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Biological cycling of Koelreuteria paniculata plantation microelements in Xiangtan

Manganese Mine wasteland

LUO Zhaohui'*, TIAN Dalun"* ", TIAN Hongdeng'?, XU Luyan"?, LI Xionghua'’
1 Central South University of Forestry and Technology ,Changsha 410004, China
2 National Engineering Lab for Applied Technology of Forestry & Ecology in South China,Changsha,410004,China

Abstract: Plants have been used to mitigate pollutant concentrations in contaminated soils. In order to understand and
evaluate the possibility of Koelreuteria paniculata species in Phytoremediation, a study was conducted in an abandon
manganese mine wasteland in Xiangtan to examine the characteristics of concentration, accumulation, spatial distribution
and biological cycling of 8 microelements (Fe, Mn, Cu, Zn, Pb, Co, Ni, Cd) in a 5-year old Koelreuteria paniculata
plantation,. The results showed that the concentration of 8 microelements in the plantation soils was in an order Fe>Mn>Zn
>Pb>Ni>Cu>Co>Cd, and the concentration of Fe, Mn, Co and Cd were increased with soil depth. On the litterfall layer,
the concentrations of all microelements were enriched except the elements of Mn and Co. The concentration of Mn and Co
was decreased in both semi-decomposed and complete-decomposed litterfall parts. The concentration of microelements in
different organs of Koelreuteria paniculata species was ranked as: Leaves>Branch>Fine root>Bark>coarse root>Large root>
Stump>Stem and the concentration of 8 microelements were in the order of Mn>Fe>Zn>Pb>Cu>Cd>Ni>Co. The total
storage of 8 microelements in the plantation was 15.27kg/hm”, the storage of the microelements was the highest in branch
and stem, which accounted for 54.2% of the total storage of the microelements. The storage of microelements in organs was

ranked as: Branch>Stem>Leave> Bark>Stump>Large root>Coarse root>Fine root. The annual absorption annual retention

EEWH : FEMAL AT LRI D(201104009) 5 1RG4 B0 TTHH ORI 207 [2010]70 ) s KGR R 5 5 H (K1003009- 61)
Y Fs A #A:2013-04-28; 81T B #A:2013-08- 19
# W IRAER Corresponding author.E-mail ; csuft_tiandalun@ 126.com

http ://www.ecologica.cn



6518 A E = 33 %

and annual return amount of microelements were 5.26kg-hm™a™" | 2.50kg-hm™>a™', and 2.75kg-hm > a™' in the studied
plantation, respectively. The utilization coefficient, cycling coefficient and recycling period were 2.39, 3.14 and 11.20a,
respectively. Our study indicated that Koelreuteria paniculata plantation had a high ability to absorb and enrich Mn, The
plantations had high requirements of Mn for maintaining growth, a high intensity of cycle, and short turnover time. In
addition, Koelreuteria paniculata plantation had a relative high ability to stabilize the nutrient contents and to adapt the
changed environment, which provides benefit for maintaining forest productivity. The results suggested that Koelreuteria
paniculata tree species could be selected as a prioritize tree species in phytoremediation in abandon manganese mine

regions.

Key Words: Xiangtan; manganese mine wasteland ; Koelreuteria plantations; microelements; nutrient cycling
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TARA S R GER IR G IAEGE A AL RARSE Y XEAR BT X S 5 4 SR A A R B AT T 5T,
H TFTERERMAE R RG T — DR & 2 MR 2R D RE i Fe 2 — , B350 0 5 R A= 7 I3 FIE g 7K
SO SRS R GRS IIREI R RVE SRR R A A EENE X B, A B X R
FEHE AV TR G — 2D BIBIETE . it , A SCLIME SR B 5 4542 280 N IO IR R4, 20 #r 128
W5 b G i RGN T B AR TS Y IXAB S R DA A A e A Y I AT AT
AR R GEFR IR AR AR BR B M2 2 2 7 0, B 3 0 AR O B 5 SR I 22 DU 7 XK
FEH A K S 5 EE ) B PR L R B S s SR R A AR
1 KIG R

