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Abstract: Objective To investigate the effects of calcination temperature on the phase composition and chemical constituents of
Shijueming (Haliotidis Concha, HC), optimize its processing methodology, and conduct comparative analysis and health risk
assessment of heavy metal content in HC and calcined HC. Methods Thermal effects during processing at different calcination
temperatures were examined via thermogravimetric-differential thermal analysis (TG-DTA). Primary phase transformations were
analyzed using X-ray diffraction (XRD), while compositional changes were assessed by Fourier transform infrared spectroscopy
(FTIR) to preliminarily screen the key factor “calcination temperature” affecting HC processing. Simultaneously, the optimal
processing parameters for HC were determined using the AHP-CRITIC mixed entropy method combined with orthogonal experiments,
with CaCOs content, crispness, and color as evaluation criteria. Calcined HC were processed according to the optimized method.
Inductively coupled plasma mass spectrometry (ICP-MS) was employed to analyze 20 batches of HC and calcined HC for Pb, Cd, As,
Hg, and Cu in 20 batches of HC and calcined calcined HC. Using HC powder as a reference, theoretical maximum limits for these five
heavy metals and toxic elements were calculated. Daily exposure and target hazard quotient (THQ) were further assessed to evaluate
health risks, providing a reference for quality and safety evaluation of HC. Results Preliminary screening of calcination temperatures
indicated an optimal range of 400—600 °C. Using the AHP-CRITIC mixed entropy method, the optimized calcination process for HC
was determined as follows: Crush HC to a particle size < 1 cm, place in a muffle furnace, set the temperature to 600 ‘C, and calcine
for 90 min. After calcination, the organic matter content of HC decreased while calcium carbonate content increased. The calcined HC
showed reduced levels of As and Hg, with minimal changes in Cu, Cd and Pb. Health risk assessment indicated that all 20 batches of
HC and calcined HC posed no significant health hazards to humans. Notably, the As and Hg levels in the slices were significantly lower
than those in the raw material (P < 0.05). Conclusion By integrating phase and compositional changes before and after processing,
this study employed the AHP-CRITIC mixed entropy method to scientifically and comprehensively optimize the calcination process
for HC. The screening results are scientifically reliable, providing new scientific evidence for quality management and clinical
application of HC and calcined HC. Conducting health risk assessments of heavy metals and harmful elements in HC before and after
processing provides reference for the safe clinical use of HC and other shell-derived Chinese medicinal materials.

Key words: Haliotidis Concha; calcination processing technology; health risk assessment; AHP-CRITIC mixed entropy method; heavy
metals; harmful elements; thermogravimetric-differential thermal analysis; inductively coupled plasma mass spectrometry; target
hazard coefficient; Pb; Cd; As; Hg; Cu
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Table 1 Information of Haliotidis Concha medicinal

material samples

W5 s PHL ORI YRR TR

S1 202305-01-SIM-YC-ZINB-XLS  #HL T #i4kt 2023-09
S2 202305-02-SIM-YC-ZINB-XLS  WHL T #igtft 2023-09
S3  202305-03-SIM-YC-ZITZ-XLS ~ HHLEM #H&kE 2023-09
S4  202305-04-SIM-YC-ZITZ-XLS ~ HHLEM #HEkE 2023-09
S5 202305-05-SIM-YC-ZJTZ-XLS  #HLEM #H&kt 2023-09
S6 202305-06-SIM-YC-FIFZ-XLS  fREARM Histt 2023-09
S7 202305-07-SIM-YC-FIFZ-XLS  fREARM Hrstt 2023-09
S8  202305-08-SIM-YC-FIFZ-XLS  #HEAEM ekt 2023-09
S9  202305-11-SIM-YC-GDZJ-XLS J ZRIMIT Hrakti 2023-09
S10 202305-12-SIM-YC-GDZJ-XLS  J ZRIMT Hrakti 2023-09
S11 202305-13-SIM-YC-GXNN-XLS [ T #4kt 2023-09
S12 202305-14-SIM-YC-GXNN-XLS [ T #H&kt 2023-09
S13 202305-15-SIM-YC-GXNN-XLS [ T #4kt 2023-09
S14 202305-16-SIM-YC-GXNN-XLS [ JUpiT Hrakt 2023-09
S15 202305-17-SIM-YC-GXNN-XLS [ #imT #rékta 2023-09
S16 202312-05-SIM-YC-FIFZ-HHC ~ #EEAE/M Fifeit 2023-12
S17 202312-06-SIM-YC-GXBH-HHC [ #ilbifs fiffeits 2023-12
S18 202312-07-SIM-YC-GXBH-HHC [ ilbifE fffeits 2023-12
S19 202312-08-SIM-YC-GDZJ-HHC [~ ZRIEIT fiffeits 2023-12
$20 202312-09-SIM-YC-FIFZ-HHC  #EEAE/M Fijfeih 2023-12
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Table 2 Analysis of character of calcined Haliotidis

Concha under different calcination temperatures
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300 DSIM-300 #hEEBE, NEDEHRERE BIRE 97.04
400 DSIM-400 SR, BERFELERD BRI 95.59
500 DSIM-500 ShFBEKE, TEHFOLE BB 95.50
600 DSIM-600 #h&AKAM, LB E  BE 9521
700 DSIM-700 #hEK A, TBHRELE B 92.62
800 DSIM-800 #hEFKE, TBEHRHELE By 8044
900 DSIM-900 #bRA A, TBHRFLE B 60.70

S14 DSJIM-300 DSJIM-400

DSJIM-500

DSJ M—700
B 1 A RIKA R

Fig. 1 Characteristics of Haliotidis Concha and calcined

DSIM-600 DSIM-800

DSIM-900

Haliotidis Concha decoction pieces
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W2 2544, DSIM-400. DSIM-500. DSIM-600 [¥]
TG-DTA ik R 2 MorE:, B CaCOs 73 fif b B Al
RECETRENE, 4R ILKE 2-B~E (DSIM-
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2 AREAZGH S14 (A) RAREBIRF DSIM-300 (B)s DSIM-400 (C). DSIM-500 (D). DSIM-600 (E). DSIM-700
(F)~ DSIJM-800 (G). DSIJM-900 (H) #J TG-DTA #h%k
Fig. 2 TG-DTA curves of Haliotidis Concha S14 (A) and Haliotidis Concha decoction pieces DSJM-300 (B), DSJIM-400 (C),
DSIJM-500 (D), DSIM-600 (E), DSJIM-700 (F), DSJM-800 (G), and DSJM-900 (H)
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Fig.3 TG (A) and DTA (B) curves of Haliotidis Concha

