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H OE BN ERTEALAELFTLH(Cu) A (As) 48(Cd) R (Hg) 45 (Pb)F5MELBLENEE, ML LLRE, Fik:
VAL(UY) AR(WIn) AL (B M AR, R & B A4S B TR (ICP-MS) i) 8 & T & 69-4% . 3 E ICP-MS 49 514+ 4 F4L &
7% 0.95 L/min, #1 8) 20A % 1.2 L/min, 5§ & F 4R 4 (£ 4) A F 18 L/min, £ i 30 v/min; % & & &A% & TR0 5 4 1 200
W, BB A — 1 750 V, bR B8 R A 1300 V35K R & R 5 — 12V, 4 35 h B fe i ob UBER . *F &L FK 42
B RBATH ik F A, P 45 b E A AR HEATN T . 3B R E 42 (HD A AT F AR R RS BT AT, U ST
F R RIRE BML(MRL) s %% :Cu,As.Cd . Hg Pb i) Ji 2% & 25158 B 4 7] % 10~200,1~50.,0.4~30,0.2~6.2~100 pg/L,
r¥ R T0.999 0; % F R H] 4 0.67.0.23,0.20,0.07.0.27 pg/L, #ml F4%] %4 0.20,0.07.,0.06,0.02.,0.08 pg/L; #45% B AT &
A MR RSD ¥ F3.5% (n=6 3 n=>5) ;- F ¥ mAf w & H 92.96% ~100.89% ,RSD 4 2.23% ~3.62% (n=3), 45 A&
HJ % Cu,As.Cd Hg .Pb#)-F394F 5 %) 4 2.72.0.28.,0.07,0.05,0.62 mg/kg, &0 ZE 6 & mHI T 1, FRHIFSATLBLE
#) 4% 394K T L F 49 MRL(Cu,As.Cd . Hg.Pb # MRL %~ %] % 20.2.1.0.2.5 mg/kg & & 111.11,4.44.2.22 1.48.8.89 mg/kg) . 4k
B 7 5T B T A AP 5 A E o Bt 42, T & B F L EL &G RN, Z 2R,
KB &) TR AR F B TRk IR R KR G R B F 34

Content Analysis of 5 Kinds of Heavy Metal in Yougui Pills

LI Cunjin', XIE Ting*, ZHOU Yunfeng’, DENG Jichua’, WU Zhe’, HUANG Zhaoguang’ (1. The Fourth
Inspection Institute of Jiangxi Drug Inspector Center, Jiangxi Yichun 336000, China; 2. Science and Education
Department, Yichun Municipal People’s Hospital, Jiangxi Yichun 336000, China; 3. Drug Department, Yichun
Institute for Food and Drug Inspection, Jiangxi Yichun 336000, China)

ABSTRACT OBJECTIVE: To investigate the contents of 5 kinds of heavy metal as copper (Cu), arsenic (As), cadmium
(Cd), mercury (Hg) and lead (Pb) in Yougui pills, and to evaluate its safety risk. METHODS: Using yttrium (*Y), indium

(""In) and bismuth (*’bi) as internal standard, the contents of each element were determined by ICP-MS. ICP-MS condition
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included that atomization gas flow rate was 0.95 L/min, auxiliary gas flow rate was 1.2 L/min, plasma gas (argon) flow rate was 18
L/min, pump speed was 30 r/min. RF power of inductively coupled plasma was 1 200 W, the voltage in simulation stage was 1 750
V, the voltage in pulse stage was 1 300 V, the voltage of deflection device was —12 V, and the detector was in analog and pulse
dual-mode. The determination methods of various elements were investigated, and 45 batches of marketed Yougui pills were
determined. Hazard index (HI) was used to analyze the non-carcinogenic risk of each element and calculate the maximum residual
limit (MRL) of each element. RESULTS: The linear range of Cu, As, Cd, Hg and Pb ranged from 10-200, 1-50, 0.4-30, 0.2-6
and 2-100 pg/L (all »>0.999 0), respectively. The limits of quantitation were 0.67, 0.23, 0.20, 0.07, 0.27 pg/L. The limits of
detection were 0.20, 0.07, 0.06, 0.02, 0.08 pg/L. RSDs of precision, stability and reproducibility tests were all lower than 3.5%
(n=6 or n=5). Average recoveries were 92.96%-100.89% (RSD=2.23%-3.62% , n=3). Average contents of Cu, As, Cd, Hg
and Pb in 45 batches of Yougui pills were 2.72, 0.28, 0.07, 0.05, 0.62 mg/kg, and superimposed HI of each element was less than 1.
The contents of 5 kinds of heavy metals in Yougui pills were lower than the proposed MRL (MRL of Cu, As, Cd, Hg and Pb
were 20, 2, 1, 0.2, 5 mg/kg or 111.11, 4.44, 2.22, 1.48, 8.89 mg/kg respectively). CONCLUSIONS: Established method can be

