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TEE. B g R G A B A TRk (R RS AR AR v 35 AhOT R S i, IFITRUERH R TR ER T ot &
G, FiE UHRR-ERR (40 1) IHMER, RO AFRTAL S, ICP-MS BERIEHR | A S AHE 2 P =CRIfE LR
FRID AR 5 38 R U AR 28 A R 2 AR b SR AN A, R 3BS5MITERELEERSD
INT20% , HRERIICER 70% ~120% , S ARATIER 0. 000 3~0. 609 mg/kg; MERP FRHITTEMSTEL 1.5% ; WG
R, OB B, R BETE0.6% ~0.04% ; FEMEITE MR, B, 9. 8. L WL B, & 12.8~1.2 mg/ke;
M R R T 2 A3 A Bt A R TR)ELA — e AR C R, ) a6t 2t 2 UR ARRR s e R 1A & A T 22 (0 A 1 R R0
FEPUEH, JCESMRHE S S AR A TS, &8 Nk TRE . W, B THREER S IEHLOCE 54 #
AR T HUS YT E B, £5 TRERY T, oy MRS 5K

KRR . AR A AR IR BT s AR EHLCER ; IR

FESES . R284. 1 XHkFRER . B
doi: 10. 3969/j.issn.1001-1528. 2024. 08. 053

MR+ FAERHE YRR K Tsatis indigotica Fort AR,
i, PEE, RO B, HAWEREEEZ DR AR
R, AREER S Z M2, RAVIE . PUWRE.
DLRENGSE | AL S5 2 B 25 BRAE T, I PR LR R
R R R — R R R A AR A KO PR A
YA RET5H (PGR), e BEAAS g, RIshey
oA Lo A i e PR R i L ™

BRI GBS 2 B AE A2 oY . AR AL LA 5 57
TR, AFTRSE T, BT A TR G AR AR
JUEMWETE , S I A A R 58 X T R a3 A 5
Wi AR ST, AL i S B U R R A R A E R IR
WG, EFZEYE PRSI, 258, A
i, MERAERICHE, AU P2 R P O B R
DIARSE, IR ZGRCR A T b i AL A
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ARSI R FHUBHR G 55 B TR S (ICP-MS) :@ar
THREEMR T 35 A ITCALTE M E Bk, I LA STt
R ERFEA T AR R SR 0L, LU A
HRICHLTC Wy o FE At 0t A 0 A A 08 0 50 4 DG 1l 438
9T B8 Bl
1 ##

1.1 ALZE CEM 7800 HLEFEA 55 TR FIE(L . Mars 6
WO A AL (SEE CEM A +]) 5 Milli-Q M atik{L (3£H
Millipore A7) ; Zentrifugen D78532 Tuffingen 5.0 ({5
Hettich 23 7])

1.2 XA B (Be), 1 (Na)., BE (Mg). & (Al), 4P
(K). 45 (Ca), £k (Ti), #l (V). % (Cr). % (Mn),
B (Fe) . B (Co). BE (Ni), # (Cu), ¥ (Zn), fifi
(As). fifi (Se). %1 (Mo). 47 (Ru). 48 (Pd). 4R

E&WB . L P2y O e i i S 22l Lk BRI S-F & (21D22290200)

EEEN: W F (1978—) L, WA, BEAW, NP Biaaf S L s, Tel:

163.com

(021) 38839900, E-mail; huqingyjs@

«BEEE: T OB (1963—), &, WL, AR, Wdrdgy, JKOR25H B PR a i B 42 ) A2 S A 7 3 P58 E-mail ;

jishen2021@ 126.com
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(Ag). ff (Cd). B (Sn). B (Sb). Wk (Te), Pl
(Ba). # (Nd). #% (Dy). # (Er). ¥ (Ir). %
(Pt), 5k (Hg). & (T), Hy (Pb). §h (U) HITHR
WA W A B R AR Y B bon, BRI 1,000
/L, WHRIBWR N &8 (L®) . 1 (Sc). & (Ge). #
(In) . % (Bi) JCEMIBEWHW (WEN 10 pg/mL);
TR, iR . SRR N4l (F51E Merck 247]) ; /KA
gk (PR 18.2 MQ - em)
1.3 At HEHRIE IR T LR 28 P T B L AR 2
FRIEART, S8 W R IR I KBl T RS s, &% 8 i R R
JE AR A R 2508, R E B EMR (500 mg/L) |
(1000 mg/L) . % (1500 mg/L) FIELHMiZE, 254
WG 7K o AN TR 2 [ 3 HE A 25 5% B R v U R i -,
BMRE/NK AN 15 m*, /DMK EFREH R 30 em, 4557
BHYE4RERZ 4AHARAVT, B,

