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Abstract: Objective To apply multiple techniques for the combined characterization of commercially available calcined Magnetitum
decoction slices and to explore the quality evaluation methods for calcined Magnetitum decoction slices. Methods Eleven batches of
commercially available calcined Magnetitum decoction slices were collected. Quality inspections were carried out in accordance with
the 2025 edition of the Chinese Pharmacopoeia (volume I). Thermal analysis (TA), X-ray diffraction (XRD), X-ray fluorescence

(XRF), and Fourier transform infrared spectroscopy (FTIR) were utilized to characterize the thermal stability, phase composition,
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elemental composition, and infrared structure of the samples. Inductively coupled plasma mass spectrometry (ICP-MS) was used to
determine the contents of heavy metals and harmful elements in the samples. The theoretical maximum residue limit value L and the
target hazard quotient (THQ) were calculated to evaluate the health risks. Results The content determination results of 11 batches of
commercially available calcined Magnetitum decoction slices were qualified, but the appearance of 4 batches of slices had a quality
issue of being too red, which did not meet the requirements of the 2025 edition of the Chinese Pharmacopoeia (volume I). TA results
indicated significant differences in the thermal stability of the 11 batches of commercially available calcined Magnetitum decoction
slices. Five batches showed a slow weight loss trend; four batches presented weight loss steps in the temperature range 0of 420—580 C;
two batches first showed weight gain and then weight loss steps in the 420—580 ‘C range. XRD results showed that the commercially
available calcined Magnetitum decoction slices mainly consisted of three phases: Fe3Os, SiO2, and Fe2Os, with significant differences
in the relative diffraction intensity of Fe2O3. XRF results demonstrated that the commercially available calcined Magnetitum decoction
slices were mainly composed of elements such as Fe, Si, Al, Mg, P, K, and Ca, and the relative contents of Fe and Si reached 90%.
FTIR results showed that the commercially available calcined Magnetitum decoction slices exhibited characteristic absorption peaks
of Si-O asymmetric stretching vibration, Si-O-Si symmetric stretching vibration, and Si-O bending vibration in the three wavelength
bands of 1 250—1 100, 800—600, and 600—300 cm™!, respectively, and an absorption peak of Fe-O stretching vibration appeared in
the 540—570 cm™! band. ICP-MS results indicated that among 11 batches of commercially available calcined Magnetitum decoction
slices, three batches exhibited mercury (Hg) content exceeding the limit L with a THQ greater than 1; One batch showed lead (Pb)
content exceeding the limit L with THQ > 1. Conclusion The quality of calcined Magnetitum decoction slices was evaluated based
on the 2025 edition of the Chinese Pharmacopoeia and multiple techniques, with the aim of providing a reference for improving the
quality control of calcined Magnetitum decoction slices.

Key words: calcined Magnetitum; X-ray diffraction; thermal analysis technology; Fourier transform infrared spectroscopy; inductively

coupled plasma mass spectrometry; quality evaluation; health risk assessment
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Table 2 Description test for 11 batches of calcined Magnetitum decoction slices
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Fig. 1 Morphological characteristics of 11 batches of calcined Magnetitum decoction slices
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Fig.2 CIE Lab chromaticity characteristics of 11 batches of calcined Magnetitum mecoction slices
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Fig. 5 TG-DSC curves of calcined Magnetitum decoction slices
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Fe,03 1 Fe-O HIHZRHRENIEAL T 535 em ! ALY,
IHEWT FeoOs B & MK ml e 2 5 BRI A IR 40
RIS Fe-O AZadiRzlids il W i [ & A A2 A
SR AR T Si02 5 3 MR T, 737
A PR BRI T (1250~1100em™). A &55s
JE A4 (800~600 cm™). &5 5RILICHF (600~300
em™ 1) 31, 4% Fr DCS-3. DCS-9 7E 800~600 cm ™!
WA B Si0n (A B REAE T, FHEMNZAR A&
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DCS-11 1 23 4 5 6 7

DCS-10
DCS-9
DCS-8
DCS-7
DCS-6
DCS-5
DCS-4
DCS-3
DCS-2

el NNV

/

1500 1 000 500

v/em™!