used for the determination of content of 5 kinds of heavy metal in Yougui pills; the heavy metal pollution rate of marketed Yougui

pills is low and the safety risk is small.

KEYWORDS Yougui pills; Heavy metals; ICP-MS; Limit; Maximum residual limit; Hazard index
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HEE A, DT 5 B XURR . R, A S 2R T
B A AL 4 Jm T R MR B A I LR AT XU B
fili o FEF UL, AW 58 P58 57 P JBRE  5F B TR
(ICP-MS) ¥ € £ I HLH Cu  As .Cd . Hg . Pb 1 & 1, -
Xof HE AU HEA T VPAG , Ay v 24 52 0 500 22 A ) PPAN 41
2%,
1 #e
1.1 FEEE

AHIFF {6 FH %) 5 ZAU#545 NexION 350D I ICP-MS
X (£ [H PerkinElmer 23 #] ) \MARS 6 240/50 T {5k 31 it
X (ZEE CEM A H]) o
1.2 FEHBSIKFA

CubRifER T (L5 19C019-1, Bk 1 000 mg/L) .
As AREY) T (35 B1903035, JiifH H & 1 000 mg/L) .Cd
FRUEY) T (L5 19C021-1, R 1 000 mg/L) \Hg b
#EY) 5T (it B1810088,, i it ¥k i 1 000 mg/L) . Pb hrif:
Yy (Hik B1912122, & 1 000 mg/L) #k I Fix
S5 TG B e A B 23 | 5 48 (Bi) VK (Ho) (A (In) 4
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10 mg/L) 4 (Aw) bRl (5T v B>l 1 000 mg/L, i 51)
h 10% HCL) ¥ [ 5 [ PerkinElmer 23 w5 FAR - 5G4
Iy HTAREY 5 (315 GBW 10020, Hirf Cu,As . Cd \Hg .Pb
fRIAR /R E 23 54 6.60,1.10,0.17.,0.15.,9.70 mg/kg) I
F ]t S5 R 2 B 1 B ) B vt B A 2 B8 0 5T T 5 i IR
(PEgat) W 3 KRG A B A5 K O i R 78
K

A7 A U i 3 45 41t , e 43 b f A HRUC R VT
PEIWL VEAR . BB AN PE S 4 BN DA R
SR g B 2 A UL AW T AR R A s
8 PG il 245 A0 A BRZA 7 GE AT K A7) bt [l 4
AR AT BR A FI R 25 GEh TR B”) . A#F5EH
AT S /INEE SURRE L 2 A db b, /N AL RLAS
FEIL0.18 g, KEALAIMAE A REALY g 45 HAT I ALKE S
PRIRAS B 1,
2 AEEHER
2.1 BiEHHIE
2.1.1 IRAWERE WS RISy L, BT
[Fi] — St L 0 10 % il R A B, 43 S % Cu 10,20,
50,100,200 pg/L,As 1.5.10.30.50 pg/L,Cd 0.4.5.10,
15.30 pg/L,Hg 0.2.0.5.1.4.6 pg/L,Pb 2.4.8.20,100
ng/L 1) 5 A6 BEVR G AR VR
2.1.2 LA UK SR BT A, SRS FRIEY
0.5 g, B TR VUG LM T FREE D, NG IR 10 mL, # & 12
h 5 PEAT T MR . 5 RETH MR FE T 400 3B B (T h
290~1 800 W) : 55 1 BB A FHE BT EL, A 0~20 min Ff 2
190 °C; 55 2 BB AR B, 7£ 190 “CAR%F20~40 min;
5 3 B BRI BB, [ 2 60 CCRIAT . Wi ¥
TH MW 5% 7% 28 50 mL s, 7K 22 W00 VE T e e, v
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Tab 1 Source information of 45 batches of Yougui pills