S14 and calcined Haliotidis Concha decoction pieces of

different temperatures
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Fig. 4 XRD spectra of Haliotidis Concha S14 and calcined
Haliotidis Concha decoction pieces of different

temperatures
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CaOl'8], CaO FFW /KA ik Ca(OH), FrE!9); 7F 1 631
em ! fHEAEH K (H.0) S R, HENZ
B FBRE 5 11 CaO M 52 R, FF i G AT I R R TR K
Bl £ 1475 cm™ (A ELERER 25 (COs2) 1
SRFRARAEIR SO, HEN 2 T fE ) CaO 5
CO, B F IR LB CaCOs; MRASE 4TS 7
2 918, 1082, 698 cm! Pk, 1 AHEHZ I K&
DSIM-300 % tHIRELAMRAAE R W0, AR IR )
R IS RLLL AN g, A BT s i L
HHUT RS K B FTIR 45 3 5 TG-DTA 5 XRD
MR R

gE b, MR (PEZE) 2025 FERR—H A UL
R TR 5 S 0 0T 6 & 5 DR 3R AT S E
M, JEEETE 400, 500, 600 CHFX T HARB NF &
HE; TG-DTA. XRD. FTIR 3 FiJ7 ik ah 5 AH
5, BN FEACT 400 CHE, 258 i HLSE B
SRR TEA, MBI 2 700 CULE, X
AR B R S) CaCOs UG iy CaO. I, ik
HY 400. 500, 600 ‘Cit—FIF g IERZ 5
2.2 EXREMAARPBEFITE
221 ERRAEWE BT ERREFRGS R,

A DSIM-900

I‘fr- - N _ . :_/ ~
DSIML700 ~ V AN
DSJM-600
ﬂ\/_\f\f_\d Iﬂl
DSIM-500 i

DSIM-400
DSJM-300

S14

3500 2500 1500 500
viem™!

B DSJM-900
- —
DSIM-800
DSIM-700
DSIM-600
DSIM-500

DSIM-400

DSIM-300 ‘ \ \

S14

N

2500 1500 500

v/iem™
E 5 ARIAZM S14 RARMESLEE TARAR A
FTIR $HEEE (A) M= FHEE (B)
Fig. 5 FTIR characteristic spectra (A) and second

3500
1

derivative spectra (B) of Haliotidis Concha S14 and calcined
Haliotidis Concha decoction pieces of different

temperatures

gty bRt R 2507 J s RIE) 2008 “FERuBof
BT S JBCA TR AR TRLE J9 500 °C Al i (]
4 50 mine H. R SR FEART 400 CIFRBELL
%, BHEIATE S fEET 700 CH S RAERA,
IR A AL B 400+ 500, 600 C 3 AMBHIEE (A)
K 304 60+ 90 min 3 AMEHIES[E] (B) 7K FX¢
AR T2 AT LE . X T YL B 1 2544
FIAR RN, BIUAT R 2 SN 5528 T A s v 280 A ol B
WAL, BAE CHF TR 2 TS SR R A 50
AR B CHUBCA R, KRNI e BRI R
FEIRPIMRIAR R/ IN W] R 22 MR A TR B PR M ) T2,
WSS T <lems 1~2cm. >2cm3 NG
Fife (C) KT HEL . A e T 235211 1
TR A FARTFER MK 3, KA LGHIERR® T
e, WRIE L WAR 3, TETEERNE 4.
2.2.2 VP RR LR A TRAL
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R3 ARAESHITZ LG)ERIREERKE. R REE
R @n=3)
Table 3 Design and results of orthogonal experiments on
calcination process Lo(3*) for Haliotidis Concha (n = 3)

N/

D CaCOs— i osey
al 7N
RIE A/C B/min Clom " ki o

ZH) % - @
1 400(1) 30(1) <1(1) (1) 9691 40 20 74.80
2 400(1) 60(2) 1~2(2) (20 98.02 40 40 78.11
3 400(1) 90(3) >2(3) (3) 9773 40 40 77.93
4 500(2) 30(1) 1~2(2) (3) 9599 60 40 84.66
5 500(2) 60(2) >2(3) (1) 9552 60 60 87.05
6 500(2) 90(3) <1(1) (2) 9429 80 60 94.07
7 600(3) 30(1) >2(3) (20 9721 60 60 88.03
8 600(3) 60(2) <1(1) (3) 9670 80 80 98.14
9 600(3) 90(3) 1~2(2) (1) 99.18 80 80 99.59

230.84 247.49 267.01 261.44
265.78 263.30 262.36 260.21
285.76 271.59 253.01 260.73
R 5492 2410 1400 1.23

5onoa

*®4 FESHER

Table 4 Analysis of variance

T ERE WA A B Fii P1a

A 5151345 2 257.5672 2026.847 2 0.000 5
B 99.9434 2 499717 393.2370 0.0025
C 33.8939 2 16.9469 133.358 8 0.007 4
D(FH) 02542 2 0.127 1 1.000 0

(1) JZE45r#rik (analytic hierarchy process,
AHP) i€ FMAE REL (wamp): AHP LR —Fh
FURB Tk, AEd FREREE S B
() PRI A 0 B 2R P AT & B AR, PR A
TH LR Hbr 2 B E 27, LA 2 B ArHE L
i VRE B O LA G 2R BT (1) 40 M 7 V2. AR AT
H, CaCO; 2 AR AR B F 25, HA
(P EZG L) 2025 F il FB AT P B S 200 E W 1Y
FRFRERC Sy, R (5 sy FLk, (hEZE
B 2025 AR HB AR OR U FLE I B Ik
Jia 7, DRLRs IR G FE AR A FR bR 22— bk, (R
E 2500 Bea IR N A “ R B AT 1)
R, P EEE AT R —

