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Abstract Objective: To analyze the differences in Zhufuling [poria cocos (Schw.)Wolf] decoction pieces
obtained with different processing containers under drying temperatures, and to establish the evaluation method of
its X-ray diffraction (XRD) fingerprint and the determination methods of heavy metal content, which could
provide the reference for the selection of processing container and drying temperature of Zhufuling decoction
pieces. Methods: The main phases of 16 kinds of prepared Zhufuling decoction pieces were retrieved by XRD
powder diffraction. The contents of heavy metals contained in 16 kinds of prepared Zhufuling decoction pieces
were detected by ICP-MS. MDI jade6.0 and Origin 2019 software were used to overlap the XRD fingerprint of
Zhufuling decoction pieces, moreover, the common peaks were identified and the similarity was evaluated using
Excel, Weka software, SPSS18.0 and the Unscrambler software were utilized to carry out decision tree analysis,
cluster analysis and principal component analysis respectively. Cluster analysis and principal component analysis
of the determination results of heavy metals were conducted by SPSS18.0 and the Unscrambler software. Results:
The study has yielded XRD fingerprints of 16 kinds of Zhufuling decoction pieces; the similarity of the decoction
pieces processed from glass and casserole was higher than that from stainless-steel bowl and iron pots; the results
of decision tree analysis, principal component analysis and cluster analysis were basically consistent with the
similarity evaluation results, when stainless-steel bowls and iron pots were used for processing, chemical changes
might happen in some ingredients of cinnabar contained in Zhufuling. ICP-MS was adopted to detect the contents
of five kinds of heavy metals in the decoction pieces, the results of principal component analysis indicated that 16
kinds of herbs could be classified into three categories, among them, the decoction pieces processed by glass and
casserole belong to one category, the clustering results were basically the same with the results of principal
component analysis; the contents of Hg were different in the decoction pieces obtained by different processing
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containers under drying temperatures. Conclusion: XRD fingerprint and ICP-MS analysis, showing high-

specificity, the accuracy and reliability, could be used for the identification and quality evaluation of the decoction

pieces obtained by different processing containers under different drying temperatures.

Keywords Zhufuling; processing container; drying temperature; X-ray diffraction fingerprint;

inductively coupled plasma mass spectrometry
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HANTL AR D P, AR R PR 3 T 28 A0t G 2
K, HAWHERE , RO TR o SR 5 A%
FREK GRS 1 g, A T8 H 1818
TEARZR A b OO TN N IR Z AR A AR D HE TR
IRZEAR b AR RS HAT 58 B » 4k SR 52 TR 2 M il
R 2 min, MR BRI S EETERZE IR B, B
il 4 B R AR Z AR 7 T A AR B (40 °C L, 50 C,



‘EP%F‘*(%@ 2025 F E38EH M

% 8 >t - 3 -

60 ‘C,70 CHHEF.

SRARZE R I 0RE ot 1) 2% < B B O 16 Fhopfa ]
U IR IRZE R A, B s e e 5y 1, BF 4 s, i
120 H i , #1516 F A& AR 210 XRD I A 3K 4
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2.2.3 PHHBAFAHTRBEGESL KA
Origin 2019 B 2F, AAS [A) J6 ) 7% 248 4 i 15 21 (1)
JRARZE R R 110 XRD A7 5 B o, £ 3% U 1) 20 DM it
AL R X, U THT AR AE X 50 B T/ 1, A AL KR Y, 40 0l i
HICPSSEORI R AT 2. 13 BP0 R I RS LI 4,
A O R DL 5

13500~

12000- /\~’“’//“\NJb”k“*“~*-«m.imu_,~“_~,,,_,,,,ﬂ__*

s1

10500+ ,\/_~,4;Q§:}Au —— <

ot N S,

9000- f\,“,//m\\kukﬁ~m‘~%x\‘ﬂ«~q‘“‘~Aq S4
7500-

(

 6000-
4500~
3000-
1500

0 10 20 30 40 50 60 70 80 90
HITEE ()

