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BE: B @RS S TR (ICP-MS) 35 I %2 it 55 Cordyceps militaris T 221K T8 h s (Cr) | 4
(Mn) | 8 (Fe), 8 (Ni), #id (Cu). B (Zn), B (As). # (Ag). #i (Cd). 8 (Sb). #1 (Ba), # (Pb) Hy
HAE, FE KRR, ICP-MS R 12 Fh ot R M SR R 12 M@ mIn R aR i R
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Determination of twelve metal elements in dry powder of Cordyceps militaris my-
celium by ICP-MS

WANG Jing', HUANG Wei-xiong', LIANG Xiao-yan2 , HU Jun-gao', LIANG Xu-xia' *
(1. Guangdong Provincial Center for Disease Prevention and Control, Guangzhou 511430, China; 2. Ruikang Hospital Affiliated to Guangxi University of
Chinese Medicine, Nanning 530011, China)

ABSTRACT: AIM To establish an inductively coupled plasma-mass spectrometry (ICP-MS) method for determ-
ing the contents of Cr, Mn, Fe, Ni, Cu, Zn, As, Ag, Cd, Sb, Ba and Pb in dry powder of Cordyceps militaris
mycelium. METHODS  Afier the samples were treated with wet digestion, the contents of twelve metal elements
were determined by ICP-MS. RESULTS The detection limits of twelve metal elements were low, whose correla-
tive coefficients were all more than 0. 999 2. The method validation was performed on frozen-beech leaf powder and
tea leaves with good accuracy and precision. CONCLUSION  All the metal elements in dry powder of Cordyceps
militaris mycelium accord with related national standards.
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Ry 2 TG o MOHS R, (BEEA 5248
W2 A VA oG 0 B 4 e A 2IE B & B 0 A 1Y
i, K, A S50 ) A R G A B AR B
(ICP-MS) & Hrhs (Cr). & (Mn)., £k
(Fe) . B (Ni), H] (Cu)., B (Zn), B (As),
HO(Ag). # (Cd). B (Sb). 8l (Ba). 4
(Pb) MIEAR, MIRA T 48 0 3 70 i B
PAAAS A 149 A1 R AR AR PR e AR S

1 E5iRF

1.1 LE  Agilent 7700X Hi JBHR A 25 58 11K i 1%
AL, FFE MassHunter TAERS % (S5 [E Agilent 2%
F]); Direct-Q3 H4li/KAbPE RS ([ Merck Milli-
pore 4H] ) 5 EARGRA (99.999% , JTMAMK) A
FRZ w3 DS-360 4 fig A 55 I8 i A (% i ~
210 °C, JTHEPIPLERABRAF) ; K MES
Was (10, 20, 50 ~100, 200 L, fE[E Eppendorf
NF]) 3 XPE204 HL TR (%I Mettler-Toledo /2
A BURAE BT B A3 (50 mL) 3 SR
(15 mL, 3£[E BD AH]) .,

L2 350 W RRLT 224K TR AL 3 it 5 5)
S 150101, 150102, 150103 ( J7 7% &t 4 fd 5 A
Al) o MMM (FE1E Merck AH]); #BaliK
(HLPH#=18.2 MQ - cm) ,

TR (45 BCR-100, 30 g/Jff, BRI
Y T 5 2% B SRG TG ) s &
M (g% INCT-TL-1, 50 g/iffi, P22 5HOR
WF5EBE) o

R Z TR AR ER W [ 3K h 10%
HNO,, H rp Bk (Fe) JC &% B & &k & N
1000 pg/mL, % (Cr). % (Mn). £ (Ni). 4
(Cu) . B (Zn) . B (As), 4R (Ag). @ (Cd).
B (Sb) . Bl (Ba)., #f (Pb) JURFTHEWKEL N
10 pg/mL, %i'5 51834688 |; LR ZIT R NIR
RAW [HAKN 5% HNO,, &AM (L), 4t
(Se). £ (Ge), 5 (Y). # (In), K (Tb),
B (Bi) 7 FpocE, HEEEKEYN 10 pg/mL,
Y7 51834680 | ; “LHENEZICER ICP-MS {81415
W [ 2% HNO,, &8 (L), 42 (Y),
Fi (Ce). & (TI). % (Co) 5 Fhom®:, Hia
HeBEYA oM 10 ng/mL, 45 5184-3566 |
2 FHiE
2.1 BESRUHAC A3 DR B PR A i R TR 22 K
THFE a4 (FPATHES), BREE R 200 A
0.417 8, 0.428 5, 0.427 7 1 0.425 8 ¢, B T
1084

