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Lo 4% 7] B (Fusarium oxysporum)iF S L =g # £ 5 F La(lll)
FEE Y, BRES, 261 287 BT

LIRM KSR 2R b, fRE YL 362251
ZHEIN K IR SRR A b, AR FRM 350108
SefENA 4T MRS BRI A b, AR FRJM 350108

WE: [ B ] IWE IR L0 AR M 58 bk 7™ IR BB, AT 90 L A La (T Y e K A2 VR B
1) R L % R 7 JOR A1 P 5 S [ - 88 - La(TIT),  LASHI A - 8 7 La(TIT) A e v e i 2 145 o ol
ORI ARTE T [ ik ] B RIS L0 bR e - 38 v 40 L ke . 4liqb b mT e JUR I A% ifit LTI
LR, L ITS IDNAKERE P 20 st HoifF A7 %556 5 IRk, FIFHXRD. SEM-Mapping & FT-IRZ3 4R 1+t
PR AR I La(TI) AL [ 455 ] &0 . 2lifbAS 28—k T 7 IR K% it 37 =i Wk B La(TIT) i) BB FZU-07,
W SE R4 1 1 (Fusarium oxysporum), HEAG & 5R1ESH ksl La(IIT)AYEE 71, XF La(I1T) A% e A it
MR BE 400 mo/L. TR BRFZU-07 5 Xof La(TIT) W B el ek %6 h46.19% 5 TEF5 201k 25440 T [k e w]
P 1515199.16% . FT-IRFISEM-Mapping s #2147 T W B La(TIT) 5 58 22 A SR a2k . 0k
P KL AR HE A O ; XRDFISEM-Mapping 2t R & W15 7 A0 i o 12 7 14 77 R e L {8 PR 3R 40 fie
PREERRER , IS A A KA AL IR ER S, La(lID) Wl SR 7E Bk S A f Ak v, T B La(IIT) A0
WRERES TR A A, DAL iE e X pk k. [ 4538 ] WRRFZU-07, J&—fk ELA P IR BRI i 2 fi Sk
JJ 1 (Fusarium oxysporum), H A %58 0975 S04k Bl La(TID)GE 11 o FRBATMUE Y075 ik PR 5 DT E & —
PRI AT AR 25 A g 0 IR + 88 7 1 i

KEER: HRMBEIIE, WLy La(lll), mIREEEE, B3k

=
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B LUK N HOM B W B A g iz B A AR B 2 A Ok B,
BT 64 RRERMR AL R RS F U, TR L AR BN L R e 7 AR R K AN I s
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Yast gk A BN B R K PR e &
K 8 H 7E 50-800 mo/L™, B H O 1t nl fig
FE % TR e AR i VR R 38 A8 i i 48 ROk ik
T 5t K B e VR AR R S R BT TS e
W R, W oo E v BE YR A IR N AT
A=) 2R, AT BB A B 24 AT (Hormesis) & 17,
RO B 0% b mT MR AR AR, BRI
s e RN s . Y. S S N ARERA
e o0 A IR LY /D Ak B A7 T R
kRS R AT RS N, AT T RSk
2Ry Y i w1 5 9 NS

LS R & S8 A NSO A LA E .
S B RIS T2 4 S ik B ey A AR G
oA R R E B, S E0Y
TR ARV ARG T A T RIS BE
FEAR . T AR, Fef + 5 4 K )y
A & BRI ERATS . EWiE S5k (BIM)
JE A5 A W A i A A MRS, T L P R Y
i A0k 2 T TE o v Bl A 5 R B TR AR T UE
(MICP) & — Ff LA filk 2 £ T2 =X [ 2 45 J& 19 S it AR
PPab B AR AR S AT MICP 1 £ 2 A4
077 ) A= 0 e 1 4% EL A o 1 W R 5 D R
JE B ILUTTE A RE 1 MO TR i ) B
SHLRE ST SR AR, o] A IR 3K A
FEA R IR AR | B AR AR AR B T, RS Y pH
Ther, QI AT PR B A T i
FRESHUTIE . HAET, T MICP X 702 ik
MR FT e/, HOECH F i A K A = A i A
Y 2, X L OoR sz L Ay, AT LIE
> MICP [EIY s + 0 2 A A Ak Jr ik,

STARMCAE K i b 55 V7 8 LT (R TR, X
— [l 1) VR A B R IR A S A T KR
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FATRE R I LRSS REDS . S, A
N 5T 2 AR R 5 O B A B — PR IR
ity EL I La( ) ECR, 38 i 5 B PR B e 1) 77 5K
S NS R I La(TIn), %o L B A S 4k
PUEEATERIT, DA D9 5 5~ La(II) Ay B3 9t ]
WA AL TR Rl B DR AN B AR =