8 11 #HUMBREAA TR A FTIR B
Fig. 8 FTIR spectra of 11 batches of calcined Magnetitum
decoction slices slices (DCS-11)

AR LR LW, T3 Si0; £ 800~600
e IR ISCHS (150 XU R AAE A 75 10 -

2.6 XRF 7 #f

2.6.1 WAT7VE EUARIAE G E, TR R
BRI R, EHLINR . XS TAES L X HERE
MESA R, JEXCH R “Auto” £, JLEE 34
FIBL Je 2V F 2 BAER (TD ~ 8 (UD B (Na) ~
BT (Sc)s B (S) ~45 (Ca), HLJEWE 254 50,

4000 3500

Prie B E 9N 4.0~35.0.0~4.4.2.1~4.1 keV,
] 60 s3],

2,62 HiAMHIET. EouRARBLSN R
“2.6.1”7 TR ENETGER (Na) ~Jug (U) Hiii
A BRI TG R AR AR &, KA PCEDX-
Navi Version 2.07 #fE%) XRF REMEIRIEAT 5
Br, FEEE AT AR 7T TR I TR A
SHREDE, B REMRES L 3. GRK
W], Wifi&4 Fes Siv Al. Mg. P. K. Ca. Mn.
Ti~ S+ V. Cr. Cu. Sr. Zr. Ga. Zn. Rb %0 XK,
B4 &4 Fes Siv Al. Mg, P. K. Ca. Mn. Ti.
S. V. Na. Cl. Cr. Cu. Sr. Zr. Zn &%, H
i, Fe. Si NEZEILER, HAITTEL 90%, Al
Mg NIRETLER, SITA TR 4% ~5%. Hiif.
AT ER XS EET 0.1%) TR, K
DUB LA H I Nay Cl JeE, AT AE M5 R B A
FERS A B A RS Nay Cl o, &
SEUBRAGINIX 2 PR .

2,63 MERBLA N TGRAREN ST %I
“2.6.17 TR ENE GER (Na) ~Jo& (U) il
BB ARA It RAR LM S E, XA
PCEDX-Navi Version 2.07 4% XRF K&K 5

15, 15kV, HRKEDHIN 58, 207, 466 pA, K
FEREREE N 0~40. 0~20. 0~20 keV, %

Table 3 Elemental composition of Magnetitum medicinal material and homemade calcined Magnetitum, 11 batches of

BEAT T, 4

R3 HAHBMERESEEA. 1 ItTEREATRA TRER

commercially available calcined Magnetitum decoction slices

R 3. A WL A RO 35 o
%A Fe. Si. Al. Mg. P. K. Ca. Mn. Ti. S\ V.

i 7 4%

X

fhi Fe Si Al Mg P K Ca Mn Ti S V Na Cl C Cu S Zr Ga Zn Mo Rb Ir Ta
BiAZGH 75.850 15.692 3.574 1.375 0.422 0.997 0.628 0.261 0.139 0.829 0.102 — - 0.030 0.014 0.028 0.008 0.010 0.014 - 0.027 - -
H G REA 75356 15.852 3.213 1.486 0.859 0.887 1.083 0.212 0.123 0.400 0.109 0.163 0.157 0.031 0.013 0.023 0.006 - 0019 - - - -
DCS-1 59.797 27.545 7.322 1.567 0.405 1.450 0.753 0.378 0.185 0.300 0.099 — 0.124 - 0.020 0.017 0018 - 0019 - - - -
DCS-2  67.386 21.478 3.719 3.013 0.480 1.123 0.860 0.432 0.135 1220 1.220 - - - 0021 0018 0.007 - 0010 - - - -
DCS-3  63.219 25.597 5.387 2.085 0.422 0.868 0.802 0.355 0.149 0.933 0.082 - - 0.026 0.021 0.018 0.014 0.008 0.013 - - - -
DCS-4  71.999 20.307 4.229 1.098 0.361 0.493 0.619 0.088 0.140 0.231 0.087 0.245 - 0.040 0.017 0.016 0.016 - 0012 - - - -
DCS-5 62793 27.008 5.794 1.062 0.446 1.010 1.034 0.126 0.208 0.205 0.080 0.122 - 0.028 0.021 0.019 0.023 0.006 0.013 - - - -
DCS-6  67.886 21.334 5.200 1.324 0.649 0.863 1.559 0.081 0.163 0.330 0.113 0.316 - 0.029 0.022 0.032 0.014 0.009 0.034 0.009 0.030 - -
DCS-7 64272 25.555 4.368 1.681 0.382 1.458 1.179 0.374 0.194 0321 0.088 - - 0.028 0.017 0.021 0.017 0.009 0.010 - 0.027 - -
DCS-8  66.675 25.149 4.548 0.915 0.377 0.701 0.869 0.100 0.162 0.113 0.083 0.164 — 0.027 0.019 0.022 0.016 0.007 0.013 - 0.028 0.012 -
DCS9  67.617 25.495 3.930 0.696 0.323 0.362 0.753 0.101 0.159 0.162 0.093 0.145 - 0.029 0.016 0.017 0.012 0.006 0.013 - 0.023 — 0.049
DCS-10  67.824 22391 5.490 1.234 0.426 1.149 0.833 0.130 0.179 0.101 0.115 - - 0.029 0.018 0.020 0.015 - 0013 - 0030 - -
DCS-11  66.583 22.727 4.279 1.528 0.490 1.287 0.956 0.275 0.179 1.486 0.100 - - - 001400200007 - - - - - -