WALV 3 M DX T390 g 4 R VR Tl B AR 24 14km &b, AR S0R 17.4°C 5 ¥R K & 1431.4mm
DI A RS RIS A R AT I8 I T A T A 7 SRR R — R R AR AR A AR S R
45, FEJEEAM YA i3 ( Lavandulaefolia ) K1 U ¥ ( Juncus effusus ) . F. 1575 ( Miscanthus floridulu) ,—
43 ( Erigeron annuns) &5 2008 AETEWT X T IR S kb R FH 2 AR A 2R ( Koelreuteria paniclata) (Wi 1.3 m,
A2 1.5 em) SEAE T, 927(0.5mx0.5mx0.5m) , % £ 1. Okg, M AHE R AE 2 3 EAT N T8I, BRATHE
1.0 mx1.3 m, HEEYARRG REF, 2011 4F 10 J 7538 AR 152 E A5 o 00 AROR B A2 FAR &7, O TR
S RAR SR AR AR Y RO AR AR A (R )

F 1 AR DIFE
Table 1 Characteristics of the investigated stands

ST 2 ) o } TN e
R MG B RS S EE q;ﬁ]ﬁj = BARRA:H) i individual biomass/kg MJZJL?E MRAFEE 7= 7
Age  Stand density Average DBH hvériie + W i s i Py bi o productivity
- - omass
/a /(¥k/hm? /em 18 Al ! /(t-hm™%a™!
( m) /m Stem Bark Leaf Branch Root Total /(t/hm?) (t-hm™a7")
6.12 5.81 5.51 1.15 1.18 2.36 3.09 13.30
2 . .
3 366 (1.13) (0.51)  (2.03) (0.94) (0.80) (1.95) (1.00) (4.93) 3411 6.22
H5 RS A bR D
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2 WARFE
2.1 MATAEYENE
TERFSE KBRS P, 5 8 [T s Al 2 e, AR TG AR 667m? o 7ERE MM 43 PN AR 32 33 47 9 4 43 90k 64T 4
AKVEA SR R T, SRIGIRIEARAR A AR T 2V R34 K (6 A PR 145 1 2 AR v A 1
PR, 3t 6 R, FEBLIAHE AR AR AT IR AR, A Z VIR 4% 1m X0 B, E AR AL i (a2 )
R & B MR R RIA 28, 2 (R 3k KRR (d>0.5em) JHIAR (0.2<d<0.5¢m) IR (d<0.2cm) ) I 5E
WETE  SRIT TR RS E A IR BUNEA 1.0kg, BT 80 CHA Mt EEH SRINKASER TE' MRS
Prit i 6 BRAREAR 1T SA{ERAS s R W it B MROR B PR 28 ) it 3fe AR 2 BRESCR 15 5 Moy 2E 77 1 R AR 3
AR AR,
2.2 MROPAERL T 2 A I
R BENLIR B 4 A Tmx1m B/ME R 8 2E R E 50 3 )2 RGO 7 6 5, P-4l
WAEA 1.0 kg, BT 80 CHEAT UL IHTE
2.3 bHEREACRSE
TERLBIK S R RE L 400m Ah2s X BE 4515 B 4 ANEEHD , B D RE IS 3 AN RAE A, B SRR S 1%
0—15,15—30,30—45cm 2R, 73 A AE 1kg, R 14 72 4, KBRATRS 240, T )54 20 H A 100 H
i, F o TEMRE R R IR T B m 4 2 2 00 4 & F/INVIR & IR D 408 K it
2.4 ik
KA+ 3EH Cu Fe Zn Mn . Cd Ni Pb Co 4R H] AA-7000 R JF T W US4 5
2.5 Hdlabe
B ] Excel2003 1 SPSS13.0 #AFALFE
SR FH I FH 22 550 DG A 2 BRI ) B 1) 45 A 0408 B 22 50K 2 AT et oo 208 IR ARRAE, G v R ) R 00R R g o
S 1 HE, RUIMOR AR H A KT i OT R 5 6 20 R AN 1A 5 5 W 1 FU (e, AR BIT R i9E 358
JE 5 JEEE A R e T B A — NG ER A T T (IR | ph R e R A R SR R F R R
A AR ER I A T P i = A7 B e+ DA R R T R
AR F B = (B rp BT R () i/ R AR TR S i) X100
AR R A = (B REOT R IR 1/ VR AR TR & i) X100
A 8 = (B PR ST R S/ R IE Y P AN TR B i) X100
YRR R R = (JTE P ROCR S/ R BRI E &) x 100
3 HBREHW
3.1 ZERPMGRE TT R A AR
311 Mt I RCE TR AR
RN TAR S T R M & 3R 2 PR, 7R 280 N AR - 58 Fe & f s, Mn IRZ, Cd &A1,
BEITCE S BTN . Fe>Mn>Zn>Pb>Ni>Cu>Co>Cd, HH' Mn Fe S EAEHNBEHZER Co.Cd Y
Fe Mn . Zn .Pb G HER2ER, SICRETIEZPNITEE /340, Fe Mn ,Co ,Cd 7% B TREE RN i 3% i, 21
X PUFRICE Z) g AR T ) R . HABITER M9 & R A AR R B — B R M R X LR T
R IR, A 3R MR T R & 8 2 LT RIS, o M 500 BE A O R AIG B 0 2 | 3R
78.578% . ULPHZSMXTZ A IR S ) HIEE SR T R BA — e RAEA, JUHJE X Mn B8 R B8 B
F. gt da MRYIBE bR Fe AN HAL LA E 48T R W S =i e 4 56085 S8, (HER Cd LIS,
+- e HoAh T 4 B ST R AR AR 1 TR, X v RESE RO AR B A R i, MBS R e, E
o SHEY X 4R B AR A R G,
3.1.2  MRHAEE R RME TR S
3 FNH T ARG RL B R AR TR AR RN B TR & ik, nTLUE 1 2SS P 7 53
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figp st R Mn 1 Co MR 21> 3 iff iy B2 5135 T 0.186% F1 17.518% , (E 70 i 21 2 3+ ifk B B 1%
I3 0.194% F1 57.543% LAA oot 3R RIS (8] B HERS 5 G 2 S 38 a4, UEWIACA Mn F1 Co M 31|
E By Bl 3R 8 , AR JCRAE AR o i B b 227 i B 1 R R A AR SR AR 4, 2L Ph A Ni T
Rt iR 2, 735N 75.3819% 1 73.495% , H G AT UL, AN [5] A9 ol 0 38 7R AN [) 9 70 ik B B HG 5 B AN 58 4 A
[5] , [A]— AP ST R A A R A o i B B AR, BeAh , A R A FIB BOS e e 35 25 5% (e i i
FErf Mn JCR & EHE THAMITER 55 Cu Pb Co Ni Cd PIFFFERR R 2E S

