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Safety evaluation,residual heavy metals and valence states analysis of mercury in
Wulihuichun Pills
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Abstract: Objective To investigate the residual levels of heavy metals and the forms and valence states of mercury in Wulihuichun
Pills, and to evaluate their safety in relation to usage and dosage. Methods By using inductively coupled plasma mass spectrometry
(ICP-MS) method, lead (Pb), cadmium (Cd) , arsenic (As), mercury (Hg), and copper (Cu) 5 heavy metals and harmful
elements were determined and the residue levels were analyzed. High-performance liquid chromatography coupled with ICP-MS
(HPLC-ICP-MS) was employed to analyze the valence states of mercury, including Hg”", methylmercury, and ethylmercury.
Results According to the Acceptable Daily Intake (ADI) standards set by the World Health Organization (WHO) , only the total
mercury content of 7 batches of samples far exceeded the limit, and the other elements met the limit requirements. HPLC-ICP-MS
detection showed that the Hg"" content of the sample was 5.14 to 23.11 pg+g ' and no MeHg or EtHg was detected. Based on the
standards for Hg”" under the “cinnabar” item in the 2025 edition of the Chinese Pharmacopoeia. combined with prescription quantity
conversion , it is proposed that the Hg”" content in Wujihuichun Pills should be calculated as mercury (Hg) ., not exceeding 59 pgeg '» and
no MeHg or EtHg should be detected. All 7 batches of samples met this proposed limits. Conclusion The residual risk of heavy
metals and harmful elements in Wulihuichun Pills is relatively low. This study clarified the form and valence of mercury elements and
formulated relevant limit standards, which can provide a reference for its clinical safety medication research.

Key words: Wulihuichun Pills; heavy metal residue; high-performance liquid chromatography coupled with inductively coupled

plasma mass spectrometry (HPLC-ICP-MS); mercury valence state; safety evaluation
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555 20 W, AU 55 PR | v O R LR A I, TE 4
J& LA FICRM BRI H o b2 R R AR K R
SIRZA=E 78U NI I YN S I ve N L N N )
TR EH WAL AFAERT(PD) F(CD i (As) oK
(Hg) S (Cw 55T 4 &8 KA T 2 ARG WU >

WE & v 2 I pn AL 5 AR R R A R M
A FICR ML A VETEO T 24 i) 570 5 4 1 Y
KRR o TORL LA LB HI 259, i IR T 24
LEVERE . BEEAAFETRSEANRNE
BLCEA WS RENE, R A SR EILEM S
ARG WA KA T SN, 5 2 SR 24 i
3 TR S5 M3 B e F R ek o
KAz Wy 2E s, I8 F oot RO AR & 1Y 3 22 S
BFE S LIORITE R, B LK (methylmercury,
MeHg) . Z 3£ 5K Cethylmercury, EtHg) B9 B 14 # 55 , i
WAL R S TEHLR B T PE AR SO A JE 7 R AR
2H 2% [ B 95 S B S LA 2 MeHg 91 S B0 ), B
B T ICRIB A S T AE T 2 KU A o (g L
W, I JR FORL Rl AL G B AR B MR TR SN
O3 AT AT S IR 244 4 XU B A T A

A5 R FH LR 5 25 B 1 1A B3 12 (inductively
coupled plasma mass spectrometry, ICP-MS) | i€ H.
FiEF I Pb.Cd As Hg .Cu 5FhE 4 8 A E L E
1 5% B R 5 O i SO A 8 R T O S S
F & 3% 15 (high performance liquid chromatography
coupled with inductively coupled plasma mass spectrometry ,
HPLC-ICP-MS)B A H 7 P58, 73 B Hg' \MeHg
EtHg 3okt R L& 50 B FIE, 455 & H 2 iF
P T R 22 A U DAL, S ToORE [ 38 hL A9 1l IR
4 oj FH 2 He AR 4l
1 EE5EKH
1.1 B%E

Agilent 1260 #1528 WA 435 42 (2 [ Agilent 24
A ) 37900 B9 ICP-MS (3£ [H Agilent 23 7] ) ; MARS #!
BB IH AL G CEM 2 R EHD-40 BUEE R X (b
HUAR O RS A AT R 2 WD) s XPE205 B 4y 2 —
HL - K OF o b g 45 8 - 48 A 2 2 7)) 5 Mili-Q
Advantage A 10 B 4l 7K 5 48 (3£ [ Millipore A #)) .
1.2 K%

