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3.48 mg/kg, mHEHAR (FFHUEEHAK) MM IR & BE S, MIZsIEER. Wi/ Wik, =3,
EE A R, AW EITRA S IR L, R A R A b A A —E 2
AKE TFAA U 0B AR (1.99 £0.95) % 5 o AR ZE PR A8 T 204 B T0/FF TRFAA B 24, iz
M I S BRI B IR K. 32 IR AR AR TP A e L0 AN Gd 5237 TFAA B /- SR BLie
FOR, M OCE SR AR R IR AR,

KR IEi; KIS Moo SR EER; FRAE SR

hESES: TS272 XERFRIREE: A XEHS: 1674 -5639 (2019) 06 -0029 -08

DOI: 10. 14091/j. enki. kmxyxh. 2019. 06. 006

Characteristics and Correlations between REEs and Free Amino Acids in Camellia

Sinensis Tea leaves from Lincang, Yunnan Province
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Abstract: As the original place of Camellia .. , Lincang provide special tea products. Based on ICP-MS and colorimetric data, the pa-
per focused on the characteristics and correlations of rare earth elements (REEs) and total free amino acids ( TFAA) of 37 Camellia
Sinensis samples from Lincang. The results are as follows: the total content of REEs in those tea samples ranged from 0.21—
3.48 mg/kg. Pu'e Tea (especially Pu’er ripe tea) in Yunnan deserves attention for its high content of REEs. Light REEs content is
three times as that of heavy REEs, which means light and heavy REEs are fractional. The REEs distribution patterns of Lincang are
similar to that of Yunnan tea; however, there are some certain differences in contrast with distribution pattern of tea in Fujian and other
places. The mass fraction of TFAA in tea samples (1.99 +0.95)% was slightly below the average. Rapid and stable withering and
fixation ways could be applied to keep TFAA while stack fermentation resulted in large TFAA loss. The correlations between each REEs
and TFAA in 32 non-stacked tea samples showed that all of light REEs, together with Gd had significance negative correlation with the
TFAA; on the contrary, there are very significant positive correlations between each REEs.
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FZ5 (Camellia Sinensis) 1)@ M¥5, 7 i K 5®,
TR, W

i+ 62 (Rare earth element, REE) Z41H|
SRR ICER MG H BB AER Se MY gehR,
35 7 #% REEs JtE (LREE-La, Ce, Pr, Nd,
Pm, Sm, Eu) #110 fi& REEs Jt & (HREE-Gd,
Th, Dy, Ho, Er, Tm, Yb, Lu, Sec, Y), H
Pm TR A ANTILR, H0Z5EYEER.

T3 ) REEs X 4 38 ik & X £ R i 1 B
AEELW . RPN AR R 2L
w(H) >w (M) >w(Z) >w(HH) >w(Hh) >
w( L) 1S Bl Sl A& 951 REEs” .
1MFMNEPE REEs DL g AL 40 5 WL . B 7B ul
INGYFEE AT REEs DASE R 0 AR S TR 31
TR, DER o LABR IS 1 3 3 i v ) A S TR A
WA —ERT IR AT T ks =R )2, TG
1 L5 - TSR

SRS, #EAMY 0 REEs KE 4 [8 % T
MIEE, REEEETFAIUY Ca°', Mo®', Fe’ B
T AT R RCAL, X B AE P A A Ak R A B
R ORMEEN, AR RMERSERSE,
WSS Sy, ANTA R s YRR 2 7 . L
WPE AR R, R, T L
S A S Z PR RS, ] SRR AR R
GRS EIRTE, R A SR MR
EbocER, REEs BRI H “fIRAR — wrdm ik
FOw 0, R R G R AN MK SZ i )
REEs e mf, MY LR 2055 B B R
REEs JTTR IR A FAER]. ARAF . b 55401
ANfAl, ZEM ) REEs JTR KZ9H 10% ~20% kA
Zo'", IR RN E B, B REEs $T
PR BIZ . T, OIS RGN IE R Zhie. BF
FE TR <0.05 me/kgH Rt REEs 453 T A
TRBERRE, H I F R AU 2o AR T TE S

BB AR (Total free amino acids, TFAA)
EARMKR MY h & ERESAAE, B o2k
ARG, # G2 T o (THE) 1% ~
4%'°1. TFAA A5 ZRNEE I, I AR R
B B HANGIREEY) R, W TEA
A U U B R, SASm i Ly, A
FAEADE, XTAEM B KURIE S . BT . S
E AR L

DA T 2 45 H it ot PR P S e i F o 2 22
%qjﬁ F[ISJ , Al[lﬁ] , Mgm: , Mn[lsi , Cu[l9] %?ﬁ'ﬂﬁ
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ZWy . JELWR . WSRO0, iRt
REEs 5 TFAA f) KRBT A Z. TEARREE A
i, AR SR HAE A5 S, REEs XAt
IR O () RS R R R TR, A AT AR e
WL, MEKZ RN L™ . WAL
9, REEs A7 B F 34 s s e or:, O B AR 22 2
FR AR L .