YR BN AR, whREREARP (kg
30 em ) SRAIM MG, B 7 d AATEZ 1R, JLiE
AW, AT L REZSJE 15 d (9 A 15 HREE) FsE 4
WG 30d (11 A 1 H) REE,

SRR XA IR, BEPLRE A K OE H RS A
A, BREIRAE, W, BURE, %Mk, PIBE
TR A . W H RS 19 2s A BB R AL, B &
FIRAREAR, A 40 (BARA—0), 2 KCRHEHAIE
324,
2 FHEEHER
2.1 HATEAE SPHIThAR 1550 W; SRAER)E 8.0 mm; 3%
AH 0.9 L/ming ZARMEWH 0.3 L/min; A5 T
R 0.1 rps; FUFHIA] 0.3~3.0s; EAE WS 3 K, fiffE
AAAR (4.3 m/min), IEH BSR4 A
H15 s,
2.2 sB&ERAE R ER He o2 An RS &,
JH 5% fEIR-ERR (4 : 1) WIRBCHNE: | mL & 1 pg Hg I

ACK

X 41 X 22

ACK

ACK

X 4H3 X 4H4

ACK

W ACK has 4, ALHAGRIEA, A2 i,
A3 Nyl

1 HBERRNMNSHE

B 1 PR RIBUE AR & U R, T 5% fisme-4h
BR (4:1) BWWH M 1 mL & K, Na, Mg, Ca, Fe 4%
100 pg, &HARICEAS 1 ng MHHET 2,

2.3 HXSERAE BRI 0.5 ¢, KiEWKE,
T T R O GO T A E D, R R R (40 1) 5
mL, JNZERAT, 450 A A T A A 0 B T A
HgsE s, R EREMNERE/NT 60 <€, Bul, #%, /N
ORI, BIHW S MRS E 50 mL RIUH L%
W, HKUEREE S RREREROK, IR E TR,
IMAGARMER I 50 wL, NUKFEREEZIE, 15, B,
I 12 1 £ 2 AR

2.4 MRk OKEEWIBONAREBGE B, 5% fi R VS TR
B 1 wg/mL B IARVE TR, DAIE & RIS U, 7E
LIMANIR, SICRBTREE, W R PR ERE L 1,
DU il 0 3R AN AR 0 2R R A AL, R AR R 1K
Mz g, FRASRHEMZ BRI R,

®1 STEREH. MRMENEER

JLE (WE B m/2)

LR IEE il
Be(9) Li(6) No Gas
Na(23) Mg (24) (AL(27) K(39) .Ca(44) V(51) .Cr(52) Mn(55) .Fe(56) .Co(59) Sc(45) He
Ni(60) .Cu(63) . Zn(66) ,As(75) .Se(82) Ge(72) He
Mo(95) \Ru(101) ,Pd(105) Ag(107) .Cd(111) .Sn(118) Sh(121) .Te(125) Ba(137) Nd(146) .Dy(163) In(115) He
Er(166) Ir(193) Pt(195) Hg(202) [TI(205) .Pb(208) Th(232) .U(238) Bi(209) He

2.5 FEFER

2.5.1 LMECRFE LIS mEIR-Ehm (4: 1) WBAECH
7334 K, Na, Mg, Ca, Fe JLE 0, 0.1, 0.5, 1.0, 2.0,
5.0, 10.0, 20.0, 50.0 wg/mL FIHA 29 FoCZE 0, 1. 5,
10, 20, 50, 100 ng/mL 1) R P e W 53 FL il % Hg
JEE 0, 0.2, 0.5, 1, 2. 5 ng/mL [IRIFREWRIEER, L
BIE SN EUER LR IEAR (V) , SICEFRERE
kAR RR (X)) #EATEIA, exflbrdidhk, S5R AR 2, W
S TCEES AEBRINEECR BRI (r7>0.999)
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2.5.2 RBRSEER E 21 hra IR, HHRAT
RWE WA R 2 (o), U 3o VENEARKNR, LI 10
R RAE B, AR AX (0.5 g, EAE
50 mL) 375 Al FRFIE R, Z9R R 2,