B ween we e rz™ omese ows ww oz
#5 5

PI2020YABOI9I 190903 /ML
P020YABOI92 191204  /NEEHL
PI2020YABOL93 191207 /NEAL
PJ2020YBAOOS6 190503 /ML

| 24 PJO20YFEO003 190703 /MNEAL
2

3

4

5 PRO0YBAOOST 190703 /MEAL

6

7

8

9

25 PJ2020YFIO009 190903  /MEHL
2 PRO20YEMOOO9 181205  /NEAL
27 PRO20YFMOOI0 19070102 KEHL
28 PRO2OYGAOI9 190903 /MR
29 PR020YGAOI99 190302 /DAL
30 PJ020YHA000T 190501  /MNEAL
31 PRO2OYHAOOT0 191207  /MNEAL
3 PRO20YVIY0078 190503/
33 PO20VIY0095 190903
34 PR020YJYOI84 19013015 KEH

A
A

A

B

A

P2020YBAOOTS 190502 /NEAL A
A

A

A

A

B

35 PRO20YKAOOS4 190503  MERL A
A

A

A

A

A

A

A

A

B

B

PJ2020YBAO249 190302 /NEAL

PJ2020YBAO266 191204 /ML

PJ2020YCE0003 190903 /ML
10 PJ020YCEO00S 190703 /B
11 PJ2020YCHO0020 190502  /hEAL
12 PR020YCJ0012 190302 /hEAL
13 PRO20YCQU0I4 191204 /NEAL
14 PRO20YDAO3L 190703  /hEA
15 PJ2020YDAORST 19013220 /NEAL
16 P2020YDAO302 191207 /NEAL
17 PRO20YDAOMS 191204 /B
18 PJ2020YEBOOOS 190302  /hEAL
19 PRO20YEBOIIS 190903  /NEHL
20 PROOYEBOIZS 181205 /MNEAL
21 PROOYEBOIZ4 190503 /MNEAL
22 P020YEB0227 190703  MEAL
23 PRO20YFAOOTS 190302  /NEHL
WA AR, SR Au JG TR (B Au AR i RGE
KRR 1 png/mL)200 uL, /KB 2 205 5],
L7 000 r/min .0 10 min, B3, BIASBEA R
2.1.3  NFREE BCUL27IUR AR GG i, KRR
FEASTC R Y B EER N 10 ng/L, BTG
2.14 AW VIR ST fRRE A E2 10 mL,
P 2127 WU vk HCHE 12 h R TN R i
VEEARIN Au TR WO Wil 1325 VI
2.2 ICP-MS#:ill &4

KT AL B RAETRE 2 0.50 mm, 223 4 30 r/min; 55
AR 0.95 L/min, H BSR4 1.2 L/min, 55 25
AR P 18 L/min, 2234 30 r/min; HUBHE 5
BT IRFHRT H 1 200 W ALABIB BE L ey — 1 750
Vi KB R 1300 Vsl B LR — 12 Vi i
025 A RADUR K oS s F A Standard (B 5
K R AR O BRI, B A B 3 Uk A5 R I ) S
50 ms, BB A 1 000 ms. MHARTEROTER R R+
JERI 355, Cu As K LL Y AR, CA RGN L o In
JIFR, He (P K0 2L *“Bi A A FR

B2 L1700 F RANRAPRIER I, A “2.1.3" R
ARV IR, SR 5 44 “2.27 T ICP-MS 2 (EEFERS I, i
AR S MR o DA RRI T2 Y BT i W B (x, pg/L)
BEAR AR 25 B U T 2R 55 0 I PR e 02 {8 %) B AEL () 90