I 8 R Fh SRR BE AN H, AR Rk, AR T
F AR, A R o 7R 2 L AR 1 it A -
HAME, 13 REEs B iZ A 7= i REEs f9 £ 2
RUR. HER LA 5 REEs 4 U E, 455
REEs JTE MR 5477 B JERIR P X R, AL
ST 37 Ak A G TS HE, SR ICP-MS
e HAS REEs TR & &, A4 TFAA
() o e A BRI, P SRR L A0 A R A
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BEE Ry 2 100 H.
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E A 04 8 M i AR Al il g, DL L,
Co, Y, Ce, Tl R A brER M (3£ H Agilent,
5188-6564) NHIETEE, Rh, Re brifiiail (EXK
AEa)E LR il G ) S AR
S K Ry Atk
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W R R R 1R S B SR A B A G AT 31

f2) =1:5] 30 mL, Jn@mEELSAE, B TR
BB, BEELAE, NIGRER, “HE L
2% WSR2 R PEGE A 2200 mL; Ay ab 325 [k
A BHRESHE 3 AT

ICP-MS i . IRALALER A5, A S MR
SRR RENE . REUE. . WA SECT
HEATIE. LA Rh Fl Re ARifER A AR, Li,
Co, Y, Ce Fl TR bREV B R IS W, & —
MRERRE RS . 25 IR IROREE AT, 240BRa A
EROE T SUZRE AR I
1.3.2 %% TFAA F& 9 %00 &

FESHRTAR R ;43 R R IO T S R AE 2R 2%
MRS 1.5 g T 50 mLEL@EH, A 60% L
45 mL, 80°CHEIR/KA 45 min, FEHUS T JEVESER
#2 K, ERZE S0 mL.

PR T AE 4 il 2R o ol I IR B VR Ol
1 mg/mLA& & B AR 0.0, 0.1, 0.2, 0.3, 0.4,
0.5, 0.6 mLF25 mLEL@sH, 451nk 4.0 mL,

WEIR R 22 vP W (pH8.0) 2.0 mL 1B = i i W
1.OmL, 7K 15 min, B H 5 E % E 25 mL,
10 minf5 #4570 (A =570 nm).

FE I e E RO 1.0 mL, A
25 mLIL @A, K 4.0 mL, BEEREESE P
(pH8.0) 2.0 mLAIEN =¥ 1.0 mL, KA
15 min, BHGE A ZE25 mL, 10 min )5 #HF70 &2
(A =570 nm).

1.4 XA

5% GB 5004.94—2012 | ¥4 %kt h 4 REE
Gy B Hbn S % E A, R SPSS23.0
A TEHR GRS FEAH DG 73T
2 HR5IE
2.1 &P Z%5AH REEs TEAERAL

= I V8 T 7 A R A Wt O0 R A A RRAE I
F 1, Imie 5 HAACERM” X 5 REEs JUR & &
X EE LR 2.

®1 WEHREIHLERSE (0n=37)

TE Mean/(mg - kg™") SD/(mg + kg™") RSD/% Min/(mg - kg™") Max/(mg - kg™")