R2 HMHTERETESE

Table 2 Microelements concentration in the forest soil

T ERE Fe Mn Cu 7Zn Pb Co Ni Cd
Soil depth/em /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
0—15 28735.149 1539.229 48.867 221.885 238.836 16.276 40.223 6.276
(28.868) (34.666) (5.345) (4.697) (4.518) (5.210) (3.220) (0.384)
1530 28759.925 1396.493 64.385 221.002 218.098 17.351 39.307 16.846
(35.079) (18.896) (1.392) (4.278) (1.086) (3.542) (4.233) (0.639)
3045 28769.000 1420.413 56.298 224.714 225.966 18.320 39.351 17.193
(42.604) (22.604) (6.081) (4.262) (5.052) (2.614) (6.327) (0.383)
FIHE 28754.892 1420.413 56.517 222.533 227.634 17.315 39.627 17.193
Average (19.268) (22.604) (3.128) (2.356) (2.495) (2.072) (2.495) (0.383)
Xof HE i 32474.777  6630.527 67.332 630.096 625.204 35.392 213.872 15.126
CK (3.376) (46.385) (1.554) (1.553) (0.795) (0.708) (1.370) (0.445)

RSN R
Background value

155 B AR iR

34000 441 27 95 27 14 32 0.126

®3 HHRHEHERETZESE

Table 3 Microelements concentration in the litter floor/ ( mg/kg)

B Layer Fe Mn Cu 7n Pb Co Ni Cd

- Y /(mg/kg)  /(mg/kg)  /(mgkg)  /(mg/kg)  /(mg/kg)  /(mgrkg)  /(mg/kg) /(mg/kg)
Py 217.497 536.766 2.320 71.434 14.727 0.678 2.025 0.685
Litter (1.809) (0.461) (0.03) (0.2567) (0.593) (0.091) (0.172) (0.028)
2y fi 238.976 538.650 2.365 72.312 25.124 0.822 3.337 0.745
Fermentation (1.627) (0.351) (0.043) (2.465) (1.501) (0.062) (0.170) (0.040)
257 277.586 516.635 2.405 73.166 59.820 0.349 7.640 1.135
Humus (3.906) (19.392) (0.031) (1.560) (3.355) (0.152) (0.595) (0.321)
Sy 244.686 530.684 2.363 72.304 33.224 0.616 4.334 0.855
Average (8.890) (6.616) (0.023) (1.149) (6.901) (0.089) (0.868) (0.117)

