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Determination of Heavy Metals and Harmful Elements
in Medicine Food Homologous Food by ICP-MS
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Abstract: A method for the determination of heavy metals and harmful elements in medicine food homologous food was
established , so as to provide for risk evaluation, standard improvement and quality supervision for the related food.The contents
of lead, cadmium, arsenic, mercury and copper in medicine food homologous food were determined by inductively coupled
plasma mass spectrometry (ICP—MS).The results showed that the linear relationship of five heavy metal elements was good (r >
0.9953) , the recovery rate ranged from 82.25% to 115.13% ,and the repeatability was also good.The established method was
applicable for determining the amount of heavy metals and harmful elements of medicine food homologous food. According to
limits of heavy metals and harmful elements for medicine food homologous food such as leech in Chinese Pharmacopoeia, the
qualified rate of heavy metals and harmful elements in 17 kinds of 73 batches of medicine food homologous food was 98.90% .
Among them, the cadmium exceeded the standard,and the qualified rate was 94.52% .The ICP-MS method used in this paper
was suitable for simultaneous determination of many elements in medicine food homologous food.The experiment showed that the
contamination of individual elements in a few species was serious. It was recommended to take control of this aspect and
improved relevant detection methods and limit standards.
Key words: inductively coupled plasma mass spectrometry ( ICP—MS) ; medicine food homologous food ; heavy metals ; harmful
elements ; risk assessment
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18.2 MQ-cm(25 °C) ;i : Ge .Co Li Mg TLY ¥
1 we/L, NARAE Bi.Ge In Li(6) ,Lu ,Rh Sc.Tb
MIR-G NAR M W JE 100 mg/L, Hg FrEY) BT 17 WK
(10 pg/mL) , ZHERFHE A RS A 3 Pb Cd FRifE )
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(1000 wg/mL) P EERFAIFTERE ; Au PRfEY) R
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1.2 WA

1.2.1 FEAhETARER ARSI USRS, PO A
PG BT A 258 iR AL o A, 1 0, A5 o RS BRI
RIRES SIRE A 29 0.5 g T IH A REN, Jin 5.0 mL R
80 C Hi{H ¢ 30 min, fF¥&AJE , #HMA 2.0 mL fiH7R |
1.0 mL 3 A S, OB AR5 A BE 1130 2% i T, o5
GRS AT IS AN R THR A (32 1) AT
PR o 25 S BRI ialAE A1, HoAh 354 34 [R) A
mn AR BE AR SE I B AN S RS ST T I e, AR
LKIE YRR 1, T 120 C B 3 b, K5 PN 1) 3 Ak
H R N 00 5 0 A8 D RE i 7K T R TH A RE 3 U,
ot 4 IHEA R 25 mL 20 PRSI £ .

® 1 AT

Table 1  Microwave digestion and heating conditions
1] THR R P (ZS53 YIRS
(min) (C) (min) (W)
0~10 R THE] 130 C 5 1500
15~25 130 C 714 180 C / 1500
25~55 180 CF# 190 C 20 1500

T /RERTCORFERT ]

1.2.2  FRUEFEWECH] 533K 8% EL Cu 0.2 mL | As
0.01 mL H RS 0.1 mL F) 10 mL &&ES, H
B2 weg/mL Au BRAEF IR I 2% R R 175 W8 B 22 1)
JF 9% Cu.As.Pb . Cd.Hg 4> %] 20.0.1.0.1.0.1.0,
0.1 pg/mLIYIR A PRETE . F43 5K 25 I B 0.05 |
0.10.0.20 .0.30 ,0.40 .0.50 mL &S RAEA K E] 25 mL
IS EI T, F 2% MIIETRIE WG BE = 2 38, 153
Cu ¥EEE 4551 f7 40 .80 160 240 320 400 ng/mL; As .
Pb .Cd #4531k 2 4 8 12 .16 20 ng/ml; Hg [k
BE A 0.2.0.4.0.8.1.2.1.6.2 ng/mL [ F 51 & bR
TAER . KW E 0.1 mL {B& AR E] 100 mL 25
SR, 2% fid TR # R B 2 BE R4S, 45 Bk R
100 ng/mL¥) Bi. Ge . In 5785 AR o

1.2.3  AYERWE 554 ICP-MS [F B2 A FPoT 3R
B PRI AR = Sy S A = e dm il Li(7) .Y (89) (Tl
(205) ;5B TS M 15.0 L/min 15352 0.1 /s; 5%
FLZIREE 2 C B R M= :0.8 L/min; &< I :
4.3 mL/min; Z8 M HL: 0.8 L/min; 045 R A Bk
W s FEAE 7 = B 3 H 8 B3 UG Yk Ek: 100
W, H 2 o N PR E SRS H T B2 G A
JTCR M NARY), BRI 2, B AES AR E R
RS 5 /0N, S 8, SRR AR ) T DA SRR I I A
KON IH S IRAE LR E S I A MR JE S 100 ng/mL 14 N AR