Pb.Cd.As . Hg.CuZ L R IR & 5 HE I W (it 5
610014-201701, Jor & % & 4 %) 4 198.7. 10.0,
103.2.10.0.1 007. 5 pg-mL ", fv[E £ 5 25 5 4 E
FEBE) s Bi.Ge . In 2 J0 R AR i ) (4L 23D71332,
JoT Y FE ¥ Ry 100 pgemL ), Au B IT R bR R

(Hit*5- 2320012, BT W B 2 1 000 pg-mL~") \Hg" #5
T W (HE 5 245032-3, i B 1 000 pg-mL™ D),
s sl S WES I SR g e A S ol % TR W TS
MeHg EtHg i & b5 1 I (L5 2416348, it 5 v &
101000 pg-mL ", b1 22 35 3t FR ok B R IR 55 A7
B2 WD s WS R (ACS 2%, 1 [ 8K 58 /A W) ) 5 7K b 4l
K NT. B S C17688075, i 4 vo bk (LRl 4
Bty A BR A w1 s N T (Hib*5 C17897265, 11 2%
v M LR H B A A R D 5 HORL IR AR L (g AR
N S1~S7,BEPT SR B 25k A BRAFD .

2 HEEER

2.1 Pb.Cd.As.Hg.CusZ#yn &

2.1.1 ICP-MSMERM S FAKI%4 1500 W
HAWE N 0.9 Lomin™ [ 4MEME N 0. 25 Lomin ™ ';
WG Eh R HE 4 R 0. 1 res IR IOT i i S8 : Pb 208,
As 75.Cd 114 \Hg 202 ,Cu 63, NFrJC ZVLFL . Pb Hg
PLBih A% As Cu bk Ge A F5 , Cd LA In 2 A% .
TR T AR Y IR A E T 10 min FHE E 120 °CL £
#5 10 min; 5 min JHi & 160 °C, 445 10 min; 5 min J+
2 180 °C A5 45 30 min, 2 FEIIFE K 1 600 W,
2.1.2 RAWMEFWROH S HHERPb.C.
As Hg .CuZ L RIBGHRER W 1 mL, # T 100 mL
A M ARBUN S Y SR A BB PR,
3 Pb.Cd.As . Hg. Cu 5t & ¥ #1987 100,
1032.100,10 075 ng-mL AR & bR TAEW
2.1.3 WHNARIER K Aun RAREE RN El & 4
Bl Ge. In Z L R AR MER RS & , B T 100 mL
S KRR R 2 2B HR AT S Bl Ge (In i &
W R 1 pg-mL AR A N AR W R % = B Au
HIL R bR ER S &, 8 T 100 mL &, AR
G3HS Y0 TS R RS 2 2 BE LB S A BT R R B R
1 pg-mL PR IER I

2.1.4 MOl REWNE A BAGB KA 0.5 g,
K% FROE BT I M RE B, AR R 10 mL, % IR
2.1 Y IUT (OO R Y AT I R . MRS A S
R E R WO R RE L 120 CCHE IR & R 4 WA
291 mL, ¥ % B % 50 mL B P, A
afi K PR R TE 3, BT VR B A, A Au bR
WEVR W (1 pgemL 200 pl, H K # B 2 %0 4%
5], 220,22 pm BLFL VB RS T 08, BR 22 UE R, RIS K
TR | N 17 1 o W R & A

2.1.5 ik

2.1.5.1 &M XAMNEE HKEREIRGET
YEW 0.2.0.5.1.2.5.10 mL, 4> % & T 100 mL & i
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o AR 3 05 06 T BR A e 2 220 B8 (5 20, B ol &R 51
B BE AR TR, LA R0 B 506 B IR A 45 M IR (B
MEMA T D UHILRKBMESHS N LRS
PG AR 5 (EL A O AR O DN AR B Cy ) L o o 52 O A o
F1 LMTR.AHRMERR

(), 2 b o il 2, 45 30 805 D7 F O AH G 2R BIOR 26 1
TR, LN E A IR 1R, S S b v R 2
(0, Lh 30108 X 7 1y ot £ e B2 43 il 4 Ry ASCARs 18 A 14
B E B, WL 1.

