.0439 Pho 05056 0.2624 0.2000 0.4573  97.45

0.5068  0.2630  0.2000 0.4660 101.50
0.5033  0.2612  0.2000 0.4632 101.00

Cu  Y=0.181X+0.2689 0.9998 5.0~250.0 0.0196  0.0655

ORI PR e F B S < 5000 32 28 R VAR 11K, 0506 02598 02000 0.4632 1oLt X XM
DA 5 1 17 AL O 22 (8) 149 3 435 BT Xef I g Joi e 1 05040 09616  0.2000 0.4515 94 95
SR BR , LA & 4 10485 B X5 Lz A Joit dat e FEE A e R 0.5047  0.2619  0.2000 0.4603  99.20
SRR 3 Cd 05056  0.0319  0.0200 0.0536 10850

K R B2, 2. 130 P ARE A (B 1 mL A% 0.5068 0.0319  0.0200 0.0533 107.00
Pb,Cd, As,Hg, Cu 4354 10.0,1.0,5.0,0. 5,25. 0 ng) , 05033 0.0317  0.000 0.086 1950 o
¥ 2. 131 F ICP — MS TAE AR 2 RN %2 6 YK, 114 0.5006  0.0315 0.0200 0.0539 112.00 ' '
HICE R B RSD . 455 Ph, Cd, As, Hg, Cu FiJ RSD 0.5040  0.0318 0.0200 0.0537 109.50
I3 h 1. 40%,2.98%, 1. 41%, 1. 68%, 1. 18%(n = 6) , 0.5047  0.0313  0.0200 0.0540 111.00
L B 2 L0 As 0.5056  0.0475  0.1000 0.1467  99.20

TR MRS R — (R (G5 S11) 4% 2. 2. 2301 0-5068 ~0.0476  0.1000°0.1566 109.00
T TR B SR 6 6, 45 2. 130 F ICP - MS 0.5033  0.0473 01000 0. 118 9430 0 o) g9

0.5006  0.0471  0.1000 0.1508 103.70
0.5040  0.0474  0.1000 0.1458  98.40
0.5047  0.0474  0.1000 0.1507 103.30
Hg 0.5056  0.0071 0.0100 0.0161  90.00
0.5068  0.0071 0.0100 0.0165  94.00
0.5033  0.0070  0.0100 0.0160  90.00

TAESAFVEREIN 2 45 5 P, Cd, As, Hg, Cu & 1) RSD
R 1.14%,0. 86%, 5. 06%, 5. 51%,3. 58% (n = 6) ,
R EEE MR

FoE Mg - B m]— 1 itk s i, 7390 10,2, 4,
8,12 h 4% 2. 130 R ICP — MS TAE S A dEREM 22 25

Pb, Cd, As, Hg, Cu iU ¥ & (¥ RSD 3511 4 0. 69%, 0506 0.0070 0000 0062 o200 o *P
3.53%,1.60%,3.22%,1.85%(n = 5) , £ AHHA THIF K 05040 0.0071 0.0100 0.0166 95.00
TE12 h R E I R AT 0.5047  0.0071  0.0100 0.0173 102.00

EB0 B0 s DO A I 12 I AR MER BT L 4% oo 05056 0.798  0.5000 12647 93.58
2. 2. 250 N S AR ER PO W 75 2. 1 35 ICP - MS 0.5068 0.7987  0.5000 1.2989 100.04
TAEZRAF SRR E , 7154 Pb, Cd, As, Hg, Cu S FIC R 1) 05033 07952 0.500 L2787 910
o, SRR A S E S R N 0T 3R R AR A AT 0.5006 0.7889  0.5000 1.2951 101.24
LA o 45 5 5 FP T 28 (I 1 (6 5 hR v (AR AT , B 7 ik 0.5040  0.7943  0.5000 1.2854  98.22
M 2 A R 4, 0.5047  0.7954  0.5000 1.2728  95.48
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2.4 HREENE