Se 0.03 0.03 101. 39 0. 00 0.11

Y 0.15 0.11 74.50 0.03 0.48
La 0.23 0.18 78.57 0. 04 0.70
Ce 0.36 0.27 74. 66 0.07 1.11
Pr 0.05 0.04 81.20 0.01 0. 14
Nd 0.17 0.13 79.76 0.03 0.52
Sm 0.03 0.03 79.77 0.01 0.12
Eu 0.01 0.01 71.31 0. 00 0.03
Gd 0.03 0.03 80. 41 0.01 0.12
b 0.01 0. 00 74.07 0. 00 0.02
Dy 0.03 0.02 77. 84 0.00 0.09
Ho 0.01 0.00 72.26 0.00 0.02
Er 0.02 0.01 75. 81 0.00 0.05
Tm 0.00 0.00 68. 60 0.00 0.0l
Yb 0.01 0.01 78.75 0. 00 0.05
Lu 0.00 0. 00 69. 66 0. 00 0.01
LREEs 0. 84 0. 64 76. 46 0.16 2.53
HREEs 0.29 0.22 76.25 0.05 0.95
REEs 1. 12 0.85 75. 66 0.21 3.48
REEOs 1.36 1.03 75.69 0.25 4.21
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2 1 oal g, miE KA LAY B
(SREEs) & (1.36 +£1.03) mg/kg, 2y RFE 1
P S AEHA-FME (163.86 mg/kg) FIfHh F 15
R AT (153.80 mg/kg) = {9 1%. H
+ICR IR+ k3, LREEs 5B 75%, i
HREEs {5 25% , F£KWIZH 1 HREE % 4= U] 53
¥, LREE A7 8Efm).

WM oo R S EHETH—E, DRE T
WMTF: w(Ce) =31.89% > w(Lla) =20.20% >
w(Nd) =15.09% > w(Y) =13.55% > w (Pr) =
4.03% > w(Sm) =3.07% > w (Gd) =2.98% >
w(Sc) =2.44% > w (Dy) =2.38% > w (Er)
1.37% > w (Yb) = 1.33% > w (Eu) = 0.68%
w(Ho) =0.50% >w(Thb) =0.45% > w (Tm)
0.23% ~w(Lu) =0.22% ; Ce, La, Nd, Y X4 1~
TEZ TR AP EY B REES (19 80% L |, SiE 7%

\%

%81 REOs, LREOs F1 HREOs A5 AH Bl i) = FE 45
AT AR SRS R R, KRR
HEICER N La, M £ ICE B o0 8000 A 01 2% 4R
(92% ) , LJp A5 vh il 19 Jox o 70 BCR AR T 5209 Jox
BB W A A BT A 22 ST RE S R[]
27 X A L REAR A, $OR TR
AT REAE J8 Ay 7 b 0 052 A1 1 AT .

X5 M L oC R AR S RBHEY M CV(Se) >
CV(Pr) >CV(Gd) >CV(Sm) >CV(Nd) >CV(Yb) >
CV(La) >CV(Dy) >CV(Er) >CV(Ce) >CV(Y) >
CV(Th) >CV(Ho) >CV(Eu) >CV(Lu) >CV(Tm),
AN FAE G E] REE B B 80, 3 Al RE 5 2% A
i REE 225t i i . m T . RiETEHEZE
MR RTIA L. EL, B RRE S Ba, Xf
FE i R R ST R 53 DL R4S B 40 B0 STt

45

R2 RRUFHFHEL REEs TREE (n=37)

AT 5 5K it
)=S2v4 .
P R sty B/ SR S LY 2% %/ GRLEE IS
(mg-kg™') (mg-kg™') (mg-kg™') (mg-kg™') (mg-kg™') (mg-kg™') (mg-kg™")
1 1.29 [29]
Gl
2 0.28 ~9.30 [30]
3 0.84 ~10.78 [31]
4 sE@ 0.63~1.21 [32]
5 1.37 ~3.36 1.37 £0. 68 3.25+2.94  1.52 £0.60 [33]
6 W 0.20 ~3.70 [34]
7 WM 0.54 ~1.28 0. 10 [35]
8 Iy 0.00 ~16.10 [36]
9 it 0.20 ~1.41 [37]
10 By 0.20 ~1.56 1.69 [38]
11 0.26 ~4.07 [39]
12 =F 0.08 ~1.63 0.16 ~2.68 0.20~2.03 0.64~3.12 0.08~3.12 [40]
13 1.19 ~ 1. 64 2.55~3.32 [26]
4[]
0.01~1.26  0.29 ~4.40 0.62~3.72  0.20~6.90  0.30 ~7.60
[X_[]
14 [41]
ENE|
1.26 £0.79  1.11 +1.00 3.72+2.39  1.41+0.84 2.29+1.43
e
s v 0.49 ~2.12 0.21 ~3.08 0.48~1.62  0.89~3.48  0.21 ~3.48
Py Es (n=3) (n=10) (n=19) (n =5) (n=37)

MR 2l deT5 A Aef Lo R SRR T
U7, G TR IR 40T R & R AR R E
AL H AR B, WA RE W =

AR SN IR T D, Wt F ORI
. HARmAENR AR OR TR, HE5]
EFA, M REEs & &3 Bl 8 8z vy Ho Al 4 B
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/N, REEs Bk CV(&RoR (LL%) < CV(EH
AZR) <CV(EEZIR) <CVv(SJeR), Wik, 5
T 25 13 H SIS L B O i T 0 A 1) 2 O i X
. ZBIEBIAFR LB R A - R, BREW
TF2 B YR N SR I ) R 2 S R AR R I 3K

F1%) 21 e B .