Tab. 1 Results of linear ranges, limits of detection and limits of quantitation

JLER ml )= Jr 72 LA/ (ng-mL ) r PR/ (ng-mL")  E#R/(ng-mL ")
Pb y=0.015 22,—0.002 8 0~198.7 0.998 8 0.003 0.010
Cd y,=0. 010 32,—0. 000 04 0~10.0 1.000 0 0.003 0.010
As v;=0.016x;—0. 000 24 0~103. 2 1.000 O 0.021 0.070
Hg ¥,=0.003 52,—0.001 8 0~10.0 0.996 1 0.021 0.070
Cu y:=0.211 92;—0.219 8 0~1007.5 0.999 8 0.021 0.070

2.1.5.2 AEHELE HUE R G AR TR, 4%
W2 L 1T RS 6K i k& TR Y
{8, 11815 Pb.Cd. As Hg. Cu {5 5 {8 A X br i fi 22
(relative standard deviation, RSD) 43 % & 0.3%.
1.6%.2.1%0.1. 7% .2. 5% , R WL KE % B R 4T -
2.1.5.3 HEMTE  BE—HR A (SD R
610, B2 0.5 g REBFRE JE 2. 1AW F ik
Ao 48 A A VA, Fe R 2. 1L 1 TR A PR RERE N A2
RS IR G S I E & &, 115 Pb.Cd. As,
Hg.Cu & # % RSD 43 5l 24 1.2%6.0.8% .2.1% .
0.7%.2.2% , FKWZ I LM E R E R

2.1.5.4 RUEMSE A — S E R SD 55
BF0.2.4.6.8 12 hilbFEME il k45 TC R 5 51,
i1 % 45 Pb,Cd. As.Hg.Cu fi 5 {H i RSD 43 51 N
2 ELEREERRABNELEARRSHRABAER

2.0%.0.9%.1.5%.0.8% .1. 9%, & B it 3 5 T
1512 h N RS E T R 4.

2.1.5.5 JnkERIYGRE R REC AT Y
FEM (SR 0.25 g, 3 6 473, B T 74 f B b, 43991
IMAREFFHE TAEWO.5 mL, ¥R 2. 1. 410 F F ik
il 5 AR VA L F TR 2. 1. 1R I 8 A pERE RGN
IC S AE S TP ROAE PR . 258 B7R ,Pb.Cd . As.
Hg. Cu 0 A 8l g 5 43 5] g 89. 0%, 100. 2% .
98.2% . 103.1%. 106.2%, RSD 4 %l & 1.6%.
0.8%.0.9%.2.1%.0. 7% , W5 i M HER PE K4
2.1.5.6 FES S EME S BT HERR SRR &
0.5 g, 4% M 2. 1. 4 N A9 77 5 i A At 3 ot v Ak
Flas W, R 2.1 10T A9 2 7 s EA T A
W 2,

Tab. 2 Determination results of heavy metals and harmful elements and maximum daily intake

e/ (pgrg )

HHRRBEAR/ ug

5
Pb Cd As Hg Cu Pb Cd As Hg Cu

S1 24.54 0.51 1.02 14 493. 32 14.87 29.45 0.61 1.22 17 391. 98 17. 84
S2 40. 39 0.96 0.63 11 671.04 15.98 48.47 1.15 0.76 14 005. 25 19.18
S3 32.40 0.52 0.83 14 921. 15 16. 62 38. 88 0.62 1. 00 17 905. 38 19. 94
S4 9.48 0.43 0.61 8499. 64 28.13 11. 38 0.52 0.73 10 199. 57 33.76
S5 12.63 0.56 0.72 14 493. 32 16. 17 15.16 0.67 0. 86 17 391. 98 19. 40
S6 15.81 0. 60 0.63 12 373.25 17.32 18.97 0.72 0.76 14 847.90 20.78
S7 26.19 0.82 0.69 13 943.62 15. 26 31.43 0.98 0.83 16 732. 34 18. 31

2.2 Hg" .MeHg.EtHg4 = #m &

2.2.1 IR A ARV WO & K % I EL MeHg
EtHg 1R A br ¥ T H™ AR I8 S &, i AR B
O3 8K 8 %6 W EEMG B, 15 A 1 mL & RIEA 100 ng( LA
R IR A AR A T

2.2.2  MEECH WA WA BCRORL [ E L (LS
SDKAKRZ0.5g, 20 KEE, & T 250 mL

R A 22 BIA T B WA T 45 200 mLL,
FEAT . 37 CoK I v B b B3 3 300 W 5%
45 kHz)2 h, B 15 min & 2] 1R, & Ja FH G I % W
ER L), TE 20~24 hE , 2B LR, WO
JEHR WL 15 mlL, 28 10 wm BOFL R K i, 4 5 1