55 PRI b

3.1.3 MR TR & A

T4 TR A AR OCR IS i, ATRUR ) BCP Fe i dRcm, SRR AR AT Fe S BA
BEES HST B MK A 3522 5, Ul Fe 32 4E R AERL HHAIAHAR 5 - rh Mn 28 548 40
WRBAT BF 25 SHALS A BEZR, U] Mo EZE PR il B2 T I Cu TR 1%
P e Zn ERERAET M- A Ph T A PR I RARSL  Ph & A SRR AR B B HLAR
TR Co By & R T B ARKRAIRAR , HLAT 55 & & RAF e 35 22 59 NI R B e A v, HL
FAbL 73 Ni & B BOA 35 225 BRI G Cd S AP fE2E 5, -5 HAt A B ¥ 0 B 25 57, U] Cd 3k
TERCH iR AL B Cd 5 5 A 2], WA A O ST R B R 5 AL & A 5 2
S, ULl LU VRO 2 SRR 25 W R TR AR B R 25 THA AR E . U, AR E X
JLR AR A R 22 5, A —MOCRAAEA RS E & BAEE R, A4 E LR & RIUT N > B> 40
AR>S B SHURS RARSAR L >, RIS A B R G R & 0 22 52 BEAs B 45 M AT RE 2 L i . MoK
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& ILR BN : Mn>Fe>Zn>Pb>Cd>Cu>Ni>Co, {HAFER AR, Pb — M A E 4R ICER , XY 4
KA#BFEM BZERAAS Ph B & & I A SRR AE R A e i HREE IR W AR K — el T
MR SLXT Ph A & 42 LA K LA TE B 20838 4 Ph 5688 2RI ARSI BEAR T P XA R 2%, ) —
J5 it 5 28R AR AT Ph HA A 6,

R4 MAZASHPRETESE

Table 4 Microelements concentration in different organs of Koelreuter paniculata trees

Aoy Fe Mn Cu Zn Ph Co Ni Cd &t

Organs /(mg/kg)  /(mg/kg)  /(mg/kg)  /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) Total

T 73.544a 89.671a 11.016a 65.945a 33.708ab 0.761a 0.757a 3.265a 278.667a
Stem (3.662) (3.035) (3.227) (10.241) (8.577) (0.153) (0.104) (0.118) (83.297)
5 253.872b  325.745bc 6.626b 57.487b 57.734ab 3.713b 3.209a 8.250ba 716.636b
Branch (11.693) (90.183) (0.245) (10.358) (2.107) (0.212) (0.163) (0.625) (94.865)
nt 228.360b 545.195¢ 2.925b 73.683a 53.842a 1.815b 2.833b 2.256ca 910.908¢
Leaf (18.322)  (16.969) (0.590) (7.104) (1.126) (0.216) (0.223) (0.296) (37.369)
)2 115.896a 351.821b 2.479b 20.817b 29.541b 1.071a 0.937a 2.681a 525.243d
Bark (8.147) (83.377) (0.579) (10.291) (9.444) (0.168) (0.213) (0.325) (74.137)
YR 229.983b  357.705bc 4.600b 33.744ab 34.851ab 1.922b 2.386b 3.451a 668.644h
Fine root (21.209)  (84.263)  (1.613)  (15.526)  (10.230)  (0.202)  (0.626)  (0.230)  (61.851)
HAR 209.685b  195.278a 3.838b 21.422b 37.556ab 1.725b 1.831ab 3.258a 474.592d
Coarse root (3.207) (20.124) (1.062) (9.426) (8.478) (0.155) (0.550) (0.226) (10.788)
KA 99.969a 112.656a 3.490b 25.006b 33.983ab 1.224a 1.002a 3.235a 280.568a
Large root (4.602)  (27501)  (1.048)  (9.981)  (9.486)  (0.164)  (0.095)  (0.153)  (6.302)
IS S 96.094a 95.886a 3.201b 53.381ab 27.380b 1.167a 0.997a 2.733a 280.480a
Stark (6.7722) (1.837) (0.876) (8.553) (4.492) (0.131) (0.210) (0.183) (10.096)
Bt 1427.701 2073.956 38.175 351.485 308.596 13.399 13.953 29.129 4256.395
Total (24709)  (60.362)  (1.380)  (10.354)  (6.206)  (0.195)  (0.347)  (0.309)  (81.381)