2.5.3 EEMRE W6 MARIERES (ZAAM), %
“2.3" TR kA AL R, TR 2.1 TR B
FEMSE , 455 Se. Ru. Ag, Sn, Te, Er, Ir, Pt, Hg, TI,
U LR & s R ok il sl “2.5.4” TR
R R 4 o (il im i, E T A R, 45 2R
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35 MRS RSD M 0.6% ~9.6% (£2),

2.5.4 JmEEECRIRE B9 M AREEMREES (2 FARE
1), 50nA 35 FonEXT I MERGE &, % <2.37 R
FkmlgE . P R B IR S AT, R

FRIES 30y, PIANRE 6 47, 7E “2.17 &M T HEEm
A, AR 35 Fon R AT SRR BISCRITTE 80% ~115% Z (8]
(%£2),

R2 AERFERER

E e B R mam IFEPICE
(mg-kg™") (mg-kg™") SER IR [ 3R /% RSD/%
°Be Y=0.001 1X+5.7x107* 0. 008 0.03 1.0 94. 4 2.1
ZNa Y=0.002 3X+0. 004 4 0.30 2.6 83.9 5.0
Mg Y=0.002 5X 0.1 2.0 94.9 3.5
Al Y=0.002 5X+7.9x107° 0.05 1.0 85.3 3.5
¥K Y=0.002 6X+1.36x107* 0.9 1.7 99.2 5.5
BCa Y=0.002 6X+6.0x107° 1 1.9 94.7 6.3
Sty Y=0.005 3X+0. 25 0. 002 0. 006 8.3 94.6 3.1
S2Cr Y=0.005 9X+2.7x107° 0. 006 0. 02 1.3 104.9 6.3
3Mn Y=0. 006 0X+0. 016 0. 007 0. 02 1.9 96. 4 6.1
O Fe Y=0.006 4X+4. 7x107* 0.6 2.1 101. 8 6.7
¥ Co Y=0.007 4X+4.6x107° 0.001 0. 002 1.5 98.4 1.3
ON; Y=0.007 7X 0. 003 2.4 91.3 2.3
S Cu Y=0. 008 4X+0.001 7 0.01 0. 04 1.3 88. 4 1.7
%7n Y=0.009 1X+3.0x107° 0.02 0.08 2.1 92.9 7.
5 As Y=0.011X+1.2x107* 0. 002 0. 007 3.5 107. 1 3.3
828 Y=0.013X+0. 37 0.02 0.05 2.0 101.2 5.3
%Mo Y=0.013X 0. 001 0. 002 2.7 112.7 9.0
TRu Y=0.015X+0. 015 0. 001 0. 002 0.6 107.3 0.6
105pq Y=0.016X+4.9x10™* 0. 003 8.8 103. 8 1.6
107 Ag Y=0.018X+3.0x107° 0. 001 0. 005 4.4 92.6 3.6
ed Y=0.019X+1. 6x107* 0. 001 0. 002 1.6 93.2 1.4
18gy Y=0.023X+2.0x107° 0. 005 0.02 1.0 101.3 1.6
121}, Y=0.026X+7. 8x107° 0. 000 4 0. 001 8.7 95.6 1.8
1257e Y=0.027X+3.4x107° 0. 001 0. 002 0.7 95. 4 2.2
137Ba Y=0.031X+2. 1x107° 0. 003 0. 009 4.5 106. 5 5.3
HONd Y=0. 050X+0. 006 7 0.000 2 0.001 6.8 101. 4 1.6
193Dy Y=0.063X+3.7x10™* 0. 001 0. 002 9.6 101.9 1.1
166 oy Y=0.074X+0. 013 0. 001 0. 002 1.6 101. 8 1.3
93y Y=0.099X+5.9x10™* 0. 001 0. 002 0.6 101.2 1.8
195py Y=0. 11X+0.20 0.000 2 0. 001 0.6 98.6 1.1
2 Hg Y=0. 12X+0. 019 0.001 0. 004 4.5 104.9 3.7
205 Y=0. 12X+0. 008 1 0. 001 0. 002 3.4 103.9 1.3
28 ppy Y=0.20X+8.7x107* 0. 006 0.02 0.8 101.4 1.5
B2Th Y=1.47x107°X+5.4x107* 0. 001 0. 003 5.8 98.9 12.0
28y Y=1.6x107*X 0. 001 0.003 1.3 103. 1 1.6

