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MS) method for the simultaneous determination of five dangerous elements (As, Cd, Cu, Hg, and Pb) in
Dahuoluo pills, and to systematically evaluate heavy metal residues and human exposure risks of preparations
from different manufacturers combined with multi-model health risk assessment system. Methods A total of
75 batches of Dahuoluo pills were pretreated by microwave digestion, and the contents of the five elements were
determined by ICP-MS. Box plots combined with Kruskal-Wallis tests were used to analyze the inter-
manufacturer differences in elemental distribution. Spearman's rank correlation analysis was performed to
explore the relationships between heavy metal contents and exposure indicators. Health risk assessment was
comprehensively conducted using hazard index (HI), margin of exposure (MOE), estimated daily intake (EDI),
target hazard quotient (THQ), and carcinogenic risk (CR) models. Results Except for Cu, significant
differences in heavy metal residues were observed among manufacturers (P < 0.05). Batches with extremely
excessive levels of As and Pb were detected, with maximum concentrations of 22.800 mg/kg and 59.800 mg/kg,
respectively, which far exceeded the limits specified in the Chinese Pharmacopoeia (2025 edition). Spearman
correlation analysis confirmed that heavy metal contents were significantly correlated with EDI, THQ, and MOE
indicators, verifying that higher residual levels correspond to greater exposure risks. As, Hg, and Pb were
identified as the primary risk elements. Manufacturer D exhibited multi-element contamination across multiple
batches, with the highest overall health risk. Conclusion The established ICP-MS method is sensitive and
accurate for the simultaneous determination of harmful elements in Dahuoluo pills. Serious heavy metal
exceedances were observed in preparations from some manufacturers. These products may pose potential
chronic health risks. It is suggested to improve the whole-process supervision system by strengthening screening

at the raw material source and finished product testing to reduce heavy metal exposure risks.
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BAENE (EEZECRHEARAR, it
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Table1. Sample information of lot number and manufacturer

GiREI

kA A~A;; 0 221102, 221101, 220502, 220505, 221206, 221104, 221201, 221103, 230202, 221202, 220604, 221204,

221205

kB B~B;s 220913, 220703, 220912, 220401, 220908, 20220830, 220801. 220603, 220911, 220905, 220704, 221002,

211205. 220308, 220110

VB01011, VBO1018A . VB01017, VB01022, VB01016, VBO1013, VB01023, VB01021, UB01006, VB01028,

VB01007. VB01012, VB01009. VB01019. VB01008

D D,~D,
A E  E~E,
N F F~F

221202, 220201, 220602, 221001, 221201

1~Fs 6330027, 5880003, 5880007, 5880005, 5880006
20221001 20230303, 20221101, 20230303, 20230301, 20220701

G G~Gq
flkH  H~H,  WJ22033, WJ22034
A I,~I, 20201160, 20201160
) J~), 6330025, 6330026
Al K K, 201001

2112122, 2112101, 2112102, 202210102, 202301112, 202210101, 202211108, 2112103, 2003118

2 FHEEHR

2.1 ICP-MSE&H

R FH 4 -SRI S R BT X 3R
R, BEESIR IR, SRR 1200 W,
WS AR H# K 6.0 Limin, 55 3h % 4% 3 R %
(20 r/min) . & (60 r/min) 2#Y4, FEALEEE N
50 C, RAEEWRE NS mm, HBAFHEN
1.10 L/min, #7545 0.70 L/min, 58 RS0
4 8.0 L/min, AR H K 6.0 L/min, JihH
J-21.0V, fEELIESREEHNT7.0V; WETR
KMARICEL : 43#ro6% Cd, Cu, As. Hg. Pb,

SR MNARIn, Ge. Ge. Bi, Bif47#IE
22 BREWFIE
221 BRAINRER

SRS % EEPh, Cd. As, Hg. Cu®c®H
PRV, FH 2% TSRV W R, TG L SFhoT
R RIHR BE 1) R FNTR A BRI
222 WNAFRER®R

K2 BN PRI AV RGE &, FHKH Rl %
1 mL& 1 pg IR SRR
223 BiXSmiEik

BURIG 4 IURES , i, 1 =50, K
BL0.5 g, ERVUG A = RO A RE b, g
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TN LT RF 2RI )T , F TH % B DI RE L e A
50 mL S, I BRI IEARE, DRI R
mHa I AR, I AuAREE T 200 wL, FIZK
ERESOmL, $£2), i10.45 pm fHFLIERE, BNfS
PRI
224 EHIER