“—” means not checked out.
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Cu. Sr. Zr, E, Fe. SintH=2TEILE, 45
JIT A TCE I 90%; Al. Mg, P. K. Ca &2 METT
=, B ICEN 6%~ 11%. MK AE S Cl.
Na. Cr. Ga. Zn. Mo. Rb. Ir. TaZEJt&, WK
A DCS-3~DCS-5. DCS-8. DCS-9 & Na 7T,
W DCS-1 &4 Cl i, A DCS-3~DCS-10
A Cr jt&, A DCS-3. DCS-5~DCS-9 &4 Ga
JLE, W DCS-6 %H Mo t&, KA DCS-6~
DCS-10 %4 Rb 7&K, K4 DCS-8 &H Ir LK,

W H DCS-9 %4 Ta JLE -

2.7 ICP-MS ##h

271 AR A A%

(1) Au BTRMEER: HEER Au 0%
PRETRTR, BT 50 mL 2, I S%EERE R
BEZIE, #HIE Au 1.0 pg/mL [ Au % & V5,
ey, B,

(2) Pb. Cd. Hg. As. Cu B EMER/IER: K
ZEH Pb. Cd. Hg. As. Cu H.70 R ARAEE W 51
BT 5 A, N S%mBRis B2 2L, 5,
324 Pb 1.0 pg/mL. Cd 0.5 ug/mL. As 1.0 ug/mL-
Hg 0.1 ug/mL. Cu 50.0 pg/mL (¥ 570 2 ik & I -

(3) Pb. Cd. Hg. As. CulBEME&IER: ¥
HEIE P ITR MR, HP P i &V (0.
0.05. 0.25. 0.5. 1.0mL); Cd ¥ (0 0.05.
0.25. 0.5, 1.0 mL); Hg fif & (0. 0.1, 0.25.
0.5, 1.0mL). As fif & (0. 0.05. 0.25. 0.5,
1.0mL). Cu fi & %W (0. 0.05. 0.1, 0.2, 0.5mL)
BT 50mL B, 0 Au % VE 200 pl, fn 5%
THIRVE AR R ZIFE, $85), #4155 Pb. As. Hg.
Cd. Cu FrifEVEW, RATEIRE 7N Pb 0.
1. 5. 10. 20ng/mL, AsO. 1. 5. 10. 20ng/mL,
HgO0. 0.2, 0.5. 1. 2ng/mL, Cd0. 0.5. 2.5. 5.0.
10.0 ng/mL, Cu0. 50. 100. 200. 500 ng/mL.

(4) In. Bi. Ge IREMEAHR: %R In.
Bi. Ge LT EbMERR, BETR—2/T, 5%
THER I, PR | pg/mL TR A PR UEE TR,
ey, Bfg.