B3RO ) XRDAT A4 i

20000 -

15000 A /\

ER

-
5000 1 MMW

0

0 10 20 30 4 5 6 70 8 9%
HEBE ()
B4 SRIEEAR Fr 34 (B % B XRD 47 4 46 4 B i
15000 -

" 10000 A / /\\\/L(
’ 5000 - w L
\\MM

0

0 1[0 2IO SIO 4'0 5IO EISO '70 I80 éO
Hi L E ()

B’S SR BAR B P A #oxd B XRD AT 4 46 40 i
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2.2.4.1  XRD fi7 5 B 45 0% 1R A% E AE Jade 6.0 %K
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TN, T/T, A 58 . 2% FF b I {E 20 A2 & XRD 43 B , — M il ik 2 25 R AR W& 1) 20 5 d i X6 ok
MR d LR 1o X FARAIREE XM EFHH IR A1 FORH B VIR , AN BRI A R X N
FT1 16FhRBER IR BIXRD £TEHE S B2 6 Fnd{E

W5 ¥ S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11  S12  S13  S14  S15  S16
20 26.66 26.64 26.64 26.58 26.58 26.54 26.62 26.72 26.74 26.56 26.60 26.78 26.64 26.62 26.64 26.90
d 3.34 3.34 3.34 3.35 3.35 3.3 3.35 3.33 3.33 3.35 3.35 3.33 3.34 3.35 3.34 3.31
20 28.36 28.30 28.30 28.30 28.28 28.20 28.28 28.32 28.34 28.32 28.26 28.48 28.32 28.32 28.28 28.54

1

2 d 3.14 315 3.15 3.15 3.15 3.16 3.15 3.15 3.15 3.15 3.16 3.13 3.15 3.15 3.15 3.12
3 20 31.40 31.34 31.36 31.28 31.30 31.26 31.30 31.38 31.42 31.24 31.28 31.46 31.30 31.32 31.34
d 2.85 2.85 2.85 2.86 2.86 2.86 2.86 2.85 2.84 2.86 2.86 2.84 2.86 2.85 2.85
4 260 38.04 37.96 37.98 37.92 37.96 37.89 38.00 37.98 38.00 38.17 37.97 37.93 38.02 38.13
d 2.3 2.37 2.37 2.37 2.37 2,37 2,37 2.37 2.37 2,36 2.37 2.37 2.36 2.36
5 20 43.70 43.74 43.80 43.64 43.74 43.62 43.68 43.76 43.84 43.68 43.62 43.90 43.62 43.70 43.76 44.00
d 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.06 2.07 2.07 2.06 2.07 2.07 2.07 2.06
6 20 44.84 44.77 44.86 44.74 44.82 44.84 44.90 44.78 44.86 44.66 44.76 44.78
d 2.02 2.02 2.02 2.02 2.02 2,02 2.02 2.02 2.02 2.03 2.02 2.02
7 20 45.90 45.94 45.94 45.82 45.88 45.86 45.96 45.94 46.04 45.84 45.82 45.98 45.82 45.90 45.96 46.06
d 1.98 1.97 1.97 1.98 1.98 1.98 1.97 1.97 1.97 1.98 1.98 1.97 1.98 1.98 1.97 1.97
g 20 51.88 51.86 51.86 51.86 51.90 51.80 51.74 51.84 52.02 51.78 51.70 51.90 51.90 51.90 51.90 52.10
d 1.76 1.76 1.76 1.76 1.76 1.76 1.77 1.76 1.76 1.76 1.77 1.76 1.76 1.76 1.76 1.75
9 20 52.84 52.80 52.90 52.80 52.78 52.78 52.84 52.94 52.96 52.74 52.78 52.96 52.86 52.92 52.86 53.02
d 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73
10 20 54.80 54.74 54.74 54.68 54.66 54.66 54.72 54.76 54.84 54.62 54.68 54.78 54.74 54.74 54.78 54.90
d 1.67 1.68 1.68 1.68 1.68 1.68 1.68 1.67 1.67 1.68 1.68 1.67 1.68 1.68 1.67 1.67
1 260 58.38 58.47 58.34 58.32 58.32 58.46 58.36 58.50 58.36 58.41 58. 61
d 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.57
12 20 59.18 59.13 59.09 59.06 59.33 59. 38 59.31 59.18
d 1.56 1.56 1.56 1.56 1. 56 1. 56 1.56  1.56
20 59. 30
13 d 1. 56
20 64.53
1 d 1. 44
15 20 65.26 65.30 65.22 65.22 65.16 65.17 65.14 65.16 65.30 65.10 65.30 65.14 65.28 65. 30
d 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1. 43
20 66. 79
16 d 1. 40
17 20 70.02 70.07 70.14 70.00 70.08 69.95 70.24 69.95 70.18 70. 04 70.12 70.12 70. 21
d 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1. 34 1.34 1.34 1. 34
13 20 72.48 72.44 72.34 72.42 72.46 T72.43 72.59 72.38 72.50 72.42 72.60 72.46 72.40 72.38 72.66
d 1.30 1.30 1.31 1.30 1.30 1.30 1.30 1.30 1.30 1.30 .30 1.30 1.30 1.30 1.30
20 12. 74
19 d 1. 30
20 20 75.68 175.72 175.68 75.58 75.72 75.72 175.62 75. 88
d 1.26 1.26 1.26 1.26 1. 26 1.26 1.26 1.25
20 80. 44
2 d 1.19
2 20 81. 86 81. 87
d 1.18 1.18
20 83.32
23 d 1. 16
24 20 86.41 86.58 86.90 86. 38 87.14
d 1.13 1.12 1.12 1.13 1.12
25 20 88.75 88.54 88.60 88.41 88. 45 88.71 88.61
d 1.10 1.10 1.10 1.10 1.10 1.10 1.10