£2 5 FhOCE B ]

Table 2 Mass and integration time of 5 elements

. Ipig=Rd A4 Bsf [] - FiE%L
DIV 3 NFR
(m/z) (s) (m/z)
Cu 63 0.3 Ge 72
As 75 1 Ge 72
Cd 111 0.3 In 115
Hg 201 2 Bi 209
Pb 208 0.3 Bi 209
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TCER U BE R AL bR, S PR G IE I AR, IR 1Y
55 5 AR JC K 09 515 5 09 58 B L S g4k
b, NAREE E i, il bR £ o
1.2.4.2 S MHERMECSZE 53R SRS T 3
SRR 6 4y VAT HE i AT EE A MR S 5 43 NG R
BUMACL T 3 SHREM 6 (3 PATRES, , P17, BURE S
SR ARG AR HER W 0.1 0.3 0.4 mL it =4~k
Y RE Y [ 9By IR 1201 B S R AL BRBEFT AL 3,
A5 1.2.3 ARSI #EATHE S Cu As (Pb Cd (Hg 5
FhICER e M 1m0 , B AT 43P o
1.2.4.3 ¥E&EME B Cu #JE 160 ng/ml. As .Pb Cd )
WS 8 ng/mlL, Hg B EE N 0.8 ng/mL IR A bR ifE
TAEW LT IR 1.2.3 fURF T AT A P Cu As
Pb .Cd .Hg 5 FICE W& PEE 8 , B34 7 50407 o
1.2.4.4 KPR HBES I W, FE R 1.2.3 [RS8
HAFHAT Cu As \Pb Cd Hg 5 Fhoc & i E M E &
L1 YO g, 4520 i 57 A8 i bR s 22 24 DL, S A d A
HRR 5 LAASCES A L BR DL 5545 0 S 36 B 1749 s B 3% %K
FYFEFR , TR DARE S 0 BBORE &E, D45 2 52 56 19 7 T A6
HER .
1.2.5  FEERDURE ARSI E S, R IR 1.2.1 X
FES T TBURE TH i R RS AT AL B, PRI IR 1.2.3 11
ILES A, FRANER R T Ja , # RS 11 WRas (i
W, FE-I0) 5 A ) R B8 ) AR TR VA UK, e S I AT: i 28 09
Gt U 0 52 A VS TR o BRI S 10 LR B ARG i, 100
FE— R AE N ZR S 3 AU (TR G ) R I ok
WA RS, 2l 2 JC R bR ph 2R, 9T AR
THE T2 0 1 25 R ol T R 1 AR R, R A1 BB R A7 TR
BECGT A STh AE SRS A
1.3 #iEaE

% Excel 2010 A4 %F 52 0 2% AR AT 5047 o

bl

2 H#ER545H
21 tREMEAREGEXEREETEE

IBE RV IR, G0 A #F ICP-MS 4347, LA
TRAG PR A AR BR (X)), Wi B S AL AR (Y ),
AERITHTERAG Sy A5 B bR o TAEINZE o dnifi T VEdh
LR AR T E W EE Cu £ 40~400 ng/mL, As . Pb
Cd 7€ 2~20 ng/mL,Hg 7£ 0.2~2 ng/mL 3t [ N , #5 #E
HZ e OC 51 A, £ MR 7 FIAH ¢ R EIY 7 0.9953
LA Hod Ca (Ph (&S H BR 24 0.01 mg/kg, As Cd 2hy
0.002 mg/kg, Hg & 0.0001 mg/kg, H AR ZE P [0] U5 J7
i AR B SITER R (L3R 3) . &R BN
M SELR LS BB B R Ay 2tk 5C 2, L B AR A L BR 56 42
] AW 2 B R R S b 5 R R 4 s ST EE nd R B
M5 S
22 EEH

rh E P S 6 A R 0 BT 4 SR s, T sk B Y B
A I 25 SR R 45 Cu (As \Pb Cd  Hg 19 F- ¥ & &
43514 5.120 ,0.030 .0.050 ,0.048 mg/ kg . A M 5 4%
ASTEEE 6 WKW B K RSD 4y Wil Sk 4.02% | 3.28% .
531% 3.19% 0% , #5%F W, S8 &5 M RO/
BEEBITTEME LR,
23 rBEH

XPARAHE AR MR A6 3 A mORSEHERE 6 U, e
JEECPRIEAT 53 BT, 5 70 22 10 B0 i i B2 PNl 45 vk B K%
AN AR AR 22 UL 52 4, ME X AR fE IR £ 29 /N T 3.51%
53 Hr 2 ISR NS 285 1 R4, AT DA SR S B (i o
2.4 [EYrER