2.7.2 AUV H S BURFIURE S 0.05 g, K
WhRE, BETWEES, JHKIUNA 3 mL HNOs.
3mLHCl. 2 mLHF, T#f# 20 min 5 B
FROCTHERE, W, B, TEBRACHERR. I Au $
TCEMEEEM (1 pg/mL) 200 pL, 5L 5% T
100 mL S E R, B RIERMmRE, &H. HfK

. B KIE S EFHER 30 kPa/s, HAE ST 2 000
kPa, B KT 950 W, ZLAMNEIERRIE 140 C,
P R P FRAE 200 °C, BARIEERE TP : ThE € 500
W. 10 min; {REFIIZ 500 W. 5min; ZhZIEH 900
W. 10min; fRFFIIZ 900 W. 25 min; A %155 C.
273 U TAESH FEF AR @D B
& 15.0 L/min, f#BHME (70D BEHE 1.0
L/min, FALSAARRRE 1.0 L/min, FM2/ARAR
HMUAE 1.0 L/min, $E30RFEEN 0.1 /min, FHE
WAL 2.0 °C, Fill Ak, R R 3
W\[lé]o

274 ZMERRFEL 4 HIURE TCRIRHEER A
WHREE,  EALI, DR VAR 5T Bk i oA
AFR (XD, WENAE PSR (YD, Zehilbrifk 2,

HATEAE RN, 15 EHT7 5 4108 Pb Y=0.015 8
X+0.0054, r=0.999 8, £t 0~20.00 ng/mL;
Cd Y=0.0043 X+1.4894X 1075, r=0.9996, it
0~10.00 ng/mL; As Y=0.005 8 X-+9.1903X 1073,
r=1.000 0, Z&PEVEFE 0~20.00 ng/mL; Hg Y=
0.001 8 X+3.4420X 1075, r=0.999 1, £k 0~
2.00ng/mL; CuY=0.0582X40.0256, r=0.9998,
2R Y5 E 0~500.00 ng/mL; Pb. Cd. As. Hg. Cu
()€ EPR 508 0.103 7. 0.0123. 0.8524. 0.039 4.
0.229 9 ng/mL.

2.7.5 RESERLG  HUDCS-2 s, AL
W, ESLHFE 6 I, 115 Pb. Cd. As. Hg. Cu 5
Fhon R MFIR R 75055708 10.08. 0.06+ 18.65,
0.18+ 10.51 nug/g, RSD 73414 1.6%- 6.8%. 1.5%-
4.9%- 1.7%, ZERFTIHZAGSFEEE R

2.7.6 FawthileG  HDCS-2 W, 8T
H 0. 20 4. 8. 12, 24h Jadk T EALIE, %A
FRfEh &Rt E & TR S E IR I RSD 5, Pb.
Cd. As. Hg. Cu 5 FiycZ& 1 RSD 7514 3.5%-

5.4%- 4.2%- 6.8%- 2.2%, GERFWZITIERENE
L3 SR

277 BEEMWRE  FEEPEL6 £ DCS-2 #ih, il
AHEA S, AL, 15 Pb. Cd. As. Hg.
Cu 5 Pz B F B &% o8 10.82. 0.07.

20.52. 0.30. 11.50 ug/g, RSD 454 6.0%+ 9.3%-
3.4%- 7.0% 2.1%, ZERFIZITERERE MR
2.7.8  IOFERICRRLS  FEEARI S A% TR
M) DCS-2 £ 6 1, Y 0.025 g, IIASHE
i P TR BB A M IR U R bR, At
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WA, EHLIS, THE Pb. Cd. As. Hg. Cu
5 Pyt E B I0RE IR 73008 97.4%. 112.5%.
93.5%+101.6%- 100.6%, RSD 73714 2.19%. 8.63%-
3.08%. 7.9%- 0.93%, TFHEESHTER,

2.7.9 AN JEESE A ETRB NN
MR “2.7.27 “2.7.37 WUR 7l e A B
WA Cu. As. Cd. Hg. Pb5S T RMEE, 45
RWFK 4. 57K, SHAMIL, BRAF Cu.
As. Cd. Hg. PbSFcEM &R EFMK. H,
As BRI HZ, BT 3111 pg/g; Hg S EHIE
FH 9.76 pg/g WD E 0.39 pglg: B As. Hg 4k, Cu.
Pb. Cd AR, alb 2 2.68. 20.64. 0.03
ng/g. EREW, ERBRFEREA k> Cu. As. Cd.
Hg. Pb FHEERAAHF TR E.