CaCO; H &M E: BUBA BIFE M4k £ 0.15
g, FEEME, &M (hEZR) 2025 FR—HA
YRR B B IR VAT o BRRERE B R A A
AR E A SCHRXT Atk DL 56 288 25 4 e ) it Joid 3 1) A
ICAIR22Y, A R B ) v P TR i R e R DL A

VAT Y- M RS T 20 73 REFH RS
T 40 75 BRI FIFEEIR 60 705 W5 T hiEE
WA 80 435 FHFRAFRIMEF K 100 73021, EPENR )
brfE: RREEIK 20 70 KB EE 40 70 KEH
Tt 60 s ERAKEER 80 43 KA EER 100 43«
LRE 2 R R T2 3 AN SR FR IR AH
XY ERESE, FHI Y 3 AR, HE R
N CaCOs &8 >BRIERE > e, FFaEATPImEL
B, RIS FIWIE RS, T TSRS O TEAR oane,
SERNE 5. 18h —FUHERE (consistency ratio,
CR) =0.0090<C0.100 0, &5HREWZPFNFRIRILSG
BRI AR R ) — Ve R 4F, BT SHERS oane B
AR
&5 THEARART EL BRI S F T FE R
Table S Prioritization matrix for pairwise comparison of

evaluation indicators

PLoE AR

N
YT
CaCOs # & 1 2 3 0.5390
TR if 722 12 1 2 02972
% 1/3 1/2 1 0.163 8

(2) ETHEbAH RVEIALE G E J77% (criteria
importance though intercrieria correlation, CRITIC)
e B E R EL (wcrme): CRITIC 2 —ME
MRAE:, il 7870 42 8 AR EH ARk 1) B &
JEME, A Ay EE SRR R TR T HOAH S A B R
LB BRI B2 F, U2 H bR 18]
TEAEEE 22 7 ek Aa RO TR 254 B An AR Xt
S S A1 UF R i O R A 1 =1 el I[P =
98 B R PR AGE S BT B4R R U B WAL, iS5
BREARAR T KN S Fabm A R A%, 456 HARE
P2 EVEREAT B AT Y . X3 4 S TR bR
Hells, W TR AP BB B, ToRNNT
A AT ENEIE = (X— Xnin) Xnax— Xmin) » TGH
Xonin JVZIEIRERIME ) Xomax NIZFEVRIRCKAE . 1B
SPSS 27.0 A 734t 3 WLEA Fa bR i TR AN Bcdis
SRR, ARUIRT ) CaCOs i BRIETEEE
) werrmic 7714 0.390 4. 0.375 7. 0.233 9.

(3) AHP-CRITIC J&& IIBUEHE 27 5 AU E R
. (wanp-crimic): A FEARHAUE RECHE hn4xm H
W& SbrR, AW 0 R A 7 AHP-CRITIC VR& IR
W 2 PR R S FE AR T ROUBE REOHEAT L
&, THE 3 TN IEARI warp-crimics 45K WK 6.
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R 6 3MAEUHENS 3 TUENERNNERK
Table 6 Weighting coefficients of three evaluation

indicators calculated by three methods

'\Ly'ﬁl\?gﬁ? W AHP QCRITIC (W AHP-CRITIC
CaCOs & 0.5390 0.390 4 0.583 9
TR e £ 0.297 2 0.3757 0.309 8
JaRES 0.163 8 0.2339 0.106 3

THEA N oanp-critic= 0 anrocriTic/ 2 AHPOCRITIC »
(4) 3 MAUE 73 M 7 iR TN 45 R SR G 1) 45
RLbE: 435SR @ AHP ¥, CRITIC 7. AHP-
CRITIC B INBLE I B4R BE R 8, W IE
ARG R IAT SR Gy, BRWNE 7. XT3
FiBCEE 43 B 7 A9 B 2R G 0 0 45 SRR SPSS
27.0 BAFATAHRNE D M. 4RKW], AHP JEAN
CRITIC VAL G AR R R KN 0.999 2, AHP %
A AHP-CRITIC R & IBGE LR & PF 0 AR < R BN
0.999 9, CRITIC ¥:H1 AHP-CRITIC V& & INALE:LE
BV HIARSE R BN 0.997 6, R 3 FhOTIEBE 2
A 5 53 EAHSE (P<<0.01), B 3 FALE M7k
BRIWLRE VP 45 R A — B,

X AHP {21 CRITIC V43 2 AUE R ECR A
SPSS 27.0 B AFHEAT MRS 4, G5 RR WY, 2 Fh7
TRERE VRO AR R BN 0.823 2, RITEAT B AHK
P (P>0.05), BiH] 2 MOTERMIEEA RS &
IR = A

NEFE G R H AT PPN R bR AT IR,
AROFFN TR 2 AN TT I AE 1S, 2R
AHP-CRITIC & & MBS & fa b5 456 1E
(o HHEAAN: Yi:Z;:] O AHP-CRITICXY Ximaxs T\
o X 23N 3 ANV ARFR IR 2045 R Ximax A4S

RT IHBBUEEETNER (n=3)
Table 7 Combined scoring results of three assignment
methods (7 = 3)

. LAV
sy - : :
AHP 7% CRITIC i AHP-CRITIC ¥
1 71.25 62.51 74.80
2 75.95 68.79 78.11
3 75.78 68.68 77.93
4 82.28 77.39 84.66
5 86.12 83.05 87.05
6 92.89 91.97 94.07
7 87.03 83.71 88.03
8 98.28 98.76 98.14
9 99.62 99.73 99.59