36 PJ2020YKAOOS3 190703 /MNEAL
37 PJO20YKAOI4S 190502 /MNEAL
38 PJ020YKAO2I3 191101 /MERL
39 PR020YLBOOSS 190903  /MEAL
40 PRO0YZOLI4 191204 DEAL
41 PRO0YZOS 191207 ERL
4 PROYZO264 200305 DEAL
43 P020YZ0306 190903 /AL
4 Al 19013221 REA
5 Al 18013765 KHA

= === e == = ===
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ARBRHEATERAE RN . S5 R B, AR T R T R
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Tab 2 Regression equation and linear range of 5

kinds of heavy metal in Yougui pills

JiE (Bl r LI, pg/L
Cu y=0.002x+0.014 1 0.999 4 10~200

As y=0.000 3x+0.000 03 0.999 5 1~50

Cd $=0.000 5x+0.000 009 0.999 3 0.4~30

Hg y=0.000 6x—0.000 01 0.999 1 02~6

Pb »=0.007 7x+0.003 6 0.999 4 2~100

2.4 KiNRFESREZE

B2 1,47 I0F 25 VI, 152,27 TUR ICP-MS 254
HERERTIN 10 IR, LSRR S AE . A G R[5 M N {E
() 3 s b o Qi 25 XTIy %) ot s Vi FEE AR A Al R, A& 0 R
55 M IO (L1 1O A2 s v fhd 25 X I Py Jo kB Dy o it
B S5 EIR, 5 FOTER MR IIER > 0.02~0.20 pug/L &
PR} 0.07~0.67 pg/L, W 3,
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Tab 3 Detection limit and quantitation limit of 5

kinds of heavy metal in Yougui pills

JE HRllII, pg/L ERE, pg/L
Cu 020 067
As 007 02
cd 0.06 020
Hg 002 007
Ph 0.08 027

2.5 RBEEIRE

21173 MR A AR ER I (Cu As .Cd \Hg .Pb 1)
JB R R BE 4351 9A 100,30, 154,20 pg/L) , #“2.2" T
ICP-MS S5 PSRRI AE 6 1K, 10 A5 SN . 255
WR, 5 MO EAE S WA RSD<1.5% (n=6) , £ ]
IR B A
2.6 EEMHIAE

4% FR ] — A i (AR 25 PI2020YCQO014)
0.5 g, 3L 645, 23 BT “2.1.2" T Jr ikl a5 ik A A
SRIGHE“2.2" B ICP-MS Z AR il s Ao R 1)
fE 5 AA, IR NPRI TR A TR & . 458
WK, 5 RICE SR RSD<2.6% (n=6), £ MW JrikE
MR
2.7 FEEMILE

B ] —HEAE 5 (RS- PI2020YCQ0014) £ 0.5 g,
Fi£“2.1.27 0T Jy il A sl s, SR A A T E TR T
BCE 0,0.5.1,2.3 h % “2.27 3 F ICP-MS 454 L
ISR TR G SN . 2550 R, 5 TR ES
i o7 {EL ) RSD<<3.2% (n=5) , & B3 5 7 T 7E == Ui
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TFHCE 3 h SRR EE R AT
2.8 fniEE RN

F 4% FRICE 105 12 0 R i (CRIERE 45 PI2020Y CQ-
0014)250.5 g, 294y, 73 A& T R VUFR £ e b
SR B IR G PR ER I (Cu . As .Cd . Hg \Pb it it
HeJE 435120 10.2.5.2.5.500,2 mg/L, #%“2.2.1" Wi F J5 ik
il £5)0.1,0.2,0.4 mL, BAMABS 30y, SR )5 43 Bl 4%
“2.1.2 IR TR AR H R 3 2 B R VR R (]
WO WL, T4 “2.27 TR ICP-MS S5 F HEREIN A | 10 545
S N AE A TR IR ISR . S5 B OR 5
TLE G DU P~ X FIAE [T e 325k 92.96 % ~100.89 % ,RSD
H2.23%~3.62% (n=3) , R 5 I A WERR BE 20T, T DL
4,
2.9 JiERRISEMHIGIE