SLUEWE 2 mL, BT 10 mL SRR oK E 4
51,20, 22 pm L UE B Ik 0, BOCSE DGV, B [k
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2.2.3 HPLC-ICP-MS il & 4 & R H Agilent
ZORBAX SB-C 83 #£ (150 mm X 4. 6 mm, 5 pm) ; LA
0.01 mol- L' & FR& R W (B R B 800, 1296 L-2F ik
R, ZKWT pHZE 7.5 (A - (B)(92:8) K 5h
AL AR BEAR s N 1. O mL -min™ 5 4E 1R 8 30 °C, gEAE
R 20 pLo R G 4% [6] b 25 Ak 45 R0 R 18 S5 07 L 1%
ICP-MS #EATAM , BRI 2 He, 35 il 3 Fp R IE &
SYEE R 1.5, BRI KOR A AR e T E W 655 F
VNS

2 A
]l f 3
2.0 4.0
#/min
=
2 , B
Seop
= 05 fi
i 20 40
- #/min
‘:E C
= 3 1
g 107 1
= |
:'__-\ 0 — -
A 20 . 40
= t/min
=
< D
i X10P E Al
:;j“f 1.2 .'_\--\.'. A . A g i
= Lot ! Y
e 20 4.0
i tmin
"(é ¢ 2
g X10F e :
24) o
::: 1.2 A .u."- e, T ol W e Vo
T 20 4.0
i tmin

e ARA A TR EE B, gl A T 8 EE; C. it
WA TR ;D. ATEH®RZE AR E. N TR
25 H A ;1. Hg' ;2. MeHg; 3. EtHg.

1 HPLC-ICP-MS &%

Fig. 1 HPLC-ICP-MS chromatograms

£3 HMEEGHIR. EER

Tab. 3 Linear ranges, limits of detection and limits of quantitation

2.2.4 kHEER

2.2.4.1 KVEXRFRMFEE BURA AR MER S &
FH AR B 20 B0 806 FH It A R TG ) A BT o VA B A IR Oy
0.5.1.0.5.0.10.0.20.0 ng=mL (& LK) Ay &
FINR AR EE T . H 08 2. 2. 3T R (1% | i 4% 14 it
REMSE L DL H MR 2 (ng - mL ) g B A bR () | 068 T L
KYNAERR Gy, PEAT R BT T 58 56 28 BOR 4R Pk
YO R SN AE A PRI 1T U, A I T AR A A
P 22 (0, Lh 36 108 X 17 19 ot £ e B 43 oA A A5 1)
R BR A R, WL 3.

2.2.4.2 KEEESLE HUR ISR, R
2.2. 3T T &M% 2L UERE 6 K, 0 S g m AL, A
Hg"' . MeHg . EtHg W ifif #1 # RSD 43 5 24 0.5% .
1.2%.0.9% , R WL EF s %5 B R 4.

2.2.4.3 HEAEVMESR BUE —HRAES (SD KR
61y, B4y 0.5 g, F M 2. 2. 2000 F 7 247 1 4 it iR
oSV F IR 2. 20 3T SR E A R, 1 S 0 T AR
E SR, 4R 2R, Hg  MeHg EtHg & & 1)
RSD 4351 0.3% .0. 7% 1. 3% , R ik &
S T

2.2.4.4 FROEMTR  BUE L SER(SD 4
17 0.2.4.6.8. 12 hifF FEDI 22 |, 10 5% 0 18 AR 1 H 534S
Hg’" . MeHg. EtHg W 1f 1 i) RSD 43 5l 24 1.2 .
0.6%.1.6%, % B {3 5 ¥ W A2 12 h ) o
KA.

2.2.4.5 MAERICRTE R ARERC S 2
FER (SR A 0. 25 g, 3L 124y, B T 5 VU 4 2 4 0 it
e, 3 B AGR A AR HERS M 0. 5 mL, o 6 iy A
NTHW 6 MAN T A 200 mL, %8 2. 2. 25
7 A A VR R R 2. 20 3R A A R A U
FE IO M TR TSR MR . SR BOR & A
[l 2Rk 101. 4% ~109.8% ,RSD K 0. 7% ~2.6% ,
RUTFE MM R L. R4,

53 [al )5 77 LR E/ (ng-mL 1) r KithBR/(ng-mL™") &M/ (ng-mL™")
Hg*' =17 749. 52,—691. 5 0.5~20 1. 000 0.09 0.16
MeHg v,=29239.3x,—191.4 0.5~20 1. 000 0.10 0.17
EtHg v;=26 094. 3 x3—420. 9 0.5~20 1. 000 0. 10 0.17

