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Determination and Risk Assessment of 17 Heavy Metals and Harmful Elements in
Wuhaiyingliu Pills
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Abstract: Objective To determine the residues of 17 heavy metals and harmful elements[lead (Pb) , cadmium(Cd) , arsenic (As) , mercury
(Hg) , copper(Cu) ,aluminum (A1) , cobalt(Co) , vanadium (V) , selenium(Se) , molybdenum(Mo) , chromium(Cr) , nickel (Ni) , iron(Fe) , antimony
(Sh),tin(Sn), lithium(Li) and barium(Ba)] in Wuhaiyingliu Pills,and to carry out the risk assessment. Methods After microwave di-
gestion, inductively coupled plasma mass spectrometry(ICP — MS) method was used to determine and analyze 17 heavy metals and harm-
ful elements in 15 batches of Wuhaiyingliu Pills. The dissolution rate of 17 heavy metals and harmful elements was determined by sim-
ulating the digestion process of the human body with artificial gastric juice. Results Seventeen heavy metals and harmful elements
showed a good linear relationship with the response value within their respective mass concentration range(r > 0.998 5),and the RSDs
of precision and repeatability tests were less than 5.0% (n=6). The recoveries of 17 heavy metals and harmful elements were in the
range of 89.90% -107.90% ,and the RSDs were less than 7% (n=9). Cd, Hg, Al,Se,Mo,Fe,Sh,Sn and Ba were not dissolved or not
detected, and other elements were dissolved. The hazard indexes of eight heavy metals and harmful elements were less than 1.
Conclusion Wuhaiyingliu Pills have no significant health risk in the absorption process of human body.
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1CP M HZ T EAMERR (I 5-A GSM - M231901 -
2013, BT ¥ B 100 pg/mL) , Hg B e W (AL 54
GSB 04 — 1750 — 2004, Ji7 & ¥ £ 4 1 000 pg/mL), Ge
FRUET W (54 GSB 04 — 1728 — 2004 , 5t & ¥ i N
1000 pg/mL) , 4 (In) bR eI it 52 GSB 04 - 1731 -
2004, JF 5 HEE A 1 000 pg/mL) , 8% (Bi) B 1 7% K
(#t5H GSB04 - 1719 = 2004, T 4 1000 wg/mL),
Bt (Se) bR UETE W (GSB 04 — 1750 — 2004, T & 1k i H
1000 pg/mL), Y06 A [ KA 04 J@ S L 7R RE 53 B il
B HL 5 1CP - MS I & I W (7 Co, Li, Ti, V, E[H
LA N F], R W R 10 pg/mL) 5 AR (I8 24l
Fisher 23 7)) ; 3h R | B & (WY WL s, W [ [ 254
P Ak 300 A R w15 b AR i (o sk iy 380 e 3K A 27 18 4%
WEFE AT, #1524 GBW 10020 < GSB — 11 > ) ; IR0 AL
(4l AL 3 15 41) .
2 FEEER
2.1 XFBBH

BB 1.5 kW 3 55 5 IR i« 15 L/ min; 35
S 0. 8 L/ min; i S & 0. 4 L/ min; ZAIRM & -
4 ~5 mL/min; BALFIRE 2 CFEHIRTHEZ 0. 31/5;
KFEVRPE - 8 mm,
2.2 RmEE

FRUETA TR 12K 23 8 I ICP 20 M F 22 00 EARE IR I
T, FH 2% A R R B R B 4 1,2,5,10, 20,
50,100 pg/ L B RIBRAEE I 1.

PRUET IR 245 % 1 He 500 3R AR iBoaE =,
2% Tirf BR s Ff I ot L e E O 0.2,0.4,0.8,2.0,4.0,
10.0,20. 0 pg/L [ RENBRUEE TR 2

INPRIAI KB L Ge, In, Bi,Sc bR WEE =, FH2%
BRI B B U R B 20 e/ L TR G AR

B S TCE TR ) (BURE S 0.3 ¢, K 2 K
FE B R VUSRS T R TE N RGBSR 10 mL, 5l
TR PY  Fe e 1 BRI TH A o T A 52 LS T T IS R
W, B A 1120 C R, fF A2 3 ~ 5 mL B 7
FFI, A B K PRV T AR E 3 WK, BRI, B 50 mL 25
S, KRR 2205 550 A s s 1 o T
IR N p = ST