ST E47 [ A5 485 R FIURR X 240 0 22 43 31 DLER 5~ 3%
9, £ itsa Cu As Pb . Cd Hg 5 Foo = 1yl 2, H
Hr Cu 1 AR AR 82.25% ~98.42% | As 14 [E IS 58Ny
93.36% ~115.13% .Cd ¥ [kt 2 K 83.33% ~99.40% .,
Hg ) [515 3 H 91.62% ~ 109.04%  Pb ) [a] ir 5 Jy
85.90% ~102.25% ., [A] Wit & FITAH XT3 Yl 22 45 R
NI T IR SRR G 5 P 48 T R I E 2Kk,

# 3 AREMZT TR AHOC R R AR LA R

Table 3 Standard curves of regression equation, correlation coefficient, linearity ranges and detection limit

JLR EacmlEpiy iES¥iq MG (ng/mL) K R (mg/kg)
Cu Y =0.7928X +5.0302 0.9957 40~400 0.0100
As Y =0.0761X +0.0050 0.9998 2~20 0.0020
Pb Y =0.0865X +0.0676 0.9953 2~20 0.0100
Cd Y =0.0187X-0.0038 0.9996 2~20 0.0020
Hg Y =0.0190X-0.0003 0.9997 0.2~2 0.0001

T4 KGN TR R R 22
Table 4  Precision and relative standard deviation

% W (ng/mL) 57K FE (ng/mL) e
Cu 160 154 156 155 151 160 149 2.51
As 7.3 7.3 7.6 7.3 79 74 3.51
Pb 7.5 7.6 7.5 7.9 7.8 7.9 2.64
Cd 72 7.6 7.7 7.6 7.9 7.6 2.87
Hg 0.8 0.78 0.79 0.76 0.79 0.76 0.77 1.78
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Table 5 Cu single element recovery
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#8 Hg HonRFICR