R R KA, oanp-crimic; N#EIE AHP-CRITIC 7%
THEA RIS BRI E R, 45 R WK 7.
223 ERZRIE R W LB IEA RIS
4 AHP-CRITIC B & MBUES B £5EVE5, AlHI
BRI (AL BRI (B). Z9HRi4E (C) 34
IRl 26 A e S ) T2 R N A>B>C, Ho
A. B. CH¥XIvPorai Rz i3 (P<0.05), 45
W2 3 K 4. W 1208 AsBsCh, BIA GBI
FEMH) T2 MRS 600 °C . #B I 1A] 90 min.
ZiMRifE <1 em.
2.2.4 A7 URBA M) T 26 E R B A Y B R R
a6 €2.2.37 TR LIE R A B T E
CBRNETE 600 C. M TA] 90 min. Z5AHRIAE <
1em) BATERUEASS, FF4%ME FiR AHP-CRITIC V&
EIMBGER AT R G, SR WK 8. FiIREK
B, 3 IR S P R bR ZR G VR P ME
4 99.77 (RSD N 0.046%, n=3), FWPHTZEE
PERLF. FRE TR

£8 AREABH L EWEABER

Table 8 Results of validation test on calcination process of

Haliotidis Concha
CaCOs/ W5
s — Ga
5 % BRMGRRRE a7 B
1 99.39 80 80 99.76
2 99.47 80 80 99.81
3 99.33 80 80 99.72

CREITRN R RES IR A R, 456 FTIR,
XRD RS Al 51, 7E 600 CIRE T 90 min
P A e B, B 2E RS CaCOs & i
W, AR R, EEMRF S (P2
2025 fERR “IR AETCIEE, RBRIGE” MIbRE, BOR
AR E 600 C, il [ 90 min, 25kt <
1 em NEAEMEHITZ. MAREZM (S1~S20)
AT, HREA B A D1~D20,

23 ARPHMRBARPRFFASEEERE
ELREENH
2.3.1  ICP-MS LR 5 4

(1) MIREEAE: B B B R, HCRIER
208pp, 114Cd, SAs. 22Hg. 63Cu, WHR[FEIALZE 5
I BIn, 29Biy PGe. HFE FHRAM (RS WE
15.0 L/min, 3§84 (2070 & 1.0 L/min, AL
AU 1.0 L/min, #ME/FE AR 1.0 L/min, i
HIEFEN 0.1 t/min, FAHERE 2.0 C, Kl



© 494 » PED 2026£1 8 B57% B2 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 2

BB, RFER N 10.0 mm, HEEIKEL
SRR/

(2) PRSI ARG = . 4.
Bl 7R BT EARMEIEOE &, F S0l FRVA it
ITRRE, R4 A &Y 0. 14 5. 10, 20ng/mL, 48
0. 0.5. 2.5. 5.0, 10.0ng/mL, fif1 0. 1. 5. 10. 20
ng/mL, 7K 0. 0.2, 0.5, 1.0~ 2.0 ng/mL A4 0. 50
100~ 200, 500 ng/mL [1] F 51 Jii & B (TR A b e
Vo TC R I v VRS B VR FE N 1 pg/mLs

(3) WARIETRIIEI: A 0T 5.
BT RERSMER SR, B 50 mL &iiH, H 5%
THIRVE O AT ARE, A Img/L M0, B 510
RE WA, #2251, BIfE. RAELHNRINA.

(4) PEC VAR B & 2 B TR B 25 44
(S1~S20) KMm Rk (D1~D20) i&E&, #
o, B, i 200 Hif. BCSFERMARL 0.1, K
B, B R R A, IMAERE 6
mL, #EERMNEIE, T80 CHEER 30 min, %M
A2 (10 min MNEIRFH2 100 C, {REF 5 min,
IJE 750 W; H 10 min 1% 200 °C, f£4F 25 min,
DIZ 1 500 W) BT, RTEmERUE, B A
250 °C, BUHIHMEE, A, B 50mL
B, F R K BEGIERRE 3 Ik, BRIRE I
T 50 mL &, IINEARAER 200 uL, A4tk
IKMERERZIEE, $EA), HMS UM a . R S
AT 3 6

(5) RIS BRAIEE Sk K A& A5
ARV, A RS S VAR ) A5 25

(6) L&MERRFEE: WARIIAEIREIRAIRIE
VW, I 4230 (D7 TR “TER & e &
TLRTE. AN EREBRE AL (X0, &
TCE 5 BRI AR ) LU AR (YD), 15314
TG M AE B 7 FRFIAE ¢ R 3 () B4, 250 LR
9, FICEK r ¥IKT 0.999 0, LZERFRHE. 4.
il 7Ry HCERIES AVEE LR R RIT.

() FHIR. EER: &N AR, %
231 (D7 TR “WRAAAE” EEME 11K,
TC SR AR BEAR, 73 5l DM AR 3 £ 10 fi
P 225055 R AR AR DN G 28 0 6 R PSS A D H PR o =
M. S5R4ET. 4. Bl 2Ry HIC R H IR 4 5A
10.8. 5.1, 2.8 2.2, 4.7 pg/mL, E&ER57H 36.0.
17.0. 9.3, 7.3. 15.7 pg/mL.

(8) K %5 0 - B S4 L F A, 1% 8“2.3.1

®9 BREZMXER

Table 9 Linear relationship of elements

TG ljjﬁ [543 2 r gj%ﬁm/
JLER (ngmL™")
208pp 299Bj ¥=0.013 9 X+0.002 5 1.0000 0~20
114Cd "SIn ¥=0.003 6 X+1.7003X107° 1.0000 0~10
5As Ge Y=0.006 6 X+6.1904X 107 1.0000 0~20

202Hg 209Bj ¥=0.001 5 X+1.5373X107° 0.9997 0~2
SCu *Ge Y=0.059 6 X+0.091 3 1.0000 0~500

(D7 UK “IMR&AE” EENGE 6 IR, 0 5%ME i
IR, 115 RSD1H, . #8. . K. #lcRm
NAE ) RSD 4354 1.44%- 3.99%- 7.41%- 3.60%-
1.75%, 45 R 0H1Z 710K 5 BE AT

(9) FasE MR Le: B S4 Sy, 43 71
)5 0. 20 4. 8. 120 24h, %M “23.1 (D7 WK
COMR AR BRI, S E R EIRE, 1A
RSD {8, #%. 4. . 7K. Hloc &M R{E A RSD 4>
BN 3.12%- 3.65%- 3.66%. 4.02%-. 2.78%, 4R
R ITVENG 2 LR

(10> HEMERL: HlH 6 7 S4 FEdh, Ry
Z10.1g, %8 “23.1 (407 TR ikl i
W, RAMRE 2 S o Rm & &, 1MEH RSD
B, Hr #5. BL JR. #OCER M RSD 435104 5.22%.
6.57% 6.29%- 8.21%. 4.75%, Z5RFH ik EL
PER I .