£1 MEEBRER

Tab.1 Digestion procedure of microwave

He 3 B 18] (min) = E(C) A H e+ (min)
10 120 6
10 150 6
10 180 40

HER ST T (5 AR 3RO - BURE S 0. 3 o, K 3R
BRI LB W (U $h 2 16. 4 mL, 7K 800 mL
5EEAB 10 g, #85), I/KFBEAL 1000 mL, RIS )30 mL,
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Tab.2 Results of methodological investigations of 17 heavy metals and harmful elements
ik T, BB RER PAEEERE TLEKER BRERE Aot e ik (% )
(pe/L)  (pe/L) RSD(% ) RSD(%)  RSD(%) X RSD
Ph V=57.2x10°X+68.1x10" 1..000 0 0.389 1.167 2.81 1.11 2.11 102. 90 2.38
Cd Y=9.1x107X+4.3x10" 0.999 4 0.413 1.239 3.28 1.72 2. 86 95.70 .82
As  V=48.2x107X +53.3x10° 1.0000 0. 898 2. 694 2.13 1.24 1.38 93.20 3.60
Hg  V=40.8x107°X-10.4x10"" 0.999 3 0.787 2.361 3.44 2.92 4.51 101. 40 6.70
Cu  Y=0.4347X-0.489 1 0.9995 0. 665 1.995 1.69 0.71 2.22 95.30 1.40
Al ¥Y=25.0x10"X-0.1912 0.999 5 0. 506 1.518 1.12 0.52 2.76 97.30 1.50
Co  Y=0.6166X+0.3105 0.9990 0.248 0. 744 2.33 1.11 2. 14 96. 90 3. 80
Vo Y=0.6198X+0.4045 0.999 2 0.512 1.536 2.07 1.93 1. 88 90. 00 5.70
Se  Y=3.8x107X+2.4x10" 0.998 8 0.103 0.309 4.33 2.62 2.07 89.90 6.10
Mo  Y=0.2441X+0.1052 0.9985 0.113 0.339 2.10 1.12 1.86 91.20 2. 60
Cr Y=0.401 82X +0.401 4 1.0000 0.295 0.885 2.04 2.43 2.10 96.70 24.00
Ni Y=721x107°X-3.4x10" 0.999 8 1.096 3.288 1.63 1.34 1.13 95.10 4.40
Fe  Y=0.3893X+1.0460 0.999 1 3.873  11.619 1.44 0.89 2.62 96. 30 4.80
Sh ¥=0.8956X+2.5%x10"° 0.999 1 0. 898 2. 694 2.18 0.98 3.54 107.90 3.90
Sn Y=4.6x107X+4.4x10"" 0.9990 1.671 5.013 1.69 1.11 5.47 92.50 1.70
L V=52.8x107X-29.2x10"" 0.999 8 2.241 6.723 2.71 1. 86 2.32 101.70 3.20
Ba  Y=27.9x10°X+11.2x10"} 0.9995 3.075 9.225 1.93 3.57 2.12 91.35 3. 60
R3AREWRGHIGH ) WE LR Fxp = X ED XIR X C 2)
Tab.3 Determination results of standard materials(Citri Reticulatae AT X W
Folium) HI = EXEAX 10 3)
& Bl WEE | AE 2l WRH
b (9.7:0.9)x10°  9.0x10° || Se  (0.17£0.03)x10°  0.16x10° Hr, A R H RFEAE (pg/ke) s W oA ARFEY
G 0172000 %10 0.16x10° || Mo (0.20£0.00 %10 02010 BT (—fBHE 63 kg i) ;IR S H B KR (18 ¢) s AT
A (L1£0.D)x10  12x10° || o (L5:0.1D)x10 L9xi0¢ AFIEIFMRE(365 K /AE x 70 4F) s EF Sy 2 iR F AR
He (150200 x10” 165%10° || N L1x10° Losx10 F8(90 K /4F);ED h— A B2 #5 AR (20 4F) 510 &
Co (6.6£0.5)x10°  7.0x10° || Fe  (480£30)x10°  505x10° -, R EEH B2y pr S R A R
AL (0.115£0.010) x107 0.120x10° || Sb (0.20£0.06)x10°*  0.22x10° KT H A BB 10% . C JgkE 5 dh ot ZF 1k iE
Co (0.23£0.06)x10  0.25x10° || S (3.820.5)x10"  4.0x10°* (mg/kg) ZE R WL FE 6,77 W ,8 FhIC K HI{H N 0~
Voo (L16£0.13)x10°°  L24x10° || L (L0£0.1)x10°  L1x10° 0. 168, 3% BH 1 R0 L P75 A F2 B 1) 8 T 25 1k
Ba  (98:6)x10° 101 x10° e KU #5415
2.6 ESEEAESEREITE 3 i