Table 8 Hg single element recovery

- AR R P ERE X 2 . AR EeR CRYEREE AR 22
S SEHE
(pg) (%) (%) (%) (pg) (%) (%) (%)
1 2 83.24 0.01 89.00
2 2 81.26 82.25 1.20 2 0.01 94.25 91.62 2.86
3 6 91.24
4 6 93.57 9240 1.26 3 0.03 82.58
5 8 97.63 4 0.03 87.17 84.88 2.70
98.42 0.80
6 8 99.21
. 0.04 106.88
#6  As HUITR MR 004 11119 109.04 1.98
Table 6  As single element recovery
- AR FWeE FHEICE FEXTE R 2 _
TEL () () (%) ®9PhCERICE
1 01 91.25 Table 9  Pb single element recovery
2 o1 osar 226 o AR G HIERCRE HATR f
B
3 03 93.81 (pg) (%) (%) (%)
4 0.3 97.22 932 L7 1 0.1 85.06 85.90 0.98
; 04 T2 115.13 0.096 2 o o
6 0.4 115.24 3 0.3 97.53 96.64 0.92
4 0.3 95.75
KT CdRITR MR 5 04 10271
Table 7 Cd single element recovery 6 0.4 101.79 102.25 0.45
S ﬁ?i;;g E(](Llﬁf)z $ﬂ(31|7§0!;|&$ *ﬁﬁ?;ﬂi’fgﬁﬁ 05 HENELER
1 01 .73 i ICP-MS J7ykxt 17 28 73 Lk 25 &
2 0.1 83.93 83.33 0.72 FEMEEY T 5 4 e A A FIouE NN E, 45
3 03 85.90 UK 10,25 HE2ge 5 FoTR B R RK N, &4
4 03 3733 86.62 0.83 i P 45 SR S AER A B B AR 25 1 SR 45 R S T
5 04 100,38 ARYE B i AR RS BT S5 R . SR E 2y
6 04 08.43 99.40 0.98 HLH2015 f—F i %F LA A F B8 RS DB B
PR VE Y R 48 oA F oo R R e vEAT
F 10 S HFOTERESR
Table 10 Determination of five elements in samples
B 4485 LR
Cu(mg/kg) As(mg/kg) Cd(mg/kg) Hg(mg/kg) Pb(mg/kg)
FRAE 20 2 0.3 0.2 5
ZH EN oA A A A A
AR 4.45 0.16 0.17 0.0014 0.57
2 5.06 0.068 0.20 0.0012 0.24
EHR3 4.47 0.18 0.074 0.0015 0.58
R4 5.51 0.11 0.26 0.0027 1.7
RS 3.13 0.033 0.16 0.00039 0.23
ARG 2.90 0.035 0.059 Akt 0.13
EAR T 5.36 0.081 0.18 0.00090 0.95
B8 3.83 0.064 0.25 0.00070 0.39
e 1 2.71 0.084 0.070 0.0016 0.25
e 2 2.93 0.018 0.061 0.00063 0.77
HELL 1 3.07 0.046 0.044 0.00047 0.049
HELL 2 2.76 0.019 0.033 0.0013 ARG H
Heil 3 1.64 AAG 0.064 0.00070 ARH
HELL 4 2.24 0.015 0.021 0.00089 0.031
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B4 B LA
Cu(mg/kg) As(mg/kg) Cd(mg/kg) Hg(mg/kg) Pb(mg/kg)
el 5 2.61 0.013 0.044 0.0019 0.034
e 6 458 0.10 0.013 0.0033 0.091
el 7 1.88 0.0032 0.15 0.0023 FAeH
el 8 4.07 0.0070 0.23 0.0013 0.012
el 9 232 KA H 0.045 0.00096 AR
R 1 1.15 0.0068 0.0040 0.00039 FeHr
fRE 2 2.11 0.011 0.0057 0.00083 Fe R
RA3 1.08 0.0081 0.0059 0.00069 EN oA
HRE 4 1.81 0.053 0.012 0.0027 0.052
fRE 5 1.36 0.047 0.010 0.0026 0.086
HE6 2.70 0.045 0.0094 0.0025 0.18
HhEET 2.83 0.047 0.0088 0.0020 0.19
fREE 8 1.87 0.075 0.048 0.0012 0.12
HRE9 1.66 0.028 0.026 0.0016 0.023
RE 10 1.28 0.010 0.0058 0.0017 EN ot
HRE 11 2.96 0.032 0.010 0.0020 0.16
1 1 1.96 0.029 0.013 0.0026 0.20
14 2 2.10 0.084 0.027 0.0022 0.31
it 3 1.89 0.039 0.020 0.00061 0.16
R TE 1 3.21 0.051 0.010 0.00028 0.029
2 3.12 0.15 0.016 0.00024 0.12
W3 3.09 0.067 0.017 Fewy 0.032
A 1.53 0.17 0.12 0.00057 0.15
W) 4.49 0.14 0.33 0.0035 0.067
#FL3 443 0.054 0.15 0.0015 0.065
MoK B U 1 2.95 0.0035 0.026 EN oA 0.012
WIS 2 5.35 0.0061 0.0079 FN oA 0.043
Mook B 3 4.56 0.0078 0.0078 0.00010 0.054
B 4 8.92 P ion 0.0064 Few 0.057
45 1 6.65 0.068 0.092 0.00073 0.50
Bk 2 6.96 0.61 0.14 0.014 22
675 3 1.82 0.055 0.27 0.00072 0.29
b 1.17 0.021 FeR FeA 0.013
A2 1.58 0.0068 Tk A K H
A3 1.55 0.013 0.0024 Fe A 0.029
HA1 5.20 0.033 12 0.0031 0.080
HE2 4.50 0.023 0.85 0.0039 0.023
HE3 455 0.023 1.0 0.0032 0.083
T 1 9.82 0.035 0.068 0.0014 Fe R
T2 115 0.048 0.063 0.0010 Fe R
HEF3 10.7 0.047 0.060 0.0048 0.015
B 3.73 0.0085 ER o A ER oA
P2 4.00 0.0059 AR KA 0.019
HU3 1.83 0.010 0.0039 Ik 0.024
FANE 1 5.23 0.019 0.0062 FA 0.40
AR/NEL 2 5.36 A 0.033 A EN o]
VANGA) 473 AR 0.0030 AR ARA
F/NT 4 5.44 FA 0.0034 0.00020 K
AR/INE S5 4.84 A H 0.0041 HAx A
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v 1 JLE AR
b 217 Cu(mg/kg) As(mg/kg) Cd(mg/kg) Hg(mg/kg) Pb(mg/kg)
IR 1 3.93 0.020 0.0082 A 0.17
TEHR A 2 438 FeAe 0.025 T A 0.099
JeAR A 3 432 0.50 0.0063 0.0021 0.18
itk 1 12.1 0.0078 HA Fe A K H
itk 2 10.5 0.0078 KA 0.00015 A
Kbk 3 13.2 0.010 HAGE FAG Fkr
ML T 1 5.99 0.036 0.046 0.00019 0.040
MifeF 2 5.28 0.051 0.051 0.00034 0.067
AT 3 5.12 0.030 0.048 Fere 0.050

FRE . Cd BOKEH Ry 67 HEWR, AR 4 Hhk, Hih Az &
LHEEH A 3 b, BRit 4 HER A, A< YR 56 i) 9 5
TEIEREMEEYN 5 FrESEEAEER, it
g5 M R K H IR S 14.79% 5 K H E IR
85.21% 3 B ity TH UK A% Rk 98.90% , HE U A 4% 3% Ny
94.52%
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3 g
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e, HEA K BRAR R & MEPELT, 4 B sy
i, T AR AE 5 FrocEE B W T IE 2R oK
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