VE R I AR A (S1~ 54,40~ 70 C) B E] (S5 ~S$8,40~70 C) 454w M 4 (S9~S12,40~ 70 C)Fndk
48 M 4| (S13~516,40~70 C)

2.2.4.2 “PHEMPLHSCAEE R Jade 6.0 T U F S — T AR BE, BB R H) . R K TR
AR R AR AR A 1F) XRD [ 1% 33k AT - 04 4k 22, [ Tb XRD B3 2~ 45 8045 v A oxk H XRD A7 5 1B 1%
i 5 N T~ 25 B30t HEE Pl 3 AR o o7 BOnS TR P o IR TN Jade BAF, 3R AT TGRS L AR YE T AR T 3R
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AT U, BEAT N B AT, SRAG AT U B B SO0 i lkljﬂl%jﬁélqﬂqﬁﬁfwﬁ"]m%,@ﬁﬂ?ﬁpﬁ:sm?ﬁﬁt
FE, WA 2. Bt B3 uEf B WK 6. K6 U, PR AN & T LA 0
R2REEIRH BERERI(2 0 ) FAARIIRRE 1/1,
HtHE 20 d S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11  S12 S13 S14 S15 Slé6
1 26.653.35 84.5 86.0 91.2 88.4 86.8 89.9 87.7 92.1 90.1 92.0 98.7 90.6 94.5 97.6100.0 83.2
2 28.323.15116.5112.2127.0 118.3 123.9 127.8 119.6 120.0 106.5 129.6 139.1 113. 0 147.0 164.8 143.0 126.5
3 43.942.07 72.5 67.1 80.2 72.1 55.8 68.6 83.3 79.8 52.0104.0 79.5 88.4 58.0 73.3 81.0 85.7
4 45.911.97 61.3 58.8 72.5 74.1 56.5 58.5 61.0 78.3 70.0 79.6 77.3 86.3 69.3 62.9 70.3 86.9
5 51.871.76 55.4 55.4 58.9 62.9 53.7 52.6 50.3 64.0 56.6 62.3 52.6 72.0 65.1 58.9 57.7 71.4
6 52.861.73 47.7 46.6 64.6 59.2 46.2 54.5 47.7 60.6 49.5 63.2 51.3 81.2 49.5 51.3 53.8 71.8
7 54.741.68 110.7 101.5154.2 125.0100.7 113.2 108.4 140.5125.2 130.6 113.2 177.9 130.5126.0 122.9 167.9
Lo HH A 56 R4S P15, S12 RTS16 [ AH 2% R 5L
/\ |/1 /N T 0,910, T 16 473 2K 1R 25 0 8] 5 1 8 A AR 5%
i A K 9 1F0. 980, AL A A ARSI 51112
w ] ) J W W/ 34 G3AT, PR S AR ARSI 1 XRD 4R S . [ I
= W\ ,/u/ d AT AR B 5 HH AN 5 A0 B R Bk R M ) BT A R R R
B — Fr e ARG R RS/ T 0. 960,
030 0 2 N 4 N & 7 & 2.2.6 ALK AT 4RI LL 16 R TR B IR
HEBEC) XRD 45 S Bl 1% A7 W Ry A6 9 B2 1/ 1, 978 &, 1) H