FREUH A I A3 3 BT e 51 24 0.5 g, BT 3R DU 3R
G THfRREDY , INASMR 10 mL, #5“2.1.2" W F Jy i H “H%
B 12 h S AT 7R A8 A R, 7
Fi“2.27 BUF ICP-MS S5 UEREIN R |, 10 SRAF 5 i o (B 5
N PRI S & R 5 & ICR bR T I
XFo SRR, &R M EE SR EREW 5,3
TEFRZSAE R AT TE I Y, R BIAS 5 i 0wl 45 B B, 1
W5,
2.10 AFAHRPSHMELETZMNSENE

B AB HEAT U AURE S, 23 e B 2. 1,27 300 F Dy il &
HEL S T L SR F IR <2.27 TR ICP-MS 4% 14 E R )
L ICSAG S W R A, R NAR LIRS . BHERE AL
SEATINE 2 0 B G5 3 BoR 45 b4 A ALEE S
Cu B 54 2.06~3.23 me/kg, V-2 & i 2.72 meg/ke;
As 554 0.19~0.40 mg/kg, 445 2 4 0.28 mg/kg;
Cd 18 4 0.05~0.23 mg/kg, F1 &1 4 0.07 mg/kg;
Hg ) & &5~ 0.01~0.21 mg/kg, 344 0.05 mg/kg;
Pb #5514 0.44~0.85 mg/kg, -4 & 1 4 0.62 mg/kg.
AL UL, R T & U R IS I RUIL, YIRF G 2020 4 M
FEI 25 00 (DU ) (FTRR 253 PUER ) X2k i h 42
(Pb AN 153t 5 mg/kg, Cd A151d 1 mg/kg, As A 151 2
mg/kg, Hg AN153 0.2 mg/kg, Cu AN153 20 me/kg) IR &=
BORU, VAL S A E AR TR A S I E A R LA 6,
2.11 BANRVFAKXEEERE

A G 24 mh SR A e B e A KU T
AR T JFI) | R A £ 35 48 50 (HD X3 AAT VALY
(R RR XU R T 1A < 25 HISS L, BB rp 2y h B 4 8 e 3
TCZE O R XU B0 5 5 HI > 1, 22 B v 28 1y i o JXUIS: 17
TUASHE", HHEAL R,

EXp:EFXEdXIRXC/(ATXW) ..................... (1)
HI:Eprl()/HBGV ................................. (2)
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Tab 4 Results of recovery tests of 5 elements in You-

gui pills
% kR, E&Wﬁ AR, WS, }Jﬂﬁ‘c[ﬁlﬂi ”?faJJﬂﬁlﬁl RSD,
g &pgl  pgl pg/l % e, % %
Cu 05032 28.682 4 20 49.1724 102.45 100.89 233
05108 29.1156 20 49.193 6 100.39
0.5002 285114 20 484634 99.76
0503 1 286767 40 70.5327 104.64
0.504 8 28.773 6 40 67.6256 97.13
05214 297198 40 70.075 8 100.89
05136 292752 80 108.1232 98.56
0.5049 287193 80 109.3233 100.68
05087 289959 80 1117719 103.47
Cd 05032 1.4090 5 6.1420 94.66 95.87 327
05108 14302 5 59122 89.64
05002 1.400 6 5 63176 98.34
0503 1 14087 10 113237 99.15
0.504 8 14134 10 10.6724 92.59
05214 14599 10 11.0469 95.87
05136 14381 20 20944 1 97.53
0.504 9 14137 20 21,1497 98.68
0.508 7 14244 20 206924 96.34
As 05032 22141 5 6.636 6 88.45 92.96 3.16
05108 22475 5 6.864 5 92.34
0.5002 22009 5 60.0844 89.67
0503 1 22136 10 11.761 6 95.48
0.504 8 22211 10 117951 95.74
05214 22942 10 113562 90.62
05136 22598 20 21.6218 96.81
05049 22216 20 211596 94.69
05087 22383 20 20.8043 92.83
Hg 05032 05032 1 14573 9541 95.63 233
05108 05108 1 1483 6 97.28
0.5002 05002 1 14245 9243
05031 0503 1 2 23915 9442
05048 0.504 8 2 23718 93.35
05214 05214 2 24948 98.67
05136 05136 4 44288 97.88
0.5049 05049 4 43733 96.71
05087 0.508 7 4 42895 94.52
Pb 05032 44282 4 83702 98.55 100.31 3.62
05108 44950 4 85538 101.47
05002 44018 4 8.5962 104.86
0503 1 44273 8 123281 98.76
0.504 8 44422 8 123886 99.33
05214 45883 8 121315 94.29