50 mL[B GRS B3 B T A b, ORI A DL 2 2l e A
% 10 mL, BHAEE T8 68 A BE A0, KR
T A TR, THRZ 120 °C, 4if54 h,
PR 2 160 CIHfE, AW Bmctl, w2 h
JHIRAR S AL, HEMEMIBREEY, 2IRH A,
BeJ5 180 CHEMRZEZY 1 mL U R, RS
ZH, DR TRERM B 53 A A IES 2 Y iR
FrariEmAEAS, FAALEE, IR &SRR, Irg
BER AL 585 2 15 mL BD WLEHRAS v, i
4K ZUEBIEAE , SITERIR S HLIK, &5
EZE 10 mL, $25), f#,
2.2 BiRELH)
2.2.1 ZItxRGHEMZGARITTH 5% HNO, ¥4
LRHCZITTRIR AR BOE B FERL RS AR M 26
VW, B W FE Y Wl Fe 0.00, 0.100, 0.200.
0.500, 1.00, 2.00, 5.00, 10.0, 20.0 pg/mL, Cr,
Mn, Ni, Cu, Zn, As, Ag, Cd, Sb, Ba, Pb
0.00, 1.00, 2.00, 5.00, 10.0. 20.0. 50.0.
100, 200 ng/ml.,
222 BAWNWMHH®EH 5% HNO, ¥
10 pg/mL Sc, Ge, Y, In, Tb, Bi ZH/HNIRIR
BWHMEEN 1.0 pg/mL AFRE IR
2.2.3 ICP-MS {{gsig i HIEBCH 5% HNO, #
10 ng/mL Li, Y. Ce. Ti. Co %M £ TZE ICP-
MS AES IR R B R 1 ng/mL BT a3 i FH K
2.3 ICP-MS ML#E EB4M WMELKLITEE, YR
MAAREERZ R BT TR, & 2083
PSRRI S BN 1 AR e RS FES 2
FERIA . BRSO LA R, SRAE%K
i, AT

x1 BRIEEHRSH

Tab.1 Operation conditions and parameters

240 BOEMH 24 BOEE
FE A HERAT IR 8.5 mm FAb AR LA
AR 4.5 mL/min || 58/ T 1
AR & 1. 14 L/min ||IF §34izh & 1550 W
FALE R 2°C AR IE AR HEA A AR
It 3 5 B okt 0.1 v/min ||SFEFAEFG R 15 I/min
SRAERE R Spectrum

2.4 FiEFERAEAK
2.4.1 KRS EEE RS 21 vk
THALRORE 28 LIV, B A ML X0 7 4 ) ot
EoAE, RSN DAERR Tk (B D)
FEfR Y K (rhEZG L) 2010 BEVY A SRR, T
TR B S R
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2.4.2 FRiETAEMZRSE K R0 0 U AR U
W AL, PAgs e R 5 RN AR R T8
(CPS) (LLIE MG AL bR, o7 o Uk B Ay A8 Ak s 223 1l
PR TAEMZ .

2.4.3  [PICREREEENE  KERBOEA TR
12 iy, JelE 3 (i RIFE A TR AR & A &,
P4 WAL, . &3 AAFESE i AZ ot
FAMERW, B3 IR 1 ANBEEE, RIEHEAIF
2, LHLNE S TR, R meR S5k
%_:E[B-lﬂ .

2.4.4  JiardEd] (R E I A o 22 AR T R A
i 3 AN B 3 IR REAR R IES Y,
[, THEA TR PE SHX R 2, Jf
H5ZEZUEB bR s E#E T U, S5 G AR R i
2RI MI T AR S A

2.4.5 JFRRCEMELR  CKIHALE AL R
WT 24 h WEESLNE 3 K. CE LA, 735
1K, 2. B3 R RRRERAER T S
PEATIAE , Ay BT SRR R 2, B
TR e

2.5 HsewlE ARYEESL M bR ME T AE
HiZk, Wi bikzs [, RS AR 45 28 oo
R EA T, AT R AR I R 45 S B

SIERS

3 HR

3.1 FRFAK

3.L1 RHREAEEE AEETRINAR

HMER, ERRU ARG R R 2, LA LR
R BRAREAR, Trik REUE R, MRRBIIRT

R2 KHRS&MEER
Tab.2 Detection limits and linear ranges
gt o B B S
iz AHXS JF M.LE%/ mml‘%/ & ﬁza?/ P