155 BRI AR IR ; [R] 91 AN R) /NG 1 3R 22 5 .35 (P<0.05)

3.2 ERIMGETT R AR

M 5 T LLE 2SR AR R T B R 15.272kg/hm® . AR ME T A& Ll Mo i,
6. 783kg/hm’ ,Fe H:¥K , }y 4.781kg/hm*  Ni A%, & 0.050kg/hm* . £5{ddE o & A S K5 4 : Mn>Fe>Zn
>Pb>Cu>Cd>Co>Ni, M E BTG SR E T R A P Bk, o 20.2020/hm™ | (5 MRS A Wi
59.203% , VA7 IR TE 2 AR AT 1Y 54.204% I FIUR B2 AR 0 R 5.9691 hm? , R4S 5 A= 4 2 ()
17.493% ,WAF I IC R b7 30.474% , MR ITCR IV A7 B A FRE - T B I A7 2 5 HAh 2% B A AE
2R IR B I i /N R AR YRR S AL A A 25 R

®5 ERHEEBTENTER

Table 5 The storage and distribution of microelements in Koelreuter paniculata plantation

Hoyr )i Biomass Fe Mn Cu Zn Pb Co Ni cd A1t
Organs /(v/hm?)  /(kg/hm?) /(kg/hm?*) /(kg/hm*) /(kg/hm?) /(kg/hm?) /(kg/hm*) /(kg/hm?) /(kg/hm?) Total
F Stem 14.154 1.041a 1.269a 0.156a 0.933a 0.477a  0.011ab  0.011a 0.046a 3.944a
¥ Branch 6.048 1.535a 1.970a 0.040b 0.348ade  0.195b  0.022a 0.019ac  0.050hd 4.334a
M Leaf 3.020 0.690bc  1.646ab  0.009h 0.223be  0.163bc  0.005bc  0.009ac  0.007cd 2.751ab
J% Bark 2.949 0.696¢ 1.038ca  0.007b 0.061bd  0.087bc  0.003c¢ 0.003bc  0.008cd 1.903¢
AI#R Fine root 0.157 0.036cd  0.056¢ 0.7x107%b 0.005¢d  0.006c  0.3x107%¢  0.4x107*be 0.5%x1073¢  0.105¢
HIAR Coarse oot 0.239 0.050cd  0.047¢ 0.9x1073b 0.005d 0.009¢  0.4x107c  0.4x107%bc 0.8x1073¢  0.114c
KA Large root 1.898 0.190¢ 0.214ca  0.007b 0.047d 0.064bc  0.002¢ 0.002bc  0.006¢d 0.532¢
3k Stark 5.658 0.544¢ 0.543ca  0.018b 0.302¢ 0.155bc  0.007abc  0.006¢ 0.015d 1.589hc¢
A1 Total 34.123 4.781 6.783 0.239 1.925 1.310 0.052 0.050 0.134 15.272

RPN E/ NG TR 22 53 83 (P<0.05)
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3.3 ZSREME TR A AR
331 fFRE

TR TR AT B R A5 4 e A [ (1a) PR B 0 Tt T R R, HBUE KN bR o A 7= S
o oT R AL E e . % 6 FIH TSR ST R AR B A, T LLE Y ZSRMRAEAF B A 2. 504
kg-hm™>a™" i b B N 2.036kg - hm > a™" | i ARA 4 BB B0 81.310% , ML R 384 4FE A7 HE
4 0.468kg-hm ™ a™ | [HARIMEMTERE R 18.690%, AI WL 2SR it e R FEAE R TH 13643,

*6 ERHMBEBTENESLREE
Table 6 The annual net accumulation of microelements in Koelreuter paniculata plantations
Fe Mn Cu Zn Pb Co Ni Cd