QLD porEREI RS 73 B 6 43 Sl A% ot
REEM S4 FEIMZ) 0.05 g, FEEME, 2 HIIINE
ORI IR B TR A PR UEVA T, 42 “2.3.1 (4)7
TR IR IS, e H RS TR S &
Hhoremes. 4RER, 84 . i k. B
SERIIORE RIS N 100.14%195.46%-107.04%
90.14%- 95.46%, RSD fH73 54 6.74% 6.31%-
3.40%- 6.22%- 6.31%, 2RI T7 VL HERGRE BT
Rl sE 3 HT K

(12) FEMEEINE : BUARIZH (S1~S20)
FABATRIATR A (D1~D20) ¥ A& &, %08 “2.3.1
(47 TR J5 ) 4 A s v, JFle Hodr 5 oo
BEE, SRWE 10, HE 10 vk, FUREZHM
) 5 MESETRERN S ESIUIT AN Cu>Pb>
As>Hg>Cd. K (FEZM) 2025 AR
TIHRBCE HESELEF RN EN, 2%
CHEZGHL) 2025 A i sl 7o ke 2 100 R X H E
&)@ NAFICRRENE, 5N S14 H1S15 1
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R 10 20 HARPBAM REBHIXE S CaCO; RER SHEERTREE (n=3)
Table 10 CaCOs content and heavy elements content in 20 batches of Haliotidis Concha and calcined Haliotidis Concha

decoction pieces (2 = 3)

.- CaCOs/% Cu/(mg-kg™!) As/(mg-kg™) Cd/(mg-kg™) Hg/(mg-'kg™) Pb/(mg-kg™!)
gitt WA M {0 2kt W Zitt 95 2kt W Uikt W
1 95.63 96.02 26841 28190 0.2355 0.1271 0.0690 0.1060 0.0651 0.0000 1.5394 2.2249
2 97.00 99.18 29964 3.6060 0.1617 0.0250 0.0318 0.0370 0.0114 0.0000 1.8308 2.2225
3 96.73 9744 28333 32780 0.1716 0.0010 0.0347 0.0550 0.0184 0.0000 1.6265 2.8465
4 96.52 9732 24866 24170 0.1046 0.0020 0.0015 0.0530 0.0084 0.0000 0.8677 1.0646
5 9746 97.52 21662 26480 0.5913 0.0075 0.0444 0.0710 0.0364 0.0000 2.0180 2.1550
6 96.23 97.02 1.8368 25170 0.1726 0.0100 0.0163 0.0390 0.0242 0.0000 12305 1.6126
7 9752 97.52 14630 1.6920 0.1307 0.0000 0.0259 0.0590 0.0514 0.0000 12106 1.6558
8 98.28 9895 21708 2.1730 0.1348 0.0000 0.0328 0.0400 0.0498 0.0000 1.6547 2.0401
9 9534 9997 26410 29570 0.1098 0.0000 0.0146 0.0510 0.0242 0.0000 0.8409 1.0948
10 9524 100.75 2.6931 28210 0.1043 0.0000 0.0165 0.0480 0.0374 0.0000 09261 1.0145
11 9588 98.84 1.9239 21270 0.1583 0.0000 0.0217 0.0330 0.0333 0.0000 1.1557 3.0545
12 96.24 9949 19366 20810 0.1738 0.0000 0.0416 0.0490 0.0584 0.0000 09426 1.7540
13 9481 100.70 1.6987 2.6280 0.1046 0.0000 0.0314 0.0270 0.0388 0.0000 1.1355 1.9686
14 9575 98.59 2.6844 3.6970 0.0897 0.1456 0.0219 0.0470 0.4053 0.0055 0.2273 0.9029
15 93.87 98.76 1.1216 3.5640 0.0829 0.0605 0.0144 0.0540 0.2948 0.0010 02805 0.7085
16 95.61 9845 27720 3.5340 04330 0.2035 0.0506 0.0340 0.1089 0.0044 05133 0.8884
17 9520 98.97 22024 33640 02224 0.0746 0.0266 0.0340 0.1152 0.0089 1.8898 1.0343
18 93.66 98.68 2.1970 42210 02015 0.0812 0.0180 0.0224 0.1363 0.0000 2.1155 2.2488
19 95.11 98.74 6.6846 8.1240 0.1517 0.0756 0.0170 0.0245 0.1138 0.0079 1.0873 1.1365
20 9576  97.74 48982 42760 0.1606 0.1567 0.0568 0.1090 0.0499 0.0398 1.0802 0.8632
X+S 9589+ 98.53+£ 2.604 5+ 3.2272+ 0.184 8% 0.048 5+ 0.029 4% 0.049 6+ 0.084 1+ 0.0034+ 1.208 6= 1.624 5+
1.16 1.20 1.2292 13555 0.1223 0.0643" 0.0165 0.0233 0.0997 0.0090" 0.5410 0.6985

55k Z5M . "P<0.05.

*P < 0.05 vs HC medicinal material.