Bl 6 RIEXKFEAFENE
2.2.5 MPEIRN CRHEASINFEERRIAR
TR R B e g B, BR 4 2 IR ZEIROR XRD 45
QXIEI%EP%%fMW%M(%/ )RS R CT/T),

LA EBIME A S B, SR Excel 43 Rk 5% FF i

% 28 B A RE (I A AR 54D o« ARABLRE T 5345

RUHK 3.

*3 MHENETEER
ne FHHOE AL $ ik
RARE HMERREHK KARE MXAH

S1 0.9992 0.9919 0.9996 0.9955
S2 0.9980 0.9788 0.9983 0.9827
S3 0.9966 0.9700 0.9958 0.9627
S4 0.9990 0.9952 0.9987 0.9915
S5 0.9946 0.9557 0.9944 0.9534
S6 0.9979 0.9817 0.9977 0.9791
S7 0.9963 0.9614 0.9972 0.9711
S8 0.9980 0.9794 0.9978 0.9769
S9 0.9945 0.9479 0.9938 0.9405
S10 0.9948 0.9460 0.9956 0.9556
S11 0.9953 0.9535 0.9961 0.9413
S12 0.9838 0.8308 0.9825 0.8175
S13 0.9942 0.9592 0.9936 0.9538
S14 0.9908 0.9579 0.9908 0.9571
S15 0.9976 0.9387 0.9980 0.9525
S16 0.9911 0.9079 0.9901 0.8980

Weka 3.7.13 % 4 # 17 BE WL & 4 #7 (random
tree), KM Training Set #&=X#EAT 447, LA o3 #fr
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R S AR T 5 AL, 43 SN 3 R LA 0 1A
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2.2.7 RESH  EFERRZU I XRD A7 4
fear Btk b 7 AN S g, MR BE AR 2 i i,
SPSS 18.0 K {4 # 1 R 4t % 28 (hierarchical
cluster) JFiEX RIRE AT R L, BB R K
HTEE R ILE 8. BE A RN, MIEE N1
I, S1F1S2 H—2K,S11AISIS N—3K YFEE K2
BF,S1.S2 F S5 9 —2%, S3 Fl1 S4 S — 3K, S6 I S7
N2 [ PR N 3. 51, FEdh S1.S2 5 S5.56.S7
K MR B A 4.5, S13 F1S14 R —3K,S12
FIS16 N—35; MFE B A 51, S3.S4 A1S8.S10 Ky
— 2K MR A6, S1.S2 F1S5.57.58.S9 N —
2%, S11 A1 S13.S14.S15 R —2K; 2 E &l 25 i,
i REf A — 2K, X85 R, nT LRI Y
SE B EE A /N I, 35 38 PR R A % g A ) ) SR AR S R
F A b U R — 28, AN X g AR Ak i e ) 1 R R
TR RE S IE R — 2, [ IR 1) B 0t 35 P A B 1
RARZAR A VAN —2K . U HIAS [ 4 1] 25 8 AL T
U FE A5 2 1 XRD 1% B — 8 Xl . k&5 R S5 Ba L
A TR - 7 Nkt
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W8 XRDIMKEE IR