P16tk (45 R ST - S16) i, 44 2. 2. 2300 R 7k
il AL W, $2 2. 1 IR ICP — MS TAE SRt A
U ITREA TR G, AR W 6.7 W, AR~ Hidy
MEAR i 4 8 M F U R M Bk B i 22 R KRR
2020 45 i € Hr [ 24 8 (PU3R) Y 254 5% B YRR B T
F5 5 0 4 8 MR FHIOTR — B IR AR T E 2
FARF (Hi¥125)Ph < 5.0 mg / kg, Cd < 1. 0 mg / kg, As <
2.0 mg/ kg, Hg < 0.2 mg/ kg, Cu < 20.0 mg / kg'¢’ . Al
UL, 405k S10 B RE & v Ph B FR , 4 5 4 S8 FUEE §
Cd 5.

*x6 SHMELEREELZR=ENELE R (mg/kg,n=3)

Tab. 6 Results of the content determination of five heavy metals

and harmful elements in samples (mg/kg,n =3)

%% Ph €l As He Cu %5 Pb C As Hg Cu

SI0.49 0.91 0.08 0.02 3.18S9 0.94 0.38 0.07 0.01 1.65
S20.65 0.56 0.09 0.01 3.39|S10 5.26 0.34 0.11 0.01 2.27
83 0.73 0.33 0.06 0.01 1.26 S11 1.61 0.63 0.10 0.02 2.60
S40.52 0.06 0.09 0.02 1.58| S12 0.87 0.54 0.08 0.01 2.53
S5 1.81 0.31 0.10 0.01 2.27 S13 0.58 0.44 0.08 0.02 3.66
S6 0.49 0.33 0.07 0.01 1.80| S14 1.25 0.25 0.05 0.01 4.47
S70.90 0.20 0.11 0.01 1.95| S15 0.73 0.26 0.04 0.01 2.24
S8 3.45 1.17 0.08 0.01 1.53| S16 0.69 0.50 0.08 0.01 1.55

3 iTig
3.1 HmiEfE

TR T i v B A T e R e 28 AR L TH e e
T OT 2 TCHE R DL A, AR IR T SR FH B0 V0 o 1 X
an BEATHT AL B, SR AR i RE 8 AT AR, B8 T ORI T
AR P a KW LA AR E) TSR 2 T R R
¥ o R I i JS AT R 45 AR, B T As Rl Hg JT
RANGIERICER , ik Gl IR B o = Bk e
ok A T R R R R AT R R, B A T AN R A AR
T B 72013 14 YR VL BN A 130 °C, B A JOhR
IR 55 H5E R, As Bl Heg TR PR BN, R T4
PR I TH] | JEE PR il 82 A5 1 7 120 ~ 130 °Co
3.2 BERIZIZRR

ICP — MS 2 ELA 60 58 #5017 o L T [ st
W ZFpoC R PL S (A7EME He T BT, th AR
RS ST CRAEHESG IR X Hg TR 7 A — e )
BRI 7 A2 SEAZ RN, R BEARIE L BN, 255 2020 4F- hit
(R 25 L (DU ) ) 2321 A AR iR VHRI E kR
JH He FRAEA TR 5 Ph, Cd, As, Cu B 7 15 W& 43 591 #4114
D7, He FRUfEva ol HERED , 5 H7E S S s b A
AuTCE A4S SCHk[15], R H Hg o & 5 HoAth
TG 3 B TR G AR I ARG 36 B 7 (6 [m] s A ARt K

4

I AR ES W TR 3 A Au e &L Au e R S
Hg LR P 4ok 55, NG N He JT R B9 i, PRIE
Hg JT 2 M RRE T R I A HE AR 14 o P T 7 25 FURE L i
W He TG Z 19 ARG 1CAZ RN AR /N , X R 485 S 1
BRI SEMAAL /N ORAEZS FIRE SR TP A Au e % .
3.3 FHiEEM

AHFFE H 3 ST A ICP — MS IR VE ] B A3 By i R

e | AR R 2% TR R, BE A A AREAR 25 B A TR

RS %

5% 3Tk
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