ARZM &) Hg sz 17 Hg<0.2 mg/kg
HIPRERE . HOX ¢ A6 4s KRR, LM I
AR H Asy Hg TR & REFHAD (P<
0.05), Cu. Cd. Pb JuHm G EAZMANR, HENZEh
T As. Hg RIS 7E 613.0, 356.7 C, 4
600 ‘CHIEIRMES G, YO EIE > As. Hg t&
PR S AR K T8 Cus Cd. Pb JUER & 2 AH
XFIgo, HEMR BT Cuv Cd. Pb TG FE AW A5
7E 2 567, 765+ 1740 'C, 600 °CIFIMBHIEEA L
PAZER Bk 3 Fioc®, ik Cu. Cd. Pb mH & &
FRFSE N, IR (rb 2 ) b HoA D158 26
T2 E R A R R

2.3.2 1B RER/D —3- )543 T Corthogonal partial
least squares-discriminant analysis , OPLS-DA )
OPLS-DA & — A W B I 40 J7i%, gk — 2
i 106 A7 R WY 2504 5 B TR BRAR A 22 1) B 22 S P B

EEIER, UETRTENLE, KH SIMCA 14.1
AR 3E1T OPLS-DA, 455 W& 6. R2x 1 R%y
4318 0511, 0.656, TillifE /1240 02=0.542, ¥
KT 0.5, RO AR Foe v 52 B T RE )58, H
At . @it 200 K B IKEIRBENLHES], 15
FIANE RPN Q2 ME, AR WE 7. R? A1 QA EIA
2k 5 /N St oy RS T 2 2k mIA LR, B i)
R2AN Q2 ¥ T, RFFTEBARE. AR
ATEE, RHBERA.

I SIMCA 14.1 BAHEF- 97 70t & LA 11
AP B B B MR (variable importance projection,
VIP) {H, S5RWE 8, L VIP>1.0 NBEP,
% A B2 WA DR AR R R 2 AN TTRRE R
K ZFRMEICE, 4358 As Fl Hgo 455K, As.
Hg JCHR & B XA R M ABA YL
EEIEEH, N_HB T AEERNEEILER.
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1.000 38*t[1]
R?1]1=0.294 R%*[1]=0.217 Ellipse: Hotelling’s T2 (95%)

6 20 itARBAZIRFN 20 HIBAREBIRE R SHEERE
RBETEN OPLS-DA B8 =E

Fig. 6 OPLS-DA score chart of five kinds of heavy metals

elements of 20 batches of Haliotidis Concha and 20 batches

of calcined Haliotidis Concha decoction pieces
R*=(0.0, 0.045 8), 0*=(0.0, —0.284 0) 2

0.6 " m
ol 0'2 1 - - ]
D - -
= > o
&= —0.2 - - - . RZ
i m m o
-0.6 m BN
0 02 0.4 06 08 1.0

LB
[E7 OPLS-DA fRZ! 200 R EHRIGILER
Fig. 7 Test results of 200 permutations of OPLS-DA model

As Hg Pb Cd Cu
var ID (primary)

E8 SHEGERBELRN VIPE
Fig. 8 VIP of five kinds of heavy metals and harmful

elements

24 ARABMEBARBIRFIESEESREA
E LR RN

241 fEFHRR] BEEERATS YRR U H 5 e,
E ol SRV S PN N Y S SN NN R S
W A E RN 2 R EAE RO, AT
RRIEAN AR TP 2R IR 25 2 40 e
DUFESRn 245245 FI i SEAS K, BAT SRy (A s R L FH A
H, (PREZ ) 2025 FRRIEIER 5 MR IR

g, (OO N E SR A A E TR E
AT TIRE, fAd. 1. BERBNESEIR
wEhrAE R . BET, (PEZH) REPR EAIA
EE 4 )8 A FE LR Pb. Cd. As. Hg. Cu%
TR, WEFRR Y, Kl Pb 2 5 8t i S AL i
1 Je 22 4 B NIRRT 48 G . #P 248, HFIE
B IEEERS, Cd BA SR, DS N R A 0
ZAMES R MK e R g a2,
As BAEUE MR RGP, Hg XX ph2e fl 4521
LA BAAEBIAMERBY, Cu it &2 FEW LR B IR
WERALLE, HILAT W, SRR E SR H
FEILRIIW A RRRN, HHX T AR 720
FRBE VP B Rt 7. AR, T BIREEN
He g A FHou R R E R AE 1) H) e e e JE .
242 fEFEFHEHIA

(1) HARMREHWRE (L & Bl (REZ
BL) 2025 FFRRATPLBH IR B AN H E 4 8 A T
RIMATIRE, PR SFH bR FREY
AR PR YR 3P 5“2 E R
YRR EHERE SR GEN 9302) 17, #7050 (1)
HEAJPIF Pb. Cd. As. Hg. Cu JLEMI L.

L=A4/1000X W/(MX10)X AT/EF XEd)X 1/t (1)
LARKREERHE (mgke); 4 NETRARERH LT
A E (ADI, pgke), Pb Mg S E VBT AR 1.3
ug/kg, Cd A~ 0.83 pg/kg, As N 3.0ug/kg, Hg N 0.57 pg/kg,
Cu N 500 pg/kgs W AN E, —BIME 63 ke 15 ;
M R ZiR G B EH AT DU M & K& (ke), A
R HHE N 6~20g, BFHERKRHAEN20g; 10 A%
T, SANEEH B 2R B S PN E SR
KEETEMEAKRTHLRRGERE (BSEW. WHAK B
10%; AT NAZEFIFMREL, —Bdi 25550d (365 d/AEX
70 4£) {15 BF ATZM (R BREMER, 1% 90 /41t
5y BdAFEM CRRD RA—AERMREER, 1% 20 41t
By ot AP AM A RIS S AT IR & E &8
R FH RN, T LA T 28 B BoA R 5
WMNZERB, IR FR 100%

A XA R 2 Pb. Cd. As.
Hg. Cu JCEKI L 4370 5.8+ 3.7, 13.4. 2.5, 2235.6
mg/kg. FZHRLIRERAT AT, 20 a2 K&
T RBHRN ) Pby Cdy As. Hg. Cu TE S &
BIAR PR o

(2) BT V5 R0 BRI R e Bus
HT 8 —EgR A E R, it AT .
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Pi=Ci/S; 2)
PiNEEGBEAELR | MR, G ONE RS
B, SCAEEIRF N b (REFRSED, 4RNE 1.
SHFREMERS P AN R IEAERHE, P<1 &
ARG, 1<Pi<2 RRBEGY, 2<Pi<3 XophEG
gy, P>3 RoNE GG