2.2.8 ERHH4MN 4 HILL16 I R AR E R
XRD 7 5 $6 S0 B 0 S A W P AR X R B 1/ 1 A8 5
K] A The Unscrambler 9.7 B ik 4T F Bl 2 4
BT, 13 BIRARZE R R AT B o 2 T i LR
TEAE A >1 N38FR, 183 3] 2 4 E R, TTERER 2 51
R 56% F1 25%, 3 1177 7 DTER %N 81%. 1 A A4y
BR3P B 9D ] 1, 5 B0 1 A0 40 2 7T B
RFRARZE R X ST LR AT 5 B LA U 1 K0
G BB AR R . B AT Vg A o o
i s BELbr b b B G, B3 E R 50K, I
K110 A5 mT PR AR 2 A PY 28, S1.S2 AT S5.S6.
S7.89 H—2%,S11.513.514.515 —,$3.54,
S8.S10 H—2&,S12F1S16 AH—J. MIx—4r K4

SRRT CLACEIL B AR RV 0 T 1 1) 1 S AR 2 R
B — 38, AN A 012k 0 M o) ) SR AR
B i D92, TR I A ) A gt 3 B8 A 3 PR AR AR 2
WHN—3, 5REI IR AR 2

P2
0.8

-»

0.6

0.4 —

3 4

Fy
& 024
04
pn ; : : : : ; i
-0.2 -0 0 04 0.2 03 0.4 05 06 0.7
X-expl: 56%, 25% ¥
NN -
B9 XRDZ R E pk o B T #H A
1592 0.45 0.681 1.818
P2
4 Score
2+
=
/\h S1g
0 N
’ U
29 4l
0 1 2
Ve

B 10 XRD R E R4 150
2.3 EERBEMNERZE
2.3.1 ICP-MSITARZMF ICP-MS TAEZMIFE A
=4 ICP-MS TIESH

4 THEME ZH THEfE
EEFARELS.0 L/nin | REFEE 10 mn
¥E o 0.10 /s HiEk¥ 100 e
FHERE 2°C AHAGE 15 L/min
HAWE 0.8 L/min By A EE 0.9981 L/min

WHE 1550 W Moretl 0.02 s
2.3.2 A& BV VR & RS R EURE
i 0.2 g, 70l B T v i R, INAHER 8. 0 mL.
WA 5 min FFIRZE 120 C, /- ¥F 10 min;
5 min FHE A 185 C, RHFF25 min; HMREE K5,
A 85 CULTR , HUH i fife G L Ve K 3 A
N0 mL A, FH KB T R E 3 IR e G
FHEREMS, HKEREZE, 5, AR
B

T Y VA T ) % < T 20 T T P P A o 1 S R
ARG S B U Ge InBi bR vfE VA 0OE &, F KRR
FIRIREYI N1 we/mL TR AT S BUE Mn.
Cu~As HgPb bR BOE &, FH 10% A BRI T
FEH 2 CuvAs<Pb 5 0.2.5.10.20.50 ng/mL(H
H1 4 Mn 24 0.20.50. 100,200,500 ng/mL;Hg 0.
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B & o A5 -7

100,500+ 1000.5000. 10 000,50 000 ng/mL) [ &
R AR -

2.3.3 MEFEARKXE SBR X 16 FhkE
KRR AT E BT, 5 R S bR R VA A A
M T AT ICP-MS Wl 5E , (X445 & Jo 3 1 AR
28 2R O R o B bR IR AT AR, i

SRSERE 12 6, LA 11 AR Y VA 0 2 48000 3 43 A
{22 B LU R 76 2 R L 785178 2% O L.
SR [ 7 R A R BRI R 5. 45
2 01 % 76 2 bR 0 48 28 A B BN 0. 999 3~
0. 999 8, ] I LM 3 F 34 B0