il (pee L") (perl') (pgel™h)
As 72 0.004 2 0.014 0 ~200 0.999 9
Cr 53 0.006 3 0.021 0 ~200 0.999 4
Ni 60 0.0250 0. 083 0 ~200 0.999 5
Ba 137 0.024 0 0.079 0 ~200 0.999 7
Zn 66 0.068 0 0.230 0 ~200 0.999 7
Pb 208 0.009 1 0. 030 0 ~200 0.999 8
Mn 55 0.009 1 0. 030 0 ~200 0.999 2
Cd 111 0.001 0 0.003 0 0 ~200 0.999 9
Cu 65 0.0120 0. 041 0 ~200 1.000 0
Fe 57 0.6100 2.000 0 ~20 000 0.999 9
Sh 121 0. 000 4 0.001 3 0 ~200 0.999 5
Ag 107 0.001 0 0.003 0 0 ~200 0.999 9

3012 JrEblfcRRE: K, &3 DR

T IMAE TR 5351 2R 90. 4% ~103% , 89.9% ~
103% . 91.6% ~ 104% , KF|4HrER", Hik
W3,

3.1.3 HEmERE MR, . w3 DR
i, % JCZ RSD & KAEH 4510 2.1% . 2.4% |
1.6% , RUVAHEHIE R

3.1.4 RUEMRE  HWRZES HER2ZER RSD
BIFE0.5% ~3.1% Zi), FIIZTEREE R,
3.1.5 AiUESFEY R (FfEMMS) EIE &T
PEAI oy RN A% A I 45 2R s, 3% 0 9k Il i e A
o @BITRSTAH KT 100 mg/kg i, BNy
92.2% ~102% ; £ 1 ~100 mg/kg Z[aIf}, [A1fi%
1 92.8% ~104% ; 7E0.1 ~1 mg/kg Z AN}, [
FH94.7% ~100% ; /NTF 0.1 mg/kg B, [alfiR
7 85. 8% ~100% , - H 470 RSD ¥4/, 8

0.999 2, FF&EMHTER, POTH R TR, BRI 4,
F3 MERRERREER (n=3)
Tab.3 Results of recovery tests (n =3)
AL 1% h &
JLHE L AR/ AR/ [, mMAR/ AR/ [, AR/ MAER/ iR/
(ne (pg'l™) (pgL™h) % (pg'L™")  (pgLl™h) % (pg'l™") (pgL™h %

As 2.57 4.00 6. 46 97.3 20.0 20. 8 90.9 40. 0 39.6 92.5
Cr 16.3 4.00 20.3 101.0 20.0 34.9 92.8 40.0 55.3 97. 4
Ni 27.6 4.00 31.2 90. 4 20.0 46.2 93.2 40.0 66. 1 96. 3
Ba 79. 4 4.00 83.6 103.0 20.0 2.1 98.2 40.0 120 101.0
Zn 249 4.00 253 91.4 20.0 268 93.1 40.0 289 99.9
Pb 5.11 4.00 9.13 100. 0 20.0 23.5 91.8 40.0 42.8 94.2
Mn 122 4.00 126 95.2 20.0 140 89.9 40.0 162 99.9
Cd 0.28 4. 00 4.25 9.1 20.0 19.2 94.5 40.0 38.1 94. 6
Cu 69. 4 4.00 73.1 90. 6 20.0 89.9 102.0 40.0 111 104.0
Fe 1581 400 1 984 101.0 2 000 3513 96. 6 4 000 5245 91.6
Sh 0.63 4.00 4.38 93.7 20.0 21.2 103.0 40.0 38.0 93.4
Ag 0.13 4.00 3.99 96. 4 20.0 18.6 92.3 40.0 40.5 101.0
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Tab.4 Determination results of quality control samples