415 X‘T\ﬁ'}ﬁifzﬁ /(kg-hm™ /(kg-hm™ /(kg-hm™> /(kg-hm™> /(kg-hm™ /(kg-hm™> /(kg-hm™> /(kg-hm™> wit
Organs Productivity i o 4 . i 4 4 4 Total
a’) a’) a) a’) a’) a”) a) a)
+ Stem 2.831 0.208 0.254 0.031 0.187 0.095 0.002 0.002 0.009 0.789
1 Branch 1.210 0.307 0.39%4 0.008 0.070 0.070 0.004 0.004 0.010 0.867
S Bark 0.590 0.139 0.208 0.001 0.012 0.017 0.001 0.001 0.002 0.381
AI#R Fine oot 0.031 0.007 0.011 0.14x107* 0.001 0.001 0.6x10™*  0.8x10™* 0.11x107  0.021
HIAMR Coarse root 0.048 0.010 0.009 0.18x1073 0.001 0.002 0.8x10™*  0.9x107* 0.16x1073  0.023
KAHR Large root 0.380 0.038 0.043 0.001 0.009 0.013 0.001 0.38x107* 0.001 0.106
M3k Stark 1.132 0.109 0.109 0.004 0.060 0.031 0.001 0.001 0.003 0.381
A1t Total 6.221 0.818 1.027 0.046 0.340 0.229 0.009 0.008 0.025 2.504

3.3.2 EWTRARHIE
MFE 7 W AE Y 2ER AR e R AR 5.255kg - hm > a™ . HAER TR AN A, Wit f 25 5, )
FICR MW CE DL Mn Bz /5, Fe HIR , Co B/, & T Jo R IR Y 4 : Mn>Fe>Zn>Pb>Cu>Cd> Ni>Co,

RT WMETRHNEMER

Table 7 Biological cycling of microelements in Koelreuter paniculata plantation

I H Ttem Fe Mn Cu 7n Pb Co Ni Cd 471 Total
”/lr =N 2
*f(ﬂ“—(kg/hm ) 4.781 6.783 0.239 1.925 1.310 0.052 0.050 0.134 15.272
Storage
5 Wy - 21
&W?(kg hm™a7") 1.508 2.674 0.055 0.563 0.392 0.015 0.017 0.032 5.255
Absorption

B E (Lo hm ™2 n” !
{*Eﬂ%(kg hm™%a™") 0.818 1.027 0.046 0.340 0.229 0.009 0.008 0.025 2.504
Retention
HiAE chm 247!
gt (kg-hm™a™") 0.690 1.646 0.009 0.223 0.163 0.006 0.009 0.007 2.751
Return amount
FII FH Z %X Utilization coefficient 0.315 0.394 0.230 0.392 0.299 0.285 0.337 0.241 2.394
IR R EL Cycling coefficient 0.457 0.616 0.161 0.395 0.415 0.373 0.509 0.212 3.138
JE#EI} ] Recycling period/a 6.934 4.120 27.007 8.651 8.056 9.398 5.820 19.637 11.203

L) ES
im&qﬁzﬁﬁz - 0.795 40.111 5.985 33.208 22.543 11.151 7.044 13.492
Bio-absorption coefficient

R

ﬁz%’jz%& o 217.497  536.766 2.32 71.434 14.727 0.678 2.025 0.685
Bio-migration coefficient

Yior ik 3R
Emﬁ%?ﬁ . 93.328  102.734  123.765  101.907  162.057  294.634 65.370  263.815
Bio-decomposition coefficient
i%u_%&w ) 0.852 39.043 4.836 32.586 13.911 3.785 10.775 5.114
Bio—return coefficient

)& AL 2%
IR AR 0.050 1.460 0.675 1.579 1.356 0.774 0.352 1.694

Bioconcentration coefficient

5T IR Sy 7 W] AR ol ORI BT RO JC R AR A, AR IR BUE R R T R AP R PR T
TR TR BB AR R 3R 7 AT, BIE By 2.751kg - hm ™ a™" , Horpr Mn SR IFE BHRE, h
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1.646 kg-hm™a™", Co JLEITL RAAK, 4 0.006kg-hm™>a™" | BIEHI2Z 329.2 5, &R e R ITE AT N
Mn>Fe>Zn>Pb>Cu>Ni>Cd>Co, FIAURMEFE AN KK 25 30 FUMOGE I T 34 12 S SEAR A 3R s 1 A A5 T 248
P U A, AL 2 SR L SE PR B RS R