(3) NWIEZ a1 R Euk: NWIBZ iG55k
T B0 BE 8 4 T s W 24 R B ) it o 1) B
KA ETCRIGRFERE, HEARX LT,

P 6= [(Pmax®+ Pave?)/2]'2 3
P o NFEME &R R FIORTTRGEERE, Pox NEE)E
KA ELXEHTFIREIBKE, Poe NEEELGEGER

THRBU T . SRRENEKS P s MEK KNI
IEAHRME, P 4a<0.7 RIRLZER, 0.7<P 4a<1 RREW
B, 1<Pya<2 BRBEETGY, 2<P 4a<3 BRTFEIGYL,
P n>3 RoREE Y

20 AT U B2 BB AT Y B R TS YR R A
11, BREGH S14 F1 S15 NG YHh, HABH
Ay, 5 (b EZG ) 2025 SRR DY EREE I 9302 1
N CESEAAELRE BUHRERRE 46
ICP-MS EMNAZS R AT A s AR . REA
WM P — BN E SR LA FE R 3
()R, sgme L A 4.
243 BEWHE BTESELAECENEEY

R 20 fHERPAM RBRARARAPESBTRNRZ TN

Table 11 Safety evaluation of heavy elements in 20 batches of Haliotidis Concha and calcined Haliotidis Concha decoction

pieces
- 2t Pi 237 Y R EE W Pi Wh s g

Cu As Cd Hg Pb  Pus  FE Cu As Cd Hg Pb  Pux FEE
1 0.1342 0.1177 0.2300 0.3254 0.3079 02790 %4 0.141 0 0.063 6 0.3532 0.0000 0.4450 03451 &4
2 0.1498 0.0808 0.106 1 0.0572 0.3662 0.280 4 %4 0.1803 0.0125 0.1233 0.0000 0.4445 0.3322 &4
3 0.1417 0.0858 0.1157 0.0918 03253 0.2539 %4 0.1639 0.0005 0.1833 0.0000 0.5693 04229 &4
4 0.1243 0.0523 0.0050 0.0421 0.1735 0.1350 %4 0.1209 0.001 0 0.176 7 0.0000 0.2129 0.1670 %4
5 0.1083 0.2957 0.1480 0.182'1 0.403 6 0.327 6 %4: 0.1324 0.003 8 0.2367 0.0000 0.4310 03253 &4
6 0.0918 0.0863 0.0544 0.1212 02461 0.193 6 %4 0.1259 0.0050 0.1300 0.0000 0.3225 0.2425 &4
7 0.0731 0.0654 0.0865 0.2570 0.2421 0.208 6 %4: 0.084 6 0.0000 0.1967 0.0000 0.3312 0.2497 &4
8 0.1085 0.0674 0.1095 0.248 8 0.3309 0.264 1 4= 0.108 7 0.000 0 0.1333 0.0000 0.4080 0.3028 %4
9 0.1320 0.0549 0.0487 0.1208 0.1682 0.1402 %4 0.1479 0.0000 0.170 0 0.0000 02190 0.1724 %4
10 0.1347 0.0521 0.0549 0.187 1 0.1852 0.158 3 %4 0.1411 0.0000 0.160 0 0.0000 0.2029 0.1602 %4
11 0.0962 0.0791 0.0722 0.1663 0.2311 0.1872 %4 0.106 4 0.0000 0.1100 0.0000 0.6109 04475 &4
12 0.0968 0.0869 0.1386 0.2921 0.1885 0.2357 %4 0.104 1 0.0000 0.1633 0.0000 0.3508 0.2630 &4
13 0.0849 0.0523 0.1046 0.1942 0.2271 0.186 0 %4 0.1314 0.0000 0.0900 0.0000 0.3937 02917 &4
14 0.1342 0.0449 0.073 1 2.0264 0.0455 1.470 1 HEi54: 0.1849 0.0728 0.1567 0.0275 0.1806 0.1576 %4
15 0.0561 0.0415 0.0480 1.4742 0.056 1 1.069 0 #Ei5%: 0.1782 0.0302 0.1800 0.0049 0.1417 0.148 1 %4
16 0.1386 0.2165 0.1687 0.544 5 0.1027 0.419 1 &4 0.1767 0.101 8 0.1133 0.0221 0.1777 0.1509 %4
17 0.1101 0.1112 0.0885 0.5762 0.378 0 0.444 9 %4 0.1682 0.0373 0.1133 0.0447 02069 0.1670 &4
18 0.1099 0.1007 0.0600 0.6816 0.4231 0.5197 %4 02111 0.0406 0.0746 0.0000 0.4498 03364 &4
19 03342 0.0758 0.0567 0.5689 0.2175 0.4396 %4 0.4062 0.037 8 0.0815 0.0393 0.2273 03083 &4

20 0.2449 0.0803 0.1894 0.2495 0.2160 0.224 4 %4

0.2138 0.078 4 0.3633 0.1990 0.1726 0.2951 %4

B, BOHENETPEER, X THUAR £ 2
FREMERENE, R IR TR BR8N
18 1 B FR B VA o 0h T 2504 S LA Bt o )
HEE LA FE RN BRI Ed i E L H 2
BRET. ITHEARWT.
Exp=EF X EdXIR X CX /(AT X W) @)

Exp A THE TS H &85 & (ug/kg)s EF. Ed. ¢ AT.
w53 (D) FB SCHTF; IR AR ZM (R 1t H B,

ZIR (REZH) 2025 FCARAESAETR “6~20
g7, URAME TR AR 20 i1 CATZM (R
TS B JE XA E TR SEPR R (mg/kg)

2.4.4  NBSUPAL EAFH RN, EFHRHERR ., 2
Fa VAL 58 U BEAT MBS VPG o 3 =15 045 R it
T T, CREVHEE &8 LA FH T E A K
g 7 A2 1 9 3 A R AR XU R B F AR AE I A
etk HEARWT.
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THQ=Exp X 10/HBGV (5
THQ NIEREERE, Exp NHEEE (ugkg), 10 H%4
K7, HBGV NEEJE LA FHICRMMERIESE (ngke),
[ (1) & ADIFI{E