R DU 60 2 0 o PR e T e, I AR R
W8 mL. WAME2 mL, WAIEY, EENK,
R T A e A [ T A R e A T AR s O
ff e, BUT T NEE, AR G208 i AdE 2
IRREZRR, B 2 50 mL i, D
IKVE I REE, YEROF AR, A0 AubrifER
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W, FKEAEZESOmL, #45], 24045 pmHfLIE
g, RIFS2S A
2.3 HEFEE
231 &KMHXZ

BURAXT IR, # “2.17 TR &4
A, DUSTCEMIEERE AR (X, ng/mL). 1Y
frll i RAE (3 USEE M) bR (V)
PATERAE RS, SR TREERIA R A
FE M, 452, Ph, Cd. As. Hg,
Cu SFHICETE T H LR T I N R R AT
232 KHRL5E MR

B EZS AR 2% IR IE W) 1% 220 32
VLR, W 8 3 A5 b v i 22 JT %o oz 1 e B8 A
K ICRACERR R, 05 (A 10 RAn i 22 Fir
Xof o7 R A R 45 0 2R A B e R, ARERE S
AR R T AE BRI B BB B T8 H A H B
R, SR,

FT2o KEXR, RHREEEMRER
Table 2. Results of linearity, limit of detection, and limit of quantitation

JLER [l =75 r LM (ng/mL) R (ng/mL) FER (ng/mL)
As Y=2.018X-1.306x107> 0.998 5 0.1~50 0.000 740 0.002 50
Cd Y=11.549X-4.151x107? 0.999 9 0.1~50 0.000 097 0.000 32
Cu Y=0.231X+1.708 0.996 6 0.1~100 0.002 200 0.007 30
Pb Y=1.616X+2.472 0.996 8 0.1~100 0.000 590 0.002 00
Hg Y=27.304X-1.811 0.999 9 0.1~20 0.002 800 0.009 20

2.3.3 WEEIRE

BUR A XIS (As. Cd, Cu. Pb, Hg
WePE 4 50 ng/mL), #% “2.17 IR ik dEE R
W E 6 W, 1515 8] 45 70 2 W K {E 1 RSD
1.019%~2.96% (n=6), FHLIHRHE R,
234 EHMXE

K% FREUA] — LR TR 4% AL (JiE5-. 220110)
HER S 6y, e “2.27 TR Bl AR, IF
F U217 WUR A, AR As, Cd.
Cu. Pb, Hgfy-F & & 53 %4 0735, 0.151,
5.222. 0.163. 1.606 mg/kg, RSD K 1.21%~3.09%
(n=6), RUNZITIEEZMERL
2.3.5 AT MR

]l — R s (it 220110), 439
TEIRFMUTICEO, 2. 4, 6. 8, 10, 12, 24h
JEdE 207 TR kbR e, THRAR IR TR
S RSD }91.02%~4.36% (n=8), FWIHLK M
TR 24 h MR e R AT

https://yxqy.whuznhmedj.com

2.3.6  AeAREDRCEX I
WEHITRETEAREL L (M5
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R KEFZNFOSHELERLEZLENELER (mgky, n=3)
Table 3. Determination of 5 elements in Dahuoluo pills (mg/kg, n=3)