M 7 AT UF ML R RS R0 2.394, Hortf Mn JER &, Cu LR &K, X EE N A
HHE Mo SR, BT AR SMORTEAE KRR A X Mn BT SRR 585 Cu Ml Cd A B G 4, R I sh vk
BN,

FENFE 7 A 2SR Mn JC R AR RE 1 feik , Zn FLUK, 5655 0 Fe, BHZEME MO + 32 1Y 8 i
HITRMRILRE I fEEE S

ZEMXT Fe \Pb Ni (IR RECE = T BCGREL, M HAD TR 19318 16 RECEAR T WCGR B 8 FoTR 1953
FBCER 1 TR A, RIS T s oo R B H IR RE T, A B T ORI E Mt 35 45
4 Ziv5itie
4.1 ZEW A TR TR S &

VRS A 53 M 2 AN TR 48 8 FhistiE Ju R & it Fe B, Mn IR, Cd Ffll. S REITR G &
AN : Fe>Mn>Zn>Pb>Ni>Cu>Co>Cd, Fe Mn,Co ,Cd 7t B G I o i, HAh oo = r9 & R A 1Y
AR T — B A, 5 SR A TR R TR ST R MR s R —38 . TR R, s
TCE AR, Ao B b S AR A — oo 2, i BeAS ) L i A [R]

42 ISR N TS S EEITR S &

IER N ARG A E G O R S B R 22 7, [l — S B WM E TR AW, K& f WA —wE 2 5.
MA P& BB O R & B 25 5 R A B IS A AT R i AR A0, S R B > A > IR > 7 > AR >
KRS >, B % B IT R B, A R4S 21 03 97 4 & B AR f R 34 v de i, T I, SRR 5
i —3, SRR TR E AR 1S Mo, HUCH Fe ARIKHEF 7 : Mn>Fe>Zn>Pb>Cd>Cu>Ni>Co, F# M
SR T L AN TR O R A 5 A AR R I 5 45 R W, R TR T o5 A A R R T
E BB Mn e, HUUE Fey e 2 o 45 R EAR N TR ITCR &8 Mn e, Fe Hik, 1
AR RAAR . KU Mn Fe SAEY AR I OAIRMETTE , HF KRR,

4.3 ZER ARG TC R IR RRIE

2t N T AR T Z I A7 15.272kg/hm?, ForP L Mn 5% 55, 35 3 6.783kg/hm?, Fe H YK, 2 4.781
kg/hm*, Co 3 ik, >4 0.050kg/hm?*, A4 T FIRIAL (I A7k B K, by 8.278kg/hm® WA I L TR i bRy B it
) 54.204% ., H#b B AW 16.1710/hm®, AR BA P 76.696% , VA7 1R TC R iR B 1
84. 678% , M T #BAEY N 7.9520/hm”, 5 MRS B AW R 1 23.304% , W AF i o R S AR 19 15.322%
H UL AT DAE o oo 3R B e 3 3 i TR, H DL Mn Fil Fe R 3, Uk B 2SR AN BEACAT A4 45
P oo 2 h T 5 RS S b 1 FLX6E Mn F1 Fe SRIW B0 14 & 4R BE 1 AN & I i , TV S 2k IX +
BB SRR

ZE N TG TCRAFAFE B B 2.504kg - hm ™ a™" AFEIHIE &R 2.751kg-hm ™ a™"  7EA W IE AL FEH, BE
ELHAMA FHER 2 374y, EAROR F B W ISORUR R, A5 R AR 35 4 1 AR, BRI ST 3R AR IR S
5.255kg-hm™>a™", HiHE TSGR A, IR A 2257

MR TCE BRI R B0 3.138, R E] N 11.203a, Hith Fe \Mn  Ni BOIE IR 2508, J8 5 ) a) 4
Ji, BT T Cu A Cd 14 A B RIS B MRS/ N . ZERIXF Mn AW IACRE J7 5o, 2B X 45 e R I
WHCHE J1o8 : Mn>Zn>Pb>Cd>Co>Ni>Cu>Fe , P M ARTE A= 4 o B o i oo 2 A A B A e #e k. 8 Aot
B R BB R TR R AL, RUVISRIAR S B 38 1 35 4 1 R )RR IE S0 Be 5, A R T Ak A= 77 )
MIAERS . PTVE AR I 77 A S e AR A e e A
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