*5 EERTERLHMASRE MEXRKMEMRER

5 ERy ] 2P )3 7 r %% 7% Bl (ng/mL) AR (ng/mL)

1 Mn 1=0.2589X-0. 3487 0.9993 0~500 0.035

2 Cu Y=0.1229X+0. 142 0.9997 0~50 0.012

3 As 1=0.1213X+0. 0806 0.9996 0~50 0.008

4 Hg Y=2.9252X-326. 21 0.9998 0~50000 0. 041

5 Pb Y=0.1174X+0. 0165 0.9996 0~50 0.005
2.4 EERRENELER 2. 26%, T A2 S I ER
.41 FirFHFR 2.4. 1.4 JnkEENCRIRLE  BURES 0.2 g(643),
2.4. 1.1 FEEERE ik, 25 R A Bk, 20 BINONGE B I 52 1 4% 70 2 b e T

W HEE B b VB VT, S B2 RE 6 1, A AT B S
FhEE 4 8 T R RSDIE . S c R &
HIRSD 9 0. 99%~2. 14%, 7 B 1% 7 K 25 5 BT .
2.4.1.2 famtide B 0.2 g(3tem),
R R, 4242, 2. 1700 J5 v ) 4% s iV W
ST EIE N AE 0.2.4.8.12.24 h, 2 &% ¢
ERE T H. RSD N 0. 52%~2. 15%, ¢ B fit ik i
WAE =R R A 24 h NFEEARTEE .

2.4.1.3 BEEMRE DFEH0.2 gBL6 ), K
BRE, 1“2, 2. 17U J5 v i) 25 3 i VA v, 78
FIride 2641 Il 8 & o = i 40 8. RSD A 0. 79%~

W HR“2.3. 270N J7 vk ) % AR S s T, 7E BT
I AR 2% 1 R . [BIURCEE N 98, 2%~106. 7%,
RSD<3%.

2.4.1.5 16MAERZERAFMELESZENE
16 Fft 2R AR 25 U8 7 6 i » BT A B 5 A, B AR
b AT I TE 34y, K FHF S 2o, W 8 B b %
TLEREE. LRSS TR SR EENEG.
FH 2% 6 TJ I, A () 0 1) 25 2% AR BE 1 IR B BT 19 2R AR
KR MnCuAs FEE R G BEAE—EER, HF
Mn FT Hg £ 8 22 AR O, FoAth 22 R /N

*o RREFURREEREEMNEER

T Mn Cu As Hg Pb e Mn Cu As Hg Pb

%5 (ng/g)  (pe/g) (ne/g)  (mg/g)  (ng/g) | 4%  (pe/g)  (ug/g) (ug/g)  (mg/g)  (pg/g)
s1 5.001  1.494  1.382  1.327  2.074 S9  21.764  1.888  1.661 9.283  2.005
52 6.357  0.903  1.224 2,078  1.282 | S10  19.917  2.458  1.845 7.517  3.881
$3 6.263  1.322  1.065  2.706  0.773 | S11  25.682  1.105 2.979  13.957  4.735
S4 7.010  1.745  1.588  6.833  1.299 | S12  39.859  1.794  4.912  26.519  3.900
S5 8.205  1.979  1.885  2.867  1.547 || S13  15.430  1.909  1.304  10.401  1.588
S6 7.664  1.768  1.056  1.186  1.208 || S14  22.002  1.674  2.621  10.575  2.237
ST 10.517  2.163  1.266  6.122  0.929 || S15  21.788  1.006  3.817  15.400  1.474
S8 13.208  1.101  1.281  8.294  1.320 || S16  28.831  0.920 4.193  13.312  1.973