2.6 #FalE X 32 HHERRIEAE BT E, SRE
AR, WEEMRAF 35S ML R RN 2.5%, HFPF K45 1.5%,
HEERKBICE,; WEHIGEK Ca, Mg, Na, Fe, Al 4510
0.6% . 0.2% . 0.08% . 0.06% . 0.04% ; ¥ ft 5& & Zn,
Mn, Ba, Cr, Mo, Cu, Ni 75|24 12.8, 8.9, 5.1, 1.4,
1.2, 2.2, 1.2 mg/kg; V. As, Nd. Pb, Co ZELE SR
X (0.1~0.35 mg/kg) ; oAt 17 FhoCE & & H/NTF 0.05
mg/kgﬁﬂi1‘@'ilj (F3), Hd As, Cd, Hg, Pb, Cu 5 Ff
FEEAAECE TR N TS HRE™, &
AR 5 R 1 B 4 )8 O e 1 % e XA

2.7 HIEHSH

2.7.1 MREEMRAITEAMRIESHT R IBM SPSS Statistics

26 AT FFI AR A 28 | Ko AR SE 13 Fhoo
BME, S5RIE4, RILaTa, 1 RCRESAADE
A 5 X456, Fe. Zn, Mn. Cu. Cr, Ni 6 firEEERE
o R E ARG, BEE A KBRS, 5 2 RS AU
FRABSETCEIE N 10 XF, Ca, Mg, Na, Al, Fe, Mn, Ba,
Ca, Zn, Cr, Ni 11 FioCE A2 B E ik B EMHC, H Mg-
Na 2 @ FARSE, JOEASME 2 b 3 A A Rl B 010
F [H) A B ) sl R B AE B 22 5 R .
B UCREEIE ., B il g AR ICE SR 6 Xt
7 XEA10 XF, BFEEE QA n, BE Fe, Cr, Ni, Mn JG
A4, K, Na, Mg, Al, Mo %570 % [i] &% Wb 25 sl 4 & 3 4
K H2UCRKAR, B, SR A T 2 D 2 e A
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F3 HRNELERETREH (mg/kg, n=4)

- SKMAtE] (2022 4E9 H 15 H) SFMtE (2022 411 H 1 H)

- ZH [Falis P fi=Bilbsie =M R i) f=Balhs
K 15 031 14 304 14 110.3 13 595.8 12 498. 5 13 267. 1 14 288.7 13 150.7
(16.2%) (14.4%) (5.8%) (9.1%) (8.0%) (9.8%) (12.9%) (4.0%)

Ca 6192.9 5778.1 5845.5 6 024.7 5763.6 5334.3 6 381.3 5285.9
(4.8% ) (8.3% ) (6.0% ) (16.2% ) (9.4% ) (12.3%) (32.1%) (11.3% )

Mg 2011 1875.9 1906.3 1940. 1 2078 2025.5 2212.3 1956.9
(10.4% ) (8.2%) (2.9%) (13.9%) (1.5%) (3.8%) (27.4%) (6.5%)

Na 931.92 1 137.41 932. 64 818.33 670. 09 813.24 891.8 818. 09
(17.0% ) (36.5% ) (7.3%) (30.5% ) (18.5% ) (17.6% ) (12.6% ) (23.9% )

Fe 342.75 341.83 430. 82 506. 67 1041.29 892. 68 1039. 15 866. 21
(35.8%) (29.2%) (33.2%) (32.7%) (21.4%) (28.7%) (54.6%) (29.7% )