05136 45197 16 210781 103.49
0.5049 44431 16 19.9919 97.18
0.5087 44766 16 212558 104.87

®5 FTERYAT RIS R (mg/kg)
Tab 5 Verification result of method reliability (mg/kg)

TE i AR S
Cu 6.60 £050 702
s 110 £00 093
Cd 017 £002 0.19
Ph 9.70 £090 9.2
Hg 0.5 £002 011
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#6 APAPIMEEELTEMNEENESER (ng/kg,
n=2)
Tab 6 Results of content determination of 5 heavy
metals in Yougui pills(mg/kg,n=2)

BIBFS G A G4 Hg P || BEFS Co As G Hg o Pb
1 270027 005 004 074 || 4 28 031 009 004 06
2 200 023 006 004 044 | 25 295027 007 006 080
3 280 036 006 005 045 || 26 280 032 006 016 059
4 294033 006 005 05227 24025 007 004 065
5 300 038 006 005 063 | 28 23020 006 004 080
6 277024 006 004 052 29 291 024 006 004 074
7 280021 008 005 066 || 30 260 024 005 004 049
8 264022 007 004 044 || 31 2037 006 007 050
9 270039 006 007 078 || 32 270 036 006 005 053
10 270021 009 006 054 || 33 265 026 006 004 078
11 291 037 005 004 058 34 206 028 005 001 078
1 280026 006 004 063 || 35 267 033 006 005 05
13 285 022 004 005 044 || 36 33040 006 005 065
14 248025 000 004 054 || 37 274021 006 004 048
15 223025 006 001 082 || 38 200027 005 004 048
16 290039 006 005 07339 276029 005 005 085
17 268 021 008 004 047 || 40 267 020 008 006 048
18 296 030 006 004 070 || 4l 287039 006 005 049
19 260 029 008 005 079 | 42 260 019 010 005 055
2 280020 010 021 066 || 43 268 029 005 004 074
2l 268 009 000 006 055 || 44 210020 008 001 078
2 278028 006 004 057 || 45 28030 023 002 081
3 28 024 006 004 065

K (1), Exp M ICEM H Y5 EE 0, 500 pg/kg;
EF N P25 (R B8 405, 9 90 /AR Bd g A\ — A= iR
HZGAERR , oA 20 4EM TR SRy Hh 2545 H R 2 , AR 4l LA
25 E R, BN g C R 2R R T 4R O
B T AN A, X SR — 245 0 i o 0 A A XUy 44 T A
IF, R AR 5 i 0 P R 5 AT I A 5
AR BN M A F 4 70 511845 1 AT=25 550 d'™; W
RN T, AR BRI E L 60 ke i, JLE T
AT B i [ bR bR o 32.7 kg 1Y, R (2) 1, 10 424 A
T, FOREEH B A2y S B T 4 e M
LR MR ART H B2 (EEEY AR K ®
10% ;HBGV N H 4x @ S A FH TR Il Feds 8 (pg/kg)
HRF B A R R £ S A b A 2/ 3 T A 1 24 S s )
A E R % 22 (JECFA) & A 0 5 T sa (A B i 4 H wf
Wz E 4 AR, Pb.Cd. As.Cu. Hg ) HBGV 43|
$73.6.0.83.2.1.50.0.57 pg/kg!®~",

iz LRSI R R), 252 A AR A A
JL, HH Pb.Cd . As.Cu Hg %5 5 FIEE 4 J& JU 2 & il HI
9 0.174(<1); #2LE M A AT H AL, 1 Pb.Cd. As.
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