2.4.2 FE5AH I SPSS 18. 0 B AEXF 16 S9.S13.S14 N —K,S10 MR Ny —3K.

FEMPSMESE TR EHITRAR LS,
KRR G BE B vE AT R Y, 5 R LK 11, S2,
S3.S8 N —2K,54~STHN—,S1 T R —
I, AR S1~S8 T N—FK. SILAMSI2 T A—K,
S5 MIS16 8 y—5,511.512.515.S16 T N —3K,

2.4.3 w55 A K F The Unscrambler
9. THAFXF 16 0 FE M I 5 P E & @ i & & B AT
F R M, 15 B R ARZE O B B i .
AT DURFAEAE A > 1 N3RS, /53] 2 4D F 8y,
DURR 73 73] 2 66% F 22% , B TH 7 ZE TTRR A 87%.
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P 32 43 R 3oy B R L) w8, s 1R 2
B o 2 ] AR R 05 B, B B AR R M .
Hm 2 bR EE S 19 3 F 3 B LK 13
FE S AT DAFE Ay =26 ,S1~S8 J§—3%,59.510.
S13.S14 H—3%,S11.S12.S15.S16 H—K. MiX
— o REE IR LU Y, 5 A R 1 e B A o ) 2
FRZAR R il g — 288 5 AN 75 S0 g AR 2K 4 o) ) £
7] — il B R ARZ AR A A R — 2K, 5 R K
I a REA—FL

2.4.4 mAXMSH HTEESBESTELS RS Hg
TR T HLAS [E] ) 25 A AR R AR
MHg & EA —EER,ETERD g R, i
1T F #5345 (2O R Hg 5 & B AH PR o0 b7, 45 1
UL 14, K55 B2 8 r>0. 999, # AT H Hg & & A8 %
16 PR IRZ R B AT 0 KR AE. HE 15745, 40
) 7% 48 N B TSR RS 4 BT 19 AR AR UK R 5 M ) 25
A R AN AN B AN B T A9 AR AR S R B A 1
He & 2RI, HE 16 A5, K28 AN
R BEAT ML), 76 60 CCAI 70 CHETIREE T Al
RARIRZAR T B Hg & = 2 5 A K, 5 H AR
FE NSRRI I Hg B AR
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% &8 >t -9

BEAT PUAH € P4 R 40 BT, SR F 4R S 3L U S A AL
JEVEAN S5 7 30, LR AR 2SR 1 XRD 17 4 &1 3
RARZER A h & R b, HeS & A ib FE R4y, [
BEARARZEAR B BA HgS A = A .

TE L B AL 23 B S BR 2E 0 Ar B 2 By o, R
SR FH AN [) A 1) 255 2 ARAN [ 0 B2 PR SR AR 2R Ay
HEAT X 53, 285 3R AN [ AR 25 8 AN [ B R R
FrfF R IR R A —E Z 5. ABALEE &5 R,
AN AN T AR B A 1) BT A R PR 2SR IR AH O AR L
B S50 T 3 B8 AR A0 B W M0 o) T 45, SRR A i 4
SN B I3 73 B &5 SRS W AR [R] Bt B R AR AR A
RN — 28 IX AT RE B T AR AR 2% ) HaS 72 M
TR b Sz A ) 2 28 BB TR BE S, R AR T AR

TESRE I MR 3 573 3 T S R S12 1S 16 1
RN, X e T RARE R E SR I, o
& HgS KA T 284K o i HZE AHABLEE 43 BT i), AN
B AN gl Rk o M 1 4 380 P R AR 25 R Ok R BRI T
P FOAD B SR ) 15 B I AR AR K R, Horp S12 28
AN B T A o T 4 TR BORH 0% R HCH 0. 8175,
S16 Ak F &k % M i 1 45, v AL B0OMH OC R EO
0. 8980, ¥4 LU ARG, 3X W] g 72 R R fE M il i A2
RARZE R BLTH A ) — 28 Rl 7y AR B AN B 4N
RAE T O o DRLE A R AN 75 40 ot A1k 0 T e
ANIEEAERRIRE R BRI 238 o