RS PPAG L X6 7 A2 SR IBORS H 9 O 3, o 20
PEAT UL WAl o 2 7% [ B A 25 i T Y BR P  2
(ICH) Q3D {975 %", PDE Ny & H ALVF 2 i 1, TUig

AL H R KRR R 18 g, % AKX DR A &K
VR AR LK 6,

HRAAHFREZS =PDE/BRFZKRBAFNZ 1)

RS EAG T 2 B Crp 2 v AN P A % i ) 28 4
PR PEAG B AR TG S IE ) K SCHR[6 - 91, X6 T T i
S AL 8 A AR th A Jm M A H TR BBV %
SN 23 E HEAS (Exp) , AR 3B R GE
F& 8 (HI) o HI B AT i e rp 245 v 85 4 I8 e A 55 00 2 110 ik
FRIAUS: o HI < 1 Z27R i 2 v i 4 JAT 3 J0 R 1Al XL
B AT s HI > 1 o fge e AU 858 v, I 17 ARG S

VRN IR 25 W4 A B 22 Mg PR PR B I R i), AR 3 T i 2B
SIEY ORI , 4R M EooR i, R
A, AR A W HE R 2 2 PR - BT ICH 4857
JFE] Q3D JT &R s F 1 250K As,Cd, Hg,Pb
ST AR B P 5, BRI SAS T 2 R,
W AE KU PEAS Hh EATPEANY 5 24 28T I AE 2 T
AT REPEA X AL B TR, T XS A B AR AR AT XU
PEAR U0 Co, Ni, V2B 280 3 802 HAR T R AR HAE 24
fn R BEAY AT RE MR A /N JE K, U Cu, Ni, Sb, Sn, Se,
Li % Al,Cr,Fe,Ba %4 B ICR Z 74 77 i Lid fvp
gl A1 % % Ph, Cd, As, Hg, Cu, Al, Co, V,Se, Mo,
Cr,Ni,Fe,Sb,Sn,Li,Ba 17 FoC EA/FE HBFFERT 4
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R4 LHEBEBEAT VT HEERRAELENELRSENELR (ng/g, n=3)

Tab.4 Determination results of total content of 17 heavy metals and harmful elements in 15 batches of Wuhaiyingliu Pills(pg/g, n=3)

%5 Ph Cd As Hg Cu Al Co N Se Mo Cr Ni Fe Sh Sn Li Ba
1 1.25  0.53 32.63 0.08 11.2 nd 2,34 6.85 0.49 0.67 26.31 12.26 nd nd 0.51 14.3 1.25
2 1.34 0.53 33.85 0.08 12.1 nd 2,46 6.64 1.04 0.69 25.59 12.50 nd nd 0.51 4.2 1.34
3 1.62 0.53 32.60 0.07 11.8 nd 2.54  6.35 0.66 0.82 23.94 11.99 nd nd 0.5 13.79 1.62
4 1.62 0.53 32.64 0.07 11.81 nd 2.54 6.36 0.66 0.82 23.97 12.00 nd nd 0.50 13.81 1.62
5 .59 0.52 32.04 0.07 11.60 nd 2.50 6.24 0.65 0.81 23.53 11.78 nd nd 0.49 13.55 1.59
6 1.37  0.54 34.63 0.08 12.383 nd 2,52 6.79 1.06 0.71 26.18 12.79 nd nd 0.52 14.53 1.37
7 .26 0.53 32.88 0.08 11.29 nd 2,36 6.90 0.49 0.68 26.51 12.36 nd nd 0.51 14.41 1.26
8 1.29  0.55 33.65 0.08 11.55 nd 2,41 7.06 0.51 0.69 27.13 12.64 nd nd 0.53 14.75 1.29
9 1.65 0.70 43.17 0.11 14.82 nd 310 9.06 0.65 0.89 34.79 16.22 nd nd 0.67 18.92 1.65