BT REARMH At
JoE FHIE/ RSD/% W% (ZHEAWEE)/ THE/ RSD/% W% (ZHE = AHWEE)/
(mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
As 0.51 1.1 100. 0 0.51 0.09 0.6 85.8 0. 106 +0. 021
Cr 7.81 2.0 97.6 8.0+0.6 1.81 1.6 94. 8 1.91 +£0.22
Ni 6.42 0.6 — — 6.34 1.5 104.0 6.12 +0.52
Ba 0.02 2.1 — — 44. 1 1.1 102. 0 43.2+£3.9
Zn 64.9 0.6 9.1 69 35.4 1.6 102.0 34.7 +£2.7
Pb 16.1 0.6 101.0 16 1. 81 0.9 102.0 1.78 £0.24
Mn 1199 2.0 92.2 1 300 1574 2.3 100. 0 1570 £0.011
Cd 0.34 1.1 100. 0 0.34 0.03 1.0 90.0 0. 030 +0. 004
Cu 11.0 0.7 93.3 11.8 18.9 0.8 92.8 20.4 +1.5
Fe 560 1.0 102.0 550 409 0.9 94.7 432
Sh 0.34 1.0 94.7 0.36 0.05 1.2 100. 0 0.05
Ag 0.04 1.5 — — 0.01 1.2 — —

V. — R A
3.2 Haemls R X3 LI 22K TR
12 M & JRC RS A m TR, S5RES, &

ARG Th 2y s AR S PR A 1

£S5 HmENER

Tab.5 Determination results of samples

R/ (pgrg™)

H 2l BR AT/ CUR R 6171/

LE 1501101 150102 150103 SEHE (pgg™™) (ng'g™")
As 0. 06 0. 06 0. 06 0. 06 <2.0 1.5
Cr 0.39 0.38 0.38 0.38 <1.O(HE¥y) .<2.0(fa Dl Jlimky) 15.0
Ni 0. 66 0. 64 0.63 0. 64 <1.0( A\ i) 100. 0
Ba 1.90 1.82 1.85 1.86 <15 0( & HIEh) TehifE
Zn 5.96 5.88 5.91 5.92 <20.0(#38) . <100. O Z Kkl &h  IA) 1 500.0
Pb 0.12 0.12 0.12 0.12 <5.0 1.0
Mn 2.92 2.85 2.90 2.89 TR 700. 0
Cd 0.01 0. 01 0. 01 0. 01 <0.3 2.5
Cu 1. 66 1.58 1.64 1.63 <20.0 50.0
Fe 37.8 38.2 38.0 38.0 TekrifE 1.500.0
Sh 0.02 0.02 0.02 0.02 TehRiE 2.0
Ag 0 0 0 0 Tehnif Tohrii
4 it R R R RAE AR T AR gk R A,

AR, BREAEE SR TG Y IE SR, XHEF
A 2 (1 22 A fil R R KR . B
FEERFW, Wi E 4R T i B e 1L
i, 2 ANBREA . BB, I8 AR EE
G5 VAR 5 2 B W ST N B o = 0
M, DAHFT & &m0 s i, XL
BEVERCR I . B 4. RICEREIE T A I R
P, ARXT R DL 4@ JC 3 & e 1 ) SO o
HAXTHE A, A T R R 2 b R R A R A
KF

U AU B S 2 M, BEE R I E 4
JEICE Y, H S EA R S TR 25
PERGA RO A R, INITERAE 2555 . Biltn, gl
1086

HAMFIRRFE A 5 AR KA ELE (n
HLah . W) MR ER L RE LR T EA
SEHA FE AR, (N i o A K A TS
HIXTHD o i R R B R R A B R (SOD)
MEAYHR . AR, W48 AR,
F# 43 Fh, B Cu/Zn SOD ., Fe-SOD, Mn-SOD.
FERRAE S Fe IR R T e B 2 ik b R
Cu/Zn SOD #Y, (H 47 FOGHE 09 & B4R, DA &
XFEME SOD & sy iF o . Hfh 4 @oc R (w
Be. B BB AL, ARAE) RV WHRGE AEAE —E
A XU B G o e B AR A BE T I
FLA R B, B M IC R i FBEK Z A 5ot
FE, REINEEAR 1 24002 3 H AT BCRAL T
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IR > —, BOaYIT B RS | W
i 22 0 K R 7 i

HLURGHE A 45 B T IR G (ICP-MS) HiR 2 —
FhZ LRI R HTHOR, AR T, HEAH
TIRAE SO0 . MMIBRAT . RS R Lk v
P, AT T A 5] 26 20 25 5 ik K ) 45 5 4
VORI B R T A 4 A ICP-MS 1Y,
X U H R 22 TR HEAT TR B T B S A AT
WA, WRORT, ATHRIEEDR, 4558, i
R RT R . BE. L L PISCEN S
AR, XSRS B, ST E
(AR — B, T BT I M UERRRE | RGBS 4R
AR ARTR . A BRI G R bR R B,
R R TC RIS A R A E N 2 S G
BRAEALE , A4 3 [ 25 MLpR e
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