x4 HABHMEE®EEA. 1 HHEREAIRES
Cu. As. Cd. Hg. Pb EEHH
Table 4 Contents analysis of Cu, As, Cd, Hg, and Pb in
Magnetitum medicinal material and homemade calcined
Magnetitum, 11 batches of commercially available calcined

Magnetitum decoction slices

i B (ngg ™)

it

Cu As Cd Hg Pb
WAL 731 4191 008 976 29.59
=Ekilbeqes 268 1080 0.03 039 20.64
DCS-1 1827 28.69 041 3855 19.14
DCS-2 1056 19.13  0.07  0.67 1230
DCS-3 39.84 1474  0.10 3.08 17.71
DCS-4 1077 3181 0.1 1829 17.42
DCS-5 746 2684 0.09 027 15.15
DCS-6 3399 2532 021 045 4852
DCS-7 1242 2379  0.08 1492 14.68
DCS-8 11.66 30.18 0.07 042 1572
DCS-9 1152 2180  0.10 2063 1595
DCS-10 2237 4860 025 355 38.14
DCS-11 19.63 6931 0.15 043 31.62
L 149042 8943 2474 1699 38.75

2710 TEBHEARA ESE LA FELRTES
ro ChEZ) 2025 FERRFLE, HEJE KA EIC
RS IR SR SEA M RO GEZE A
13313 5 mg/kg, FARIT 1 mg/kg, HATRIT 2 mg/kg,
KA 02 mg/kg, FAFIT 20 mg/kg” 17, ZIR
B SEMNE Y2, TR ER . AR
FAZHR “2.7.27 “2.7.37 LUR 732, WlsE 11 #kiids
BAR AN ESEMAFCRERE, R (PHE

Zyg) 2025 FERRPYARIEN] 9302 2454 EH B VIR
EilER SRR “2 5L B LAEETR”, HH
HE R MH ERREKNREIRRE (DU, Y1255
1 11 MBHA R h I E S8 A F Rk E S
o, ERIE 4, HEHELAL (D,

L=A4X WI(MX 10)X AT/(EF X Ed) X 1/¢ (D
L ERIRE I E (pg/g), FRRTEBRA U sh 5P e
R BT FH YR RV B E G 4 N
HARrEAE [ug/(kegd) ] W AEFEHERE (kg), —
e 63 kg s M OAMBREA O R H NS5 IR #) e R
(g/d), BEANIHEGHER 1.5~3.0g, A PRI
3.0 g 1S, AT NP KRB —M 365 d/4F- X 70 4
10 Jy AT, Fonts H i 2id &S I R 2
REEARTHERER CBRFEEWRRAA 1 10%: H
P K& AR PEA O EAE 11 MRS 20
917 AMEE A BH SR E B, EF 1 P95 7 AifE N
4 90 d, Ed K 20 4, FoRPAM O IRATSIER S 90
&/, AR T A B EE AR IR 10 4F

gk, 34t (DCS-1. DCS-4. DCS-9) &
WA A He & &by, | #fUBHEA R (DCS-6)
Pb SENR, HRWAEEE A FoR & EHE
PR B FEARAE TGN
2.8 [EEATR R R XL,

AHFFCRR “HRE A T, FR IR XS
PEAG ) 4 DNEEADER, RIEE . faFRERHIA
T 5 VPl AT XU R AE R IR 201, ok B TS B s A
A H Pby Cd. As. Hg. Cu {85 KB TPRAl -
2.8.1 faFRH B PSR Pb. Cd. As. Hg
FHEEE A F R L FE e MR, K
B v 58 S EWUA S AR ERY, Cu B2 ANEY
TMETTR, HIEERWEATSEMN. B R
%‘:[22]0
2.82 fEFRHERAE  ARIE R B I B B
TR R A TR, PR WA FAE K (no
observed adverse effect level, NOAEL) 5@ Ff5
31 (health-based guidance values, HBGV), —&
PLREH Al 523 N & (provisional tolerable monthly
intake, PTMD. %} H & KMif 5% N & (provisional
maximum tolerable daily intake, PMTDD). & H %1
A& (allowable daily intake, ADD) F/R[l, K&
FELRR £ B ARl 2H 27/ 5 T A 20 236 i s 7 B
LRE 4 (Joint FAO/WHO Expert Committee on
Food Additives, JECFA) #lE Cd i) PTMI %
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25 pg/kg, Hg 1) PTWI Jy43)E 4 pug/kg, Cu ) PMTDI
FEEH 50~500 pgkg (AR FRYN 50 pg/kg) B4,