10 1.64 0.69 42.73 0.10 14.67 nd 306 8.97 0.64 0.88 34.44 16.05 nd nd 0.67 18.72 1.64
11 .51 0.60 38.10 0.09 13.62 nd 2,77 7.47  1.17  0.78 28.81 14.07 nd nd 0.57 15.98 1.51
12 1.53  0.65 39.86 0.10 13.68 nd 2.86 837 0.60 0.82 32.13 14.98 nd nd 0.62 17.47 1.53
13 1.39  0.59 36.26 0.09 12.45 nd 2.60 7.61 0.54 0.74 29.23 13.62 nd nd 0.57 15.89 1.39
14 .58  0.52 31.75 0.07 11.49 nd 2.47 6.18 0.64 0.80 23.32 11.68 nd nd 0.49 13.43 1.58
15 .51 0.64 39.51 0.10 13.56 nd 2.83 830 0.59 0.81 31.85 14.85 nd nd 0.62 17.32 1.51
& ind Hy ol AR TAW R
Note:nd refers the measured value was less than the limit of detection.
x5 1LSHABEBAFIIHESEREELEZHERR x6 FERHUTEBHERAATEEENRARSERE
MELER (ng/g, n=3) Tab. 6 Maximum allowable daily exposure and maximum theoreti-
Tab.5 Determination results of 17 heavy metals and harmful calvalue of biomimetic dissolved elements

elements extracted by biomimetic extraction method from 15 batches of E EH ”a"?f(ug /g) PDE(ug /) ARKAHREE( e /g) HI
Wuhaiyingliu Pills(pg/g, n=3)

Ph 0.2 5 0 0.0290
%%  Pb As Cu Co Y Cr Ni Li As 2.4 15 1 0.1680
1015 217 0.61 0.29 0.08 0.32 0.14 0.05 Cu 0.7 3000 167 0.0003
2016 225 0.66 0.31 0.08 0.31 0.15 0.04 Co 0.3 50 3 0.0140
30020 217 0.64 0.32 0.08 0.29 0.14 0.04 v 0.1 100 6 0.0020
4020 217 0.64 0.32 008 0.29 0.14 0.04 o 0.3 11000 611 0.0000
5019 213 0.63 0.31 0.08 0.29 0.14 0.04 Ni 0.2 200 1 0.002 0
6 0.17 231 0.68 0.32 0.08 032 0.15 0.0 L 0.1 550 31 0.000 4
7015 219 0.62 0.30 0.08 0.32 0.14 0.05 - L i .
§ 0.16 224 0.63 0.30 0.09 033 0.15 0.05 H R R AU ip AR et Bl A T o 2k e liUs i
9 020 288 0.81 039 0.11 0.42 019 006 o AsBPIEET 2.4 mg/ kg, HI Jy 0. 168, K& W H
10 0.20 2.85 0.80 0.38 0.11 0.42 0.19 0.06 2 e AUBR /N
11018 2.5 0.74 035 0.09 0.35 0.16 0.0 Zi bR, T BUE AL R E KGR A
12019 265 075 0.36 0.10 0.39 0.17 0.06  JGZ 5% X, 76 R R e Mg o~ , H A 2y % 4]
13 0.17 241 068 033 0.09 0.35 0.16 0.05 15 F {25 MR 2h 21 i i 25 17 7™ 4% 25 i
14019 211 0.63 0.31 0.08 0.28 0.14 0.04 5 F USR5 0038 I b 2 0 KU T4
15 018 263 0.74 036 0.10 0.39 0.17 0.05 &z MG Em re:,

S & 3k
WHEW T SRR EANTERTHNE R REET  [1]1 WS -B-0036 -89, T A3 &HAr-fk - F 2 &5 %A (5% —
N L W o 2% e 50 58 W 55 B, B W R v, 25 #LS].
(9 1 P T R P R 2 28 B R AR TS T i (2 BEHAR RS P EARSAELR(—FOM]. A
. - NN 2 N & E A $ kA, 2020:218,307 - 308.
N O , YA [SSEN ;:l; H. b H
gﬁ.;[;ﬁjﬁéigﬁgggmi?EEXHbﬁﬁﬁmi% BIERHHERA . PREAREAE R (wH)[M]. L.

CIVARM ] o

SERE e i (i ot P B & 25 A0 AR, 2020:219,307 - 308.
15 HEFE G, As B S S E R 36 mg/ kg, a8 [4] ICH. Harmonized tripartite guideline Q3D: Guideline For
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