2.2 WGP AR TRAA Ji 3 o H
WA (n=37), XA H TFAA {1 )i

ORI E, KIE S E RS R

% 3.

R3 RRUEF TR TFAA RESH (n=37)

[ A A Z:I‘ﬁjj]”]:?ilt A — Bt % F
N}/ % B/ % B2/% FHEAZE/%Y  5/% LK/ % HEBIK %
1 1.87 ~4.44 [44]
) HM 3.10 ~3. 60 [45]
3 4@ 5.90+0.82  5.19+0.81  5.90 +0.82 1.98 +1. 00 [46]
4 EZH 2.19 ~3.89 (471
5 M 3.22 £0.57 [48]
6 4.70 ~5.74 [49]
3.27 3.37 1.27~2.35  0.99 ~3.35 [50]
8 el 3.68 0. 86 2.41 £1.69 [51]
9 2.570.41 3.17+0.68 1.87+0.86 0.28£0.40 2.00=0.95 1.47 +0.59 [52]
10 9.51 11.30 8. 63 2.00 [53]
11 =/ 1. 69 [54]
12 3.15+1.05 2.00 +0.79 3.09+0.94  0.96+0.31 2.24+1.19 [23]
3 I 3 2.13 £0.05 1.83 £0.76 2.92+0.78 0.87+0.30 1.99 +0.95
KRHE (n=3) (n=10) (n=19) (n=5) (n=37)

HHR 3 AT, A 45FE TFAA JT & 40 8098
(1.99 £0.95)% , AbF LLAHRE R ARK P, X
FEIE TR S S TRAA JT 4 $iod ™
AR IEBERAS TFAA HR 8K, 2145 TFAA R+
BT, PO R BN TFAA THAK, EHA AP
ZETRTE L ARRA SRR TFAA, 28 5
BEHE R B 5 30 TFAA Kk, 205, HHAR
TFAA BTt /-8 s B R, R ATRE N 1)
ZA TN, R AR N R A
FUEs 2) gog, WHARMEAREAL. Wik, A
WL — BRI FE AR, DL ARAS B R oA 1Y

2k
2.3 ZXH REEs L4 E5%% TFAA REo &
F8 % 5T

PIBRIG IR AR b b T IR A W 2L TFAA ek
AR (n=5), FEEM (n=32) REEs
Bt TFAA i/ B AT DU ARG o0, 45
R 4.

hm#FE4 v LIEH, i LREE (La, Ce, Pr,
Nd, Sm, Eu) ¥ 577 TFAA 2 8 & 7 A C,

HREE H1{% Gd % 515 TFAA Jii & 40 B0 5 B 2 G A
X HESHER LI OR SE. Motk B
+EMAY BE S TFAA BEAMK, mMER TR
B TRAA JCHI G,

PIEf 5 TFAA 2 A KW 45 5 X
BREO 1 R (Y A B S TR S 45 M A
HLJF R AT RE AR L onE I ARG, 1 e
ARpLRE T O R g 2 KRR R A R
R g2 ah, FHERRE LR
W, R T ICIA PR A R B S SRR I RTRE
DR A 2 s 1 B 11 S 2RI AR A P T i s
WK, MImsRAYR R

F A4 KW, IraH TR S R R R
IEAESG, XAAE T FRAE A ME R £ TP
IRES. BMRTE, amlGveH X AMEMER T
B, XML AR . A HERR TR S B
2T, ORI 1 3 X A 17 5
Ay AR b, HEBR N To7 . ZFnt i |
BT LRI TR, A LA TFAA [ 4H B G
A AR RS T EIRAHT ST .
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&k HLEG FALEL M (D] SIE: PEBEARR