XF TR AL B R (e e SR T R, A
T Fi Rt 7 T A 4121 (World Health Organization,
WHO) & H ¥ BN O I 280 B 1 26 Wi e ik
7 & R (BMDLo) fH 1.3 pg/kg fl As &
FU i R LEARRMA G K 0.5% IR B E 77 & TR
{ti (BMDLos) & H 3.0 ug/kg /£~ Pb Hl As (i
TR HE R R 2R

NIEJE SIS, % I0ER K HBGV 4i—1% ADI

1%, Bl Pb. Cd. As. Hg. Cu ff] ADI & )2 519
1.3, 0.83. 3.0, 0.57. 50 pg/(kg-d).
283 ZHFIHM HTEERELAFETRFLEY
B, ENETRRE, TR P E g
(K BT, AHFTUHEREFZE (exposure
assessment, Exp) THHEFER, WAz (2).

Exp=EF X Ed X IR X CX t/(AT X V) (2

A0 (2) o IR Jydk NI AT AR A ) KR &
A (D FHM (gd); C Nk k)
Hp R M FE TR EM (mg/kg)s 1 NELHIRE
ST IRBUS E R A FEIUR IR, KRBT
DA R AT TR N2 ], DONEER N 1 Z4EF.
ED. AT. W & PE “2.7.107 Til.

284 S PEAL ARG H RH (target hazard
quotient, THQ) 7Ef&E#/# (hazard entropy, HQ) [
Al BEbS T RERES L RBOVEER KRR
TR — o AT EE XM RE (the
United States Environmental Protection Agency ,
USEPA) BUH) THQ PP T9%, X 1l A ik
Fr oL AR T TR IE B RS R AL AT A
WAz (3.

THQ=Exp X 10/ADI (3D

AR (3) o1, Exp Ml ADI (EPAZ 1 41 A)
HI ALY ng/(kg-d), Fom MR HEET 50 EAR )
R BN H AT R ERRRAR; 10 A%
ST, FontEH i s th IR E s A
TRBEARNTHERERE (BRHEWMIHO
1 10%171,

AR5 (5 245 i < Je PR [ b fE (IS O 18664
2015)) M, THQ<1 B, Ay A4k G ) 5 4
B0 N RERIE T 5, 2 THQ>1 I, 3£
HIAFAE R, T DAY, AR R 5. 43RG,
FTA YT Cus Asy Cd ¥ THQ 3/hT 1, KU AL

x5 HiABMRBEEEA. 1 itHEREAIKAFE
ERMABELEN THQ
Table S THQ of heavy metals and toxic elements in
Magnetitum medicinal material and homemade calcined
Magnetitum, 11 batches of commercially available calcined

Magnetitum decoction slices

THQ £

Cu As Cd Hg Pb  THQ

WA AES  0.004 0.468 0.003 0.574 0.763 1.812
H &4 0.001  0.120 0.001 0.022 0.532 0.676

%

DCS-1 0.012 0.320 0.016 2.268 0.493 3.109
DCS-2 0.007 0.213 0.002 0.039 0.317 0.578
DCS-3 0.026 0.164 0.004 0.181 0.457 0.832
DCS-4 0.007 0.355 0.004 1.076 0.449 1.891
DCS-5 0.005 0.300 0.003 0.015 0.390 0.713
DCS-6 0.022 0.283 0.008 0.026 1.252 1.591
DCS-7 0.008 0.266 0.003 0.878 0.378 1.533
DCS-8 0.007 0.337 0.002 0.024 0.405 0.775
DCS-9 0.007 0.243 0.004 1.214 0.411 1.879
DCS-10 0.015 0.543 0.010 0.208 0.984 1.760
DCS-11 0.013 0.775 0.006 0.025 0.815 1.634