RARER I PR & R, R0 3 Ry
& HgS, A I 7E o5 4 & & &l e 45 b, 5 HoAt oo
ROENES ML gt REER & BED
BT < 2 B0 23 AT R R G 20 B &5 SR 2 B, AN [R) S )
BB FRE T , RRERANEEE S E
— T 25 S [F) I A ) 5 4 R 3B B AR RN D B T P 45
KRERAWEEREEERAKN. DHg & &
VENFRHR , AN 55 B B Ak B0 S0 ol T 49 R IR
Hg & B3 , 1T 35 38 M R0 100 4 T 100 1) T 75 2R AR
T He & & 4K,

IZAEFTEE T XRD WA 45 SR AN ICP-MS &8 &
B e S5 AL, 23 AT A () A ) 25 4 R BE T IR FE AR
RARZ R 1 22 53, 45 3 W1 353 PR A0 400 4 T 7
A 511G A AR AR ZE RO M B 25 s 5 BE U
FEE B A, PR 7 1 O R AR M ) 7 R T
PEACAN BT B e it 1A BT
SE Xk
(11 HELEMA. K READHER LW AFFESF

F11,1996,11(2):63-64.
(2] HEAL HEE. EHPHEDEAMAREZAET]

MR R 2075 ,2008,10(3):184-189.
(3] ¥ E. AWK E P HR oyl R m A #H[T]. #

HE 425 ,2022,44(6):53-55.

(4] P SR ARTHEH FHMM. bx . FEHE
25 W BA,2002:1020.

[5] ZHEHBEEEER. TH8E P HR A M.
BB SR R AR AL, 20192135,

l6] ERE. A GHA. 7 HHEWMDEXHETAETEN
EEBIT]. B 4,2017,40(2):306-310.

(7] R WA, B, % 240 85 FAE R N XRDE S ATLT].
F 25 4,2016,39(1) : 42-47.

[8] Z&,EXK, 54,4, %8 XS E&ATH Fourier 340 1%
B IT]. ¥ 245,2018,49(5):1061-1067.

[9] Rk, W%, JLT4%.%. R ERT XS AT
At e LU B R AR R T R A [T]. P E R AR,
2015,40(10):1948-1952.

(101 obRE, W&, A4 . X B ST H RO EE AT W2+
R AR, FmEREAFFRERFFR 2015,
34(4):45-49.

[11] BH & X EATHEARG KRR R A LT L7 e X%
SR (H AR FHR),2007,21(1) 1 72-76.

[12] A& . R . BF.5. ERTHFEOHFIHELZ AN
g BN R ARSI, Bl AFFROE AR
¥ HR),2013,35(10):159-164.

[13] Z%%,%BA.Z8,%. [CP-MS &4 i 7 Flk £ AL
TLEMAII]. B 25,2019,50(10):2347-2354.

[14] BlEE MW, EWE. 4. AR TEANAENETE
By ICP-MS & BT 7 i R [T, AR T,2017,46(21)
97-100.

[15] EBRHAZR L. FRAREMEL L. —H M. LK
FE B 25RO B, 2015:137.

(161 #3124, %575 . RO HHNRKF X4 %474 Fou-
rier ¥4 EER KT, H254,2018,41(12):2767-2773.

[17] Z%, EX%, kT . KD E B H & X-4 L4748
Fourier 4 EE AR BHERAFFM(E R
A BR),2018,44(6):568-575.

(18] ZHF. AEAZEBERKLERFRID]. Lif: R
K% ,2013.

i HE:2024-07-12

“EEWE B RO AAFAEFFLA(31901002) ;5154
TAEEEFAHRE (22019051) ; # M 7 AHLE KA AR
B (SYSD2018072) ;2024 45T 3 4 Sk« F i TA2 " E 42 R
KARRAE EYEE R T AN GAFFR B (FTNS2019024,
FTWS2020050) ,

EBR M AP LA (1987—), B, £ EIF. R F & :£F
T F B,

ABTEE A4 (1989—) , 4, L5345, sl #3%. ARF
%) 254 F AF5. Email:catzysheep@163. com,