Al 292.07 298. 8 367.59 476. 62 1 164.23 970. 2 1097.57 871. 06
(29.7% ) (30.0% ) (37.0% ) (41.6% ) (25.4%) (32.3%) (56.8% ) (29.4% )

Zn 32. 898 31.224 28. 158 26. 908 27.4717 30. 242 31. 046 26.78
(35.3%) (8.5%) (11.8%) (8.2%) (2.7%) (7.5%) (19.9%) (8.0%)

Mn 18. 034 16. 943 19. 300 21. 466 30. 129 28. 000 32.204 27.851
(15.8% ) (8.4% ) (14.6% ) (23.3%) (8.9% ) (15.3%) (36.8% ) (17.7% )

Ba 13.247 11. 444 12. 344 13.927 16. 521 14. 374 17.209 14. 699
(14.8%) (14.2%) (11.8%) (24.6% ) (17.3% ) (17.9% ) (45.5%) (15.1%)

Cr 4.706 2.879 3.014 3.055 7.462 9.733 7.631 8. 428
(73.0% ) (60.0% ) (65.9% ) (43.9% ) (38.2% ) (36.7% ) (38.8%) (46.8% )

Mo 3.918 3.192 3.312 3.260 2.952 3. 000 3.318 3.321
(13.9%) (9.8%) (13.3%) (12.6% ) (11.1%) (6.5%) (27.4%) (18.1%)

Cu 2.691 3. 669 3.516 2. 844 2.985 2.97 3.391 3.17
(19.9% ) (54.9% ) (31.4% ) (8.8%) (1.5%) (11.9% ) (24.9% ) (11.3% )

Ni 2.532 1.714 1.792 1.929 3.450 4.303 3. 602 3.782
(65.7% ) (47.7% ) (49.7% ) (34.5% ) (31.8%) (35.8% ) (40.1% ) (41.4% )

v 0.722 0.726 0.873 1. 068 2.294 1.910 2.212 1. 836
(25.9%) (21.9%) (29.8% ) (32.8%) (24.9% ) (32.7%) (54.8% ) (30.2%)

As 0.411 0.383 0. 444 0. 488 0.553 0. 469 0.538 0.434
(24.8% ) (12.8% ) (20.1% ) (18.7% ) (17.0% ) (21.4%) (49.6% ) (17.7% )

Pb 0.225 0. 266 0.312 0. 386 0. 567 0. 461 0. 564 0. 455
(33.1%) (18.0%) (41.6%) (41.7%) (24.1%) (28.6%) (57.8%) (31.7%)

Nd 0.237 0.239 0.318 0. 402 0.931 0. 791 0.921 0.726
(38.3% ) (33.2% ) (40.1% ) (39.3% ) (22.0% ) (30.0% ) (56.6% ) (41.6% )

Co 0.183 0.173 0.209 0.238 0.438 0. 401 0. 446 0.391
(41.1%) (24.7%) (28.7%) (28.9%) (13.2%) (26.5%) (49. 6% ) (28.9% )

Se 0.071 0. 057 0.074 0. 060 0.102 0. 100 0.103 0. 088
(10.4% ) (75.4% ) (23.5% ) (68.9% ) (16.6% ) (17.8% ) (25.6% ) (23.9% )

Cd 0. 092 0.1 0. 084 0.073 0.072 0. 069 0.076 0. 065
(10.5% ) (26.8%) (19.3%) (14.1%) (9.4%) (31.9%) (29.8%) (29.9% )

Th 0. 085 0. 084 0.127 0. 138 0. 295 0.262 0.318 0. 296
(38.0% ) (26.6% ) (38.0% ) (37.6% ) (25.6% ) (30.1% ) (55.9% ) (35.3% )

Dy 0. 026 0. 026 0. 035 0. 044 0.113 0. 097 0.111 0.091
(37.3%) (32.7%) (37.8%) (39.2%) (21.3%) (32.7%) (58.7% ) (36.0% )

Sn 0. 036 0.078 0. 065 0. 054 0.078 0. 064 0.075 0. 097
(29.0% ) (113.9% ) (79.4% ) (17.2% ) (23.4%) (28.4%) (57.6% ) (56.4% )

Tl 0. 025 0. 030 0. 025 0. 027 0. 036 0. 030 0. 036 0. 028
(31.7%) (89.6% ) (55.5% ) (105. 6% ) (20.3% ) (38.9%) (40.4% ) (44.1%)