2.2.4.6 FES SRR E BRTHRHESEY
0.5 g MGHPRE I 2. 2. 230 F 7 1 1 45 ik 5 i
W H IR 2.2, 3T A A 2E R 5 i sy 0 1T R AR
PR 2B T8 WM A T+ He™ \MeHg.
EtHg A& @ L8 & mim, WLEES,

2.3 LRy

2.3.1 Pb.Cd.As.Hg.Cuf ML E S ICP-
MS g 25 K 7~ , Pb .Cd As Hg . Cu 7 & i [l 3 5
9. 48~40.39.0.43~0.96.0.61~1.02.8 499. 64~
14 921.15.14.87~28.13 pg+g 'c Tk M F 4 H
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e KR 50 28 10 3L, B AL B i o 0. 12 g, B H e R
BAENL 2 g, MAMEITRE H R KEA TS
A 11.38~48.47.0.52~1.15.0.73~1.22.10 199. 57~
17 905.38,17. 84~33.76 pg. Z M T A4E 24 1 4
H 7t F % A & (acceptable daily intake, ADD) [ {&
(Pb<<214 pg.Cd<60 pg.As<<128 pg.Hg<43 pg.
x4 MEEKERAOIHLER

Tab. 4 Results of sample recovery test

Cu<<2 mg) , B & i BOR & i 3 8 H e BRE,
4FPICE R R A ADIBR Bk . g R 5 4k
D7 AR AP (R4 HeS) B A ¢, B b, 4
b B T B O R WLV A i 2 e Wk —
W RARITCE IS N S50 8T -

2% N LB W e/ % AT H#RSD/% N T W ez / % AN T RSD/ %
Hg*' 106. 2 1.2 101. 4 2.6
MeHg 109. 8 0.7 105. 2 0.9
EtHg 105.6 1.6 102.9 1.8

R5 ARARSNEHeRENNELEREESARAEANE

Tab. 5 Contents of Hg in different valence states and maximum daily intake

Hg" /(pg-g ) MeHg/(pg-g ) EtHg/(pg-g ") X B . .
s ITHE NTHE OTHE AThE ATHE AThm ke ) BHEREAL
S1 1.39 3.75 — — — — 5.14 6.17
S2 6.18 8.70 — — — — 14. 88 17. 86
S3 9.22 9.97 — — — — 19.19 23.03
S4 7.62 8. 38 — — — — 16.00 19. 20
S5 7.30 15.81 — — — — 23.11 27.73
S6 8.96 6.29 — — — — 15. 25 18. 30
S7 9.19 8.29 — — — — 17.48 20.98

TR AR

2.3.2 RICEILEM AT LN 50T K RAE K
$IE  HPLC-ICP-MS Ml & 45 2 Wn , 7 44 i AT
BB He® & 1.39~9.22 pg-g ', A T
WARBU Hg & i~ 3.75~15.81 pg-g ', Hg" &
O 5.14~23. 11 pg-g ', KL IR LA H e KA
wh L2 g, IHE MBS HRERKATEEHg A RN
6. 17~27.73 pg, i A FE B AR K H 5 3 MeHg il
EtHg. Z MR AR HE 24 #) (2025 4F ji) — 7B
“REPTIUN He' BRI AR, 45 G A S Ak Ty He i3 B
FUE TR ] F5 ML B 6 45 1 R EE - Hg® (LA Hg ) A 5
I 59 pgeg L AEK HE MeHg  EtHg. 7 4lLFE 546
I 5 TR A 6 400 BR B2, 9@ WAt 70 B0 Y 1 R 45 24
FMET N2y v R4
3 itig

AR YRAE 5T S B 7 HEWR R R AR ALRE 9% A R
H G KA, Al w AR R i 7 o A I R LB
L 2 iR O 2 A R A L R R . ICP-
MS & A I 25 S 8w, kL [ & L P Cd L As,
Cu %k 8 2 454 E b ADI bR AR R & =
bro S5 ABLRE A 50 R & B & 5 b
SEFATAL AR G R B AR EE LR IE U TE

TC e T AT AL AR 1, 22 40 KU vl 4
H I, 06z [0 38 U BAT o A o R I 8 R

KA FILR RS H . AU IE T

T A 20 ADTBRAE AT 1A b % L4 4 9

it BE AR Rl L TR S8 Y Rk OC R B AR B bR

PRAN Tz LA 5 G JE 2 4 B AR AR R &S L AT

oh R B o 58 35 | PR 5 4 24 B I ROdE S

IR AR
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