%; Wik H DCS-1. DCS-4. DCS-9 #1, Hg ] THQ
¥)>1, A DCS-6 + Pd ] THQ>1, 5 “2.7.10”
TR 25 R —8, PR RO B A YR He. Pb 1)
R L S

THE R K E R REA T THQ, 453 W3 5.
SRR, MU R ) THQ<1, MBFEK,
KMH E R AES R KA E TR S EHERE
X, REA R A R XS
3 it

2K 2 b M4, Il PR S, FH iy 7 4 M
ilo & S TEA b B B, KR,
HRR R RN TREA S A BRSO
A TERMHIM, Sl HRET (1D 2590 Hlk
Wi ET¥mEs (2) websibrZaHEnR: (3)
SR U L PRSI R, MR M S
JFIHLERIG . A a0 Fe GBS HE R A
JGE As. Pb. Hg ¥ H 25201,

CHEZ ML) 2025 4RO R 2L 550
ORI SRR IER, STRIBN I E B AR
o, IR CEABR, AR RTR, B, T,
FIRREAT R 7 171, 848 T AR A M) B o M A 1)
M 2 e AR . BT, WA SR YR R 2 AT
FE (1) MR R Z S B Kk i . M 2 i) =
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TRFERR, (20 TR B EARAE H AL Gr e 56 1 W i
A “TRR 2507 s — R R b, (EfF M
it T AR KPR

AL 11 M EBRA O, B
(FPEZH) 2025 FERR— IR R BB O R
&, FHRA TA. XRD. FTIR. ICP-MS A EAE
HERERT . 450, AT, g R EIR, 11 it
BRI A 6 KT HEIRAR &%, fEEB
WS . TA G558 E7R, 11 & Em
BRAERESR, REGMEHAE X, #F
EMZR K, XRD S5 8 878, 11 AUB AR
H Fe304n SiO2 & FeO3 ¥IAH, {HAE 20=33.2°4b 1)
Fe O3 FrAE AN TH MR EAFAE £ 7, FerO3 I &
EAEZ S« XRF S5 R oR, 11 L SBREA RO o
RAHRAEL, EEICEA Fe A& ERT 75%)-
Si (A& EL 15~16%), WMEITLEA Al. Mg.
P. K. Ca (FHXI&E S 6%~11%). FTIR 4558
N, 11 T BB RE A TR 1 Fe-O 4R sl (1 I
U4y 540.22~570.86 c ™!, Hf 7% FH Fe;04 FF Fe-O
{5 IR0 R SIEAE 570 cm™! £ 45113), Fe,Os 4 Fe-
O [HEEHREN RIS IELE 535 cm™! 24504, 20 4M A
7E 540.22~570.86 cm! AL FIIRISIE AL 5 T FesOan
Fe,03 2 FH 4 Fe-O M4k, FeOs HIF &
AT BERZIA Fe-O {454 3N IR e

WAVE RN R, SHRZEERIAET
F, AR E R, Jafl B A MR E S
B EAECREGE, EARMG T 2S5, A
A R )0 3 B mATAE 2 7 BT, SBUBREA TR
(&R MR E T RREAAR . A AR
(hEZGL) 2025 FERRPUFBIUR 77k L7, 45
SRR 1 MBS O o 3 O B Heg &
BAT L, THQ>1; A 1{#{KAKI Py SEKT L,
THQ>1, #&/R"M % Hg. Pb JC & & &R ) T L
KiE

gi b, ARBFFOR 11 e BB LA TR AT R
BRI, AT 1 TR O AR E
YA TCRA R LANERAFLER R, e
T 1 WEBHARANESEXEE LR SR
X AT (e RS VA, B EE e A B A T A
PR ALER, AREIRIRA A 2Rt S5,
[ I MR A O R I T B 1) R, R ARME— IS,
AT YIRLM . R FERBEN4EY, Fi
Ay B AR 3@ T o B A R R 1 22 R ) R )

WHFE, REME N HABT WIS ARE . AR R RV
Yk R PR BB R A 7572
HBEFAR AL FAREENNEFR

S Lk
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