SIATERARET, IR A A LT R E R
I 0.21 ~3.48 me/kg. M ACHE (Hp 21
DI R OCR SRR, EATEE.
LREEs 5%+ a1 75% , T HREEs {5 25% ,
BREM W E W Sm LT R EAEF N
w(Ce) >w(La) >w(Nd) >w(Y) >w(Pr) >
w(Sm) >w (Gd) >w(Sc) >w(Dy) >w(Er) >
w(Yb) >w(Eu) >w(Ho) >w(Th) >w(Tm) =
w(Lu). Ce, La, Nd, Y X 4 ML ESZE LA
REEs [ 80% L) I, #4725 B 2K M £ o3 Aii 5,
5t S S A Lo AR i 22

e 2 - Fh LI B R IR S R O (1,99 =
0.95)% , BUAEREIRIL. WML TZm S, B
REEFECTFAA REAUR, IREZERRE LA
T TRAA #5155, DRAF ™ dlndi e, T2 5%
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WARHE— 2. & LT R & R0
TEAASG, FAESZANEERR 15 e,

[ &% 3]

(1] R ZRPEMIE: m [M]. 7 TR AR E
B BRAT], 2016.

(2] EhnpoE. A b 5 X 5% el b 3 0 s R 5 i WF
5% [D]. BB pOiRaE, 201s.

[3] &k, ®waiat. IR L ITR I ES T
B [J]. AAFHM¥R, 2014, 9 (2). 213 -223.

(4] FREE, Fa%E, #Hark, % WL WA EY
HERAL2E PG AR ST IR [T]. M 3R A= R, 2004,
23 (1): 51 -61.

[5] LIJX, HONG M, YIN X Q, et al. Effects of the accu-
mulation of the rare earth elements on soil macrofauna com-
munity [J]. J Rare Earth, 2010, 28 (6): 957 —964.

[6] TEARM, EWLL. W HAEAR L HOFsEstE [J].
i+, 1996, 17 (4). 46 -50.

(7] 24, HBTH 5t & 337 00 5 85 L & 5 o F 5
[D]. #&: FELIKRE, 2010.

[8] Aoufl, ®ix®, DA, & Kb Laiky
SV IUR B ARRESR ST [T, ZmRlee, 2011,
31 (4). 349 -354.

(9] Emx, ML, BAkoK, . RIEME & X AR
W AsEEEELGENR [J]. EREemEt
M2#4%, 2015, 6 (4): 1229 —1236.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

21999,

A ERARBEESERIE A HKH
BfbAT o RAESS . MUY RS E R [J].
i tf5B, 2002, 19 (11): 2 -6.

e, FEEK, BAME, % WEERMSSE
ST R R RARAE (], Wrim kB2, 2015,
56 (12): 1933 =1935

SERAE. ZEMAiks (M. dent: s ELO R
#1, 2003.

A @IS R AR R [T BN R,
2012, 40 (4): 54 -57.

KA, TRZIEL, ZEEAE. HUMEER A S AR T
FEaansEm (1] mongolRlaE, 2012, 40 (6):
283 - 286.

W . REERXTIIVE S L2 nt S By sm (D], Ak
22, PNl AezE, 2007.

AR ERA RS OR 2R A SRR AR RO K

AT (D] Kb #iF AR, 2006.
. JRUEL A 25 A 0 WA e 3 B R B 4 R AR T 5
[J]. JKEARF5EAR, 2018, 38 (2): 71-74.
B, EAE. AR5 R R A A DG 2
[J]. PiREALl2A4, 2003, 16 (1) 51 —53.

A, BrdE, W SC, SF T)IE A LA
TIEEREICR G R BUCR (V] MR
%, 2008, 27 (4). 101 -106.

P SCRK, AR, AT R R LT R A 4L
EREVIE [T]. KABHL, 2018, 20 (4): 44 -
46, 65.

WANG D F, WANG C H, ZHAO G W. Composition,
characteristic and activity of rare earth element-bound
polysaccharide from tea [J]. Bioscience, Biotechnology,
and Biochemistry, 2001, 65 (9) . 1987 —1992.

M, B, BRIk o m e ORI RO R
ewrse [T]. BWlEpe ik, 2017, 39 (3): 34
-39.

e NRIEFIE AR, AR b REEs JER Y
W€ : GB 5004.94—2012 [S]. dbxt: op [ bpifE
fiAt, 2012.