Gt As Cd Cu Hg Pb Gt As Cd Cu Hg Pb
A, 0.246 0.116 4.520 — 1.300 Cn 0.204 0.095 4.280 0.022 0.561
Ay 0.289 0.131 4.830 — 4.340 Cn 0.227 0.088 3.960 0.079 0.672
As 0.247 0.129 4.410 0.086 3.190 Ci 0.342 0.117 3.560 0.451 0.883
A4 0.249 0.129 5.580 — 2.270 Cus 0.372 0.128 3.800 0.127 0.808
As 0.267 0.131 4.160 — 0.834 Cis 0.333 0.122 3.610 0.029 0.791
As 0.200 0.101 5.100 — 1.130 D, 22.800 0.078 3.500 1.870 1.380
As 0.240 0.119 4.270 — 1.340 D, 2.140 0.074 3.780 5.480 3.630
As 0.230 0.111 4.130 — 1.510 Ds 1.920 0.069 5.010 4.100 2.960
Ao 0.223 0.115 6.710 0.267 2.130 Ds 4.860 0.031 13.300 0.372 40.600
Ao 0.210 0.069 2.020 0.457 1.630 Ds 4.860 0.025 3.200 1.130 33.700
An 0.300 0.121 3.280 4.230 7.340 Ds 4.690 0.030 6.520 0.586 35.600
A 0.350 0.115 3.220 — 2.460 D, 6.020 0.034 4.980 1.220 32.700
A 0.370 0.137 3.700 — 0.985 Ds 2.810 0.078 2.770 7.640 2.250
B 0.450 0.149 5.990 0.023 1.940 Do 3.670 0.104 3.050 4.770 1.470
B, 0.530 0.142 6.200 — 5.390 E 0.177 0.112 4.840 0.222 0.700
B; 0.500 0.110 4.600 1.180 1.280 E, 0.279 0.092 4.920 0.350 0.711
B, 0.751 0.104 5.510 0.893 3.850 Es 0.296 0.062 1.800 0.858 3.490
Bs 0.520 0.145 6.850 — 0.007 E4 0.327 0.113 3.150 2.660 0.794
Bs 0.470 0.170 7.060 0.073 2.780 Es 0.234 0.108 3.300 0.243 0.699
Bs 0.400 0.126 9.100 0.080 1.630 F 0.277 0.096 4.320 0.092 0.871
Bs 0.465 0.121 6.630 0.449 8.430 F> 0.243 0.101 4.440 0.157 1.240
Bo 0.552 0.146 7.730 7.940 2.840 Fs 0.219 0.078 3.280 0.140 0.867
Bio 0.424 0.132 6.060 0.123 1.850 F4 0.161 0.020 2910 0.015 —
B 0.525 0.109 6.310 0.050 5.060 Fs 0.323 0.054 2.230 0.355 0.789
B 0.466 0.146 3.230 1.080 2.140 G 0.360 0.147 4.040 1.590 0.998
Bis 0.154 0.049 1.820 0.439 0.956 G2 0.442 0.111 3.480 0.146 20.600
B 0.572 0.104 4.720 0.056 0.930 Gs 0.433 0.116 4.310 0.968 2.110
Bis 0.738 0.152 5.240 0.164 1.610 Ga 0.606 0.059 11.800 — 16.000
Ci 0.264 0.111 4.100 0.082 0.869 Gs 0.389 0.064 2.810 0.580 0.918
C, 0.238 0.110 4.930 0.058 0.749 Ge 0.148 0.044 1.090 0.564 0.804
Cs 0.247 0.103 4.960 0.065 0.658 H, 0.264 0.096 4.200 0.092 0.936
Cq 0.227 0.098 5.000 0.053 5.390 H. 0.363 0.090 3.210 0.379 0.805
Cs 0.222 0.098 4.840 0.054 0.765 I 0.431 0.111 3.900 0.960 0.777
Cs 0.232 0.099 3.950 0.062 0.770 I 0.484 0.101 3.230 1.110 0.755
Cy 0.218 0.098 4.460 0.042 0.798 Ji 0.218 0.100 3.440 0.252 1.510
Cs 0.207 0.091 4.320 0.034 0.578 J 0.350 0.123 2.740 0.350 1.212
Co 0.173 0.079 3.330 0.020 0.425 Ky 0.511 0.063 1.620 0.311 59.800
Cio 0.215 0.097 4.340 0.071 0.582
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Figure 1. Analysis of compliance of Dahuoluo pills samples from different manufacturers
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Figure 2. Box plots of As, Cd, Cu,

Hg and Pb contents in Dahuoluo pills from different manufacturers
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HE#&E (exposure, Exp, wg/kg) HHEAZUT .

EF X ED X IR X C (1)
AT X W

A EF M BEFEIZE (exposure frequency,
R4 90 d 1) 5 ED B FE AR (exposure
duration, &E K 204F); IR AHNZ HERA &
(ingestion rate, g), FEMIZSFPEEH S AA G
7g; CHRIGLALHE G )R A FHIC R 1l & (4
(mg/kg); AT RF-H75amREL (averaging time, 1%
704 FF T R 25 550 d) 5 W AR 3 1k
(#2263 kgil) .

252 JBFWEA KRB RAAIFE

& #4840 (hazard index, HI) H1% & FR{A
(margin of exposure, MOE) 2t XU PEAl A& 22
HE RO TR, AT PRI AR fih S
VG A2 0 T T S U A A BRI, - 1,

Exp =

N il
_ Exp x 10
HI = HBGV 2)
BMDL
MOE_Eprlo (3)

Krh: 10 LZEFRE; Exp W H BB E (ng/
kg) , HBGV 4 fi ¢ 4§ 7 fH (health-based
guidance value) , ZH A EMARH LU F T4
HATMBMAIE L HKE 2 (Joint FAO/
WHO Expert Committee on Food Additives, JECFA)
5 & & % 42 )" (European Food Safety
Authority, EFSA) & fii B 5 B2 [ {5} & A ©F
gE O e, Hipad, W3R JECFA B2
Jil it 2% 4% A & (provisional tolerable weekly
intake, PTWI) #5388 H & Cu X JECFA
% 2 B H e K 3248 A& (provisional maximum
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tolerable daily intake, PMTDI), Cd. Hg. Cu [
HBGV KK M 0.8, 0.6, 500 wa/kg; BMDL hHLyE
FPFR{E (benchmark dose lower confidence limit) ,
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