[ brbrdE L2121 (1ISO) e, % THQ<1 I,
gt (UUT) P EEE A EIUR S EXAE
e RIS AR IS, 24 THQ>1 I, S AR fi
ARV, N DAL R 12 AT, e
B B AT IR 258 () As Hg TG 3R i BREXURS:
FHIEK (P<<0.05), PTA#HLKIIA R IIZ5H SBo
WA A Pb Cd. As. Hg. Cu Jt&E R THQ<I,
AN EA B A -
F12 20 HHAUREAZHM S 20 HEBR R s THES

BTEH THQ &
Table 12 THQ of five heavy metals elements in 20 batches
of Haliotidis Concha and 20 batches of calcined Haliotidis

Concha decoction pieces

ARWIZH THQ fH 1B R THQ fH
ZTRS) (X107 (X107

Cu As Cd Hg Pb Cu As Cd Hg Pb

1.2 17.6 18.6 25.5 264.8 1.3 9.5 28.6 0.0 382.8
1.3 121 8.6 4.5 3150 1.6 19 100 0.0 3824
1.3 128 94 7.2 2798 1.5 0.1 148 0.0 489.7
1.1 78 04 331493 1.1 0.1 143 0.0 183.1
1.0 44.1 12.0 143 3472 1.2 0.6 19.1 0.0 370.7
0.8 129 44 95 211.7 1.1 0.7 10.5 0.0 277.4
0.7 9.7 7.0 20.2 2083 0.8 0.0 159 0.0 284.9
1.0 10.1 8.8 19.5 284.7 1.0 0.0 10.8 0.0 351.0
1.2 82 39 95144713 0.0 13.7 0.0 188.4
1.2 7.8 44 147 1593 13 0.0 129 0.0 1745
09 11.8 5.8 13.1 198.8 1.0 0.0 89 0.0 525.5
12 09 13.0 11.2 229 1622 09 0.0 13.2 0.0 301.8
13 08 7.8 85 1521953 12 0.0 7.3 0.0 338.7
14 12 6.7 591590 39.1 1.7 109 12.7 2.2 1553
15 05 62 391157 483 1.6 45 146 04 1219
16 1.2 323 13.6 427 883 1.6 152 9.2 1.7 152.8
17 1.0 16.6 7.2 452 325115 56 92 351779
18 1.0 150 49 535364019 6.1 6.0 0.0 386.9
19 3.0 113 46 446 1871 3.6 56 6.6 3.1 1955
20 22 12.0 153 19.6 1858 1.9 11.7 29.4 15.6 148.5

O 0 9 N L A W N =

—_ =
— O

3 it

FRIIE N E WL ISR 24503, [l BT 2h 4
2GRN 2 REAE, LR IRAE, BUAE R BUR
MLV, IR LALLM SN 2504, kR (i
2y ORI A e AR T VR R B, SCRRATE AT

W2 LUBHNEANE. HE TN ERAR, Birg
S5 VS e SCRRAE 7 AR 6 ok B AL s vk B R
BONEGH T 2S8A—, AR i R
o Bk, AHFFTERE T R B T2
(1) B R A IR 21 R RS T 5 5%, JEG TG-
DTA. XRD. FTIR V4t HAARBL R R AR R L 32
TR SO SRR, Ok e LB L, [
i 45 & IEAC 56, R AHP-CRITIC B & INBLE,
PL CaCOs & BRIEAZSE . i NV TR RS, XTI
B BRI IR 2GR R AR 3 AN R AT IEAS IR
W EgE, ikt BB T2, R T ZES
e, A SRR RR S .

FLUR, A TR B A A ) e e v o o O R
0 B B T - K (8- IR 1 - AR, I R =
R, AT AR B TR S A LT 2B, )
i CaCO; BB EE W N 4l1F 1) CaO (KD,
TR Bk REK A B ol 3t 78 B0 R 2R
TR, MBHIE TS 9000 CHY, FRig EHFTEH
CaCO; NiZ58 440 fift, {H TG-DTA. XRD. FTIR il
W45 RATBARAT LI 2] CaCOs IAFEAE, HEME T
CaCOs A FE A BUR KR 5 AE K1 CaO TEAHII
FE 525 W 1) COL AT ML, AT P BRI A0 A2
SRS Z LI CaCOs B8, 4514 1) U 15 1A
YeBTE B ISR T S 5 I AR, BRI A R A 1
THURE FRE P I T AR o RIS N PR A R i 7R LR
R AT AR . 855 BRIBRS: “ IR 2 IR
[ FART AN 207 R/ A S /5 b it N ]
AR PR LR, B0k BB EE 600 CHy
B, B CaCOs MARFIFLA/ R, HIHSCH e 4
AN A AL, AR OSCHE A E A R T
W, A &R 5 25 RIS A R — P AL

BHERPHNESEMEFORIHTSH
IR 2524 BRI, HEAe R NSO &R
B ARIAVE NI DR 2 ARER, Mk
ZXHELE KA E RN . BT R
HIT 31T 8 A0 A ol T 25 % B 4 J XU DR £ A A
M FTHEARBSY, ARSI T YN A7 R B M S P A
HE R KA E G R IEAT R RSP, 2 I AR
FRF Y ESE LA ECRIRE, G 2 #LZHM He
TESE#F (>02mg/kg), (HIEH G Hg 7o
KEEWIER (<02mg/kg); FINHEI L, 4
RRW, B REIR A B2 ZiM ) As. Hg JoE i
RS 35 A%, HT AR 250 500 H ) Pb.
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Cd. As. Hg. Cu JGEM THQ<1, NAFIEEUEK

B o ASHITFT R B At B 240 R R B o B

Al AR R IR 1B IR AR . RS AT dE 2

MR BRI WA= IR 24, B8 &

J& AT T TR AL AR M (8] oA (R, O LSS

LT MR S 26 B R PP SR A SR 2
FlBAR ALY EAREEF SR

SE 3 Ek
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