TEAR, 8530, . 2R REEs JTR 41 &
FAERZS [J]. Z8nFRl, 1999, 19 (1) 41 -46.
S, Bk PR X E A TP L OCR K
HEMY & [T]. RWIERE ik, 2018,
40 (6) .27 -31.

H, SR, B8 SRR AAS R 1
ML CR I & XIBE A (1] BRYEB AR,



36 W] Be 4l 2019 412 H
2019, 41 (3): 48 -51. [41] &g ENMHERH R ERAE (7] RR¥

(28] Fa#Efgh, ., XKV, % SFkmdfitooE BesFdle, 2016 (9): 12 -15.
HRAMBEEMANSIE [T]. fWRER, 2017 (8): [42] hEFAEEN S, PEEPFOTRETE (M]. dt
9 -10. 0. PEFEREHERAL, 1990 289 —329.

[29] Zftar, WM=oL, B MEIBREPHLITEDN [43] BR¥R4, XHE, HIME. tEds LIEASET RE
PR R A [J]. N4 T, 2014, 42 (18): W5 [J]. HEERaE, 1992 (4): 70-75, 95.

166 —167, 174. [44] XL, W#E, K, & HFSEPIrE AR

[30] fRiE$E, ZHLC, JAAY. SHNME L5 - W R HOMEFAr AT [T, ARFARSS, 2015 (8): 81 -84.
Goifs LonE S REE [J]. Wdegl R, 2015, [45] kg, 88, =, 45 OPA H:FifiT4: HPLC
54 (21): 5395 —5398. MEE SRR AR [J]. maEskn, 2013 (1)

[31] #EAuk, THnE, ML P E 25 L3 - Z5n i is 19 -21.

TICR M BR LA RAE [J]. B L, 2018, 39 (2): [46] BRMR, BReE, TRHm. A RS2 2 m A
141 - 147. BRERAFREAWEE [J]. WEL DR,

[32] Bmrude, #RAs. W HAERILAEHE L3 - Xk - 259 2017, 32 (3): 287 -293.

RGP IEHIIIT [T]. 822 B A 24 i, [47] 6352, MRRKE, B, & 4 DNERNILANEIR
2017, 8 (1): 265 -269. AR EERNA R S [T]. ZRURE K2

[33] AROL, Whysse, ofligk, 56 WA ETAEH L fix, 2017, 44 (1): 14 -21.

TRXIE AN A SRE [T]. P E R R, (48] EgMS, skbl, s, S 3 E AR B
2016, 16 (10): 190 - 196. Sardr [T]. S AT, 2016, 42 (2): 178

[34] AR, wIRY, MM NERMm TR & - 183.

S [T]. B2, 2018, 9 (2): [49] 72, REv, 28, . maE BRI Ah I 2t 2
318 —=322. S EEAEMEUY MR E RO [T]. PRk

[35] kAR, skAIEE, sKiGE. MmRA AP LooRR 4k, 2017, 30 (3): 559 -564.

BAYHT [J]. AN R T, 2015 (3): 34 -36. [50] B, Pk (W) BORX S B 2 IR i

[36] ki, Jarde, asckh, 5. TR PR LT fFgeit e [J]. SAIMMAYEIE, 2016, 38 (4):
FAEE [J]. sPEEZ S, 2016 (11); 212 15 - 19.

-214. [51] %%, DobfE, WIBHMH, % A isatm s &

[37] EEMH, #AW. AR 5 FPAS G+ 5 s R e (1], TR SR, 2016, 33 (1):
[J]. BEREIESTT R, 2019 (9): 159 - 164. 51 -52.

[38] &M, BR, 20, % PRAMRE LT [52] WREK, dmPRAE, XNMEHT. ARIFhIE A i ) 5L W
FROERFSE [J). WPEG 24k, 2014, 32 (6): 758 Worzmoatr (1] gaF4, 2017, 42 (6):
-762. 258 —263.

[39] T, 2FM, KSW, % KA ICP-AES JLf [53] LR, Bk, k& AR LT LZEER DR
RomMEEAR LS [J]. i 508040, IR TR B e sE [T]. SACE SR,
2010, 30 (10): 2830 —2833. 2013, 29 (4): 872 -876.

[40] Z=fPg, 2P, &kuf, % A P SURAN N A [H) [54] PREME, YA, HiR. = w8 R G v bt X 45 ™

FER M ARG £ ou R (1], RSB,
2016, 38 (3): 53 -57.

anily B A SE I B RN e BT (V] RSB,
2017, 39 (3): 30 -33.