Sh 0.021 0.021 0.023 0. 029 0.034 0.030 0. 036 0. 029
(47.8%) (18.9%) (32.0%) (27.3%) (24.5% ) (38.2%) (64. 6% ) (28.4% )

Er 0.012 0.012 0.016 0.021 0. 056 0. 049 0. 055 0. 045
(36.5% ) (32.8% ) (36.7% ) (39.8% ) (21.3%) (32.4% ) (60. 1% ) (37.9% )

Pd 0.022 0. 020 0. 020 0.019 0.015 0.015 0.017 0.014
(5.4%) (7.8%) (12.9%) (14.6% ) (8.2%) (12.1%) (34.5% ) (15.3%)
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24383
iz SRS I] (2022 4E 9 J1 15 H) K E] (2022 4E 11 H 1 H)
2 H R rh f=pilh &l R rp it [=hils
U 0.010 0.010 0.016 0.017 0.038 0. 036 0. 040 0. 032
(33.1%) (28.6% ) (40.5% ) (37.1% ) (22.7% ) (30.8% ) (65.9% ) (31.4% )
Ag N.D. N.D. N.D. N.D. N.D. N.D. 0. 007 0. 005
(18.5%) (74.3% )
Ru N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Te N.D. N.D. N.D. N.D. N.D. N.D. 0. 002 N.D.
(200. 0% )
Be N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ir N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Pt N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Hg 0. 007 0.005 0. 006 0. 006 0. 009 0. 007 0.01 N.D.
(56.7% ) (16.6% ) (31.6% ) (44.1% ) (42.0% ) (64.6% ) (79.4% )
H: ND. K,
F4 AEAFEHTEMEXESTER
41 51 SRAERT ] AHIETEE X (O RED
ZH 20224E9 A 15 H  Fe-Ni (0.953% ), Zn-Mn (0.996* ), Zn-Cu (0.992** ), Mn-Cu (0.990* ), Cr-Ni (0.998 ")
Rl 202249 H 15 H  K-Na (0.975* ), K-Cu (1.000™ ), Mg-Mo (0.952* ), Na-Cu (0.968" ), Fe-Mn (0.992* ), Cr-Ni
(0.994 )
Rl 202249 4 15 H  K-Al (-0.983% ), K-Mo (0.997" ), Mg-Na (0.960% ), Fe-Al (0.971" ), Fe-Mn (0.954% ), Al-Mo
(-0.981%), Cr-Ni (0.984")
mfliEE 20224F9 H IS H  Ca-Mg (0.964% ), Ca-Mn (0.994* ), Na-Cr (—-0.963" ), Na-Ni (—-0.987%), Fe-Al (0.984% ), Fe-Ba
(0.994* ), Al-Ba (0.961 %), Zn-Mo (0.962* ), Zn-Cu (0.982* ), Cr-Ni (0.990* )
2 20224 11 H 1T H  CaFe (0.965% ), Ca-Al (0.958" ), CaZn (0.960" ), Mg-Na (-0.963% ), Fe-Al (0.999** ), Fe-Mn
(0.973* ), Fe-Ba (0.977* ), Al-Mn (0.981* ), Al-Ba (0.984" ), Mn-Ba (0.984" ), Cr-Ni (0.990 ")
Rl 2022411 H1H  Ca-Mg (0.999™ ), Ca-Fe (0.995™ ), Ca-Al (0.999" ), Ca-Zn (0.994* ), Ca-Mn (1.000* ), Ca-Ba
(1.000™ ), Ca-Cu (0.996* ), Mg-Fe (0.989" ), Mg-Al (0.996 ™ ), Mg-Zn (0.989" ), Mg-Mn (0.998* ),
Mg-Ba (0.997 ™ ), Mg-Cu (0.994™ ), Fe-Al (0.998"" ), Fe-Zn (0.995" )
i 20224 11 A1 H Ca-Mg (0.999* ), Ca-Fe (0.995* ), Ca-Al (0.999" ), CaZn (0.994™ ), Ca-Mn (1.000* ), Ca-Ba

25 3| =

= 7 o

20224511 A1 H

(1.000™ ), Ca-Cu (0.996* ), Mg-Fe (0.989" ), Mg-Al (0.996™ ), Mg-Zn (0.989" ), Mg-Mn (0.998" ),
Mg-Ba (0.997" ), Mg-Cu (0.994** ), Fe-Al (0.998" ), Fe-Zn (0.995" ), Fe-Mn (0.996" ), Ca-Mn
(1.000* ), Ca-Ba (1.000* ), Ca-Cu (0.996 ), Mg-Fe (0.989% ), Mg-Al (0.996"* ), Mg-Zn (0.989% ),
Mg-Mn (0.998"* ), Mg-Ba (0.997* ), Mg-Cu (0.994** ), Fe-Al (0.998" ), Fe-Zn (0.995* ), Fe-Mn
(0.996™ ), Fe-Ba (0.997"" ), Fe-Cu (0.991** ), Al-Zn (0.993* ), Al-Mn (0.999* ), Al-Ba (1.000* ),
Al-Cu (0.994* ), Zn-Mn (0.991* ), Zn-Ba (0.995" ), Zn-Cu (0.998" ), Zn-Cr (0.971* ), Zn-Ni
(0.969* ), Mn-Ba (0.999 ** ), Mn-Cu (0.993** ), Ba-Cu (0.996* ), Cr-Cu (0.964* ), Cr-Ni (1.000* ),
Cu-Ni (0.962*)

Ca-Fe (0.957% ), Ca-Al (0.974* ), Ca-Mn (0.954* ), Ca-Ba (0.971* ), Mg-Fe (0.965* ), Mg-Mn
(0.952% ), Mg-Cr (0.990 ), Mg-Ni (0.997* ), Fe-Al (0.997* ), Fe-Mn (0.999* ), Al-Mn (0.997* ),
Cr-Ni (0.998** )

TE: " FORAE, ™ TR BEA,

AT HA 15 X, 33 XA 12 X, A R I A A o0
g, B T R AR CPE R Ca-Mg-Fe-Al-Zn-Mn-Ba-Cu
I Cr-Cu-Ni 2 ZAH G T8, 5 7] 8 41 0 3 () G Xt e
HFIE D, Co-Ni AE A R BRIAS [ 70 £ 2 4 5t W 28 4 G
B B E A,

2.7.2 WEEMRT IR GRS MAESTHH KA Simca 14. 1
ARSI 2 YORAE 28 FIREAS DL R BT A A S REAS o K
Ca, Mg, Na, Fe, Al, Zn, Mn, Ba, Cr, Mo, Cu, Ni 13
FhOCE M B B OPLS-DA 43 #r, L5 LA 2~3, DL VIP
{f>1 H P<0.05 #4545, Fe. Al, Mn., Cr, NiSFpTER2
UCRFEFEARM FEXFICER; Fe, Mn, Al, Mo, Na 5 FioT
ERE AN 2 RIBEARM EZEZR LR, WK 4~5, H

VAT, MR R TR, BR Fe, Mn, Al4L, Hrf
Cr, Ni ZEAFFEH P HHEKZER, W Mo, Na iz
AR K AN HA
2.7.3 MIEMRFZEFITTRMSMBISH X 2 GORFERE
KIBEXESETTE Fe, Mn, Al, Mo, Na, Cr. Ni ZFH K
LLONRABAL AT AT, BN 2 R EEZS AR EEAR T Cr,
Ni, Fe, Al & f Ffi % A <o R4 A 40 B0 W35, Mn,
Mo, Na, K JCRMAR EFEZEF AR, HXAFEAZES
WA, SEEH A e, 51 WO 24 5 B R )
FIE Cr, Ni TREWAN TR, mAlE XA CroE 2
SN, NI TCEBATEA, Fe, Al it 24 5] 4 434
e b Bl R A R 25 YR AR n, 5 2 Rt Zh 5
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(ZBFEHAFE-WRBER, % &1 230031)

WE: BE BEHRUS AP RR R ME TR MR H MRS, i 60 FIREBEHLI A I FIILEE

41, HR4130 B, XIRYLLL TR S A AT T E, SR AE X IR SERE A H ARk, J7 R 12 )8 K
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