1 AR

1.1 EERS Bt

2018 4F 11 H FAa e fa M i B J5 8. 2 P s
CLRPMROR MR B2 LIEREAS B ATJCTE IO FE b
H, AREAET, BRESLEE, T 4°C K
PRAFE . RS g R3S 45 mL LK H, 78
IREN 37 °C. Bk 160 r/min WK NIRS
30 min. SRABERFRLECH 0. 107-107 Fi B
JE I SR IR, A E 0.1 mL T Eh 4% B 2 i Bl
B SR IL (PDA) AT IR A, PR B, kT
37 °C WHIRIEF A il T IR . B E AR
KAFOL, PREUBSL . B AR 0 3 PR A T 4
s, HERKBIESHR—,
1.2 P=IREEE ik

W 2 A 1Y) TR 2 P 2 IR R T BT B R 2 (1
Fheb e EAME, 1g; SfL8N, 59; BER _S4H,
29; M4r, 0.0129; JRE, 209; w4, 19;
B, 15 g; pH K 7.0+0.1), JCETLE 37 °C #53%
iR R 3-5 do JREGEAKMRIR R 07 P AE K T
7 B 7 A A e B R AR B R O R
(1) pH 3 NTO21 (i bk 35 5 5 R B 6 %
WU, 7 R R R G 1) L A 2 (PR R W B AR B
RGO B AN, R — IR IRAT
G35 1 LA 7 2 DR SO T B TR R



FalE S | AR, 2021, 61(6)

1623

13 HRHEE

ST E AR R E ] ITS 1DNA /By
Marker Bz, @594 14 5L E TS P8,
5 ONT ol et A7 eexd, ARASAI BT 5 B P Ff
B, A B RV EG X A 5 A B e A 45 8 1T'S
51#% 4 ITS1: TCCGTAGGTGAACCTGCGG Al
ITS4: TCCTCCGCTTATTGATATGC, LIEFLHY
L4 DNA Mt PCR iz Btk L i
ITS J¥%1]. PCR i 5514 : 95 °C 5 min; 95 °C
30s, 56°C30s, 72°C90s, 1E¥ 25¥k; 72°C
10 min, HLIKAMF: 1%BUIEREEE S, 120 V LK
L7k 30 min,

W 4325 TR PR 1 5 K7 S FE - https://blast.nchbi.
nlm.nih.gov 3 i 5460 7 Pk A 25 X)) 4 i A 7
FIEE e, I8 MEGA 7 .0 I RSk
EEE
1.4 RN La(lll) B 32 U E

K rbkf 2 PDA RAERHARFRE L, T
37 °ClEEKEFA TR 5 d A, WAL 121 °C
K 25 min EEFK 4 mL, & AT
T 5 B T B R FIZE La(TIT) Mk B 43701 4 0., 100,
200, 300, 400, 500, 600, 700, 800 mg/L ¥
PDA Wiik¥:FRIE; fEMRE R 37 °C. Hlh
160 r/min AYFERMNKEFE 5 d, MEL R R ALE AR
La(IID)¥R B T AR AR DL, DA T B AT La(ITn)
4 T 57 R
15 BB La(lIn) Ay EE38 A

Fidl 1.4 B3 1T SRR Al e La(ll) R
200 mo/L. IREMEN 2% . CaCl, ¥ H
40 mmol/LP2f PDA W iARE S5, iy MICP 52
B s [FIER A6 BB S BN TE La(II)We B2

0 11 200 mg/L ) PDA Wik F=Er, hzs Xt
HEZHANEE MICP 52504 . FEIRIE N 37 °C. §4ik
7 160 r/min [AFEIRINEE % 5 d.

RS La(l)AH B 4E F S 09 T8 AR 6 B
O, UEE BV, JH SRR BE 10 £, R
PG 55 B TR OGS (1ICP-OES) I 135 W)
o La(IID AW T, it B mtk S La(ll)AH A4
%R, ALK ES 3K,

1.6 FREGE AR La(lD) W M o e L3 o A7

KBRS La(IID) A BAE F S i B ATR A
O, WERTTIEY), BARTTIE Y H 25 B 1 K ek
3, F 60 °C FHLT 48 h, FHMFER 700
o FHLLAMERESU(FT-IR)AL X SR8 R AT 5HY
(XRD)X#: b #4743 H7

W RN I W AT G R B L, IR TTED)
PRRTLUE P 25 B F /K Bk 3 W, MR 10 pL %
FaEF b, T 37 °C HA TIRAEN T 24 h, il
15 B FE S BT (P J5 #EAT 5 FEL B (SEM) L R TS
(EDS)FIIC F 4311 (Mapping) 4347 .

2 HERFPAT

21 HBEIH

2.1.1 TENREEIIEE . TR LB R D 2T AR AR
3 v R A B R ORI e ) BT TR R
fr gl FZU-07, TEREARRE TR & 5o N
e, rhiEa LA AR, REA A ameg K,
NG AREEST, WE 1-A. B iR, Htk FZU-07
3 U6 ) JUR G TT LA £ B SR v PR R, AR LY
NH 3G TR0 pH Fhim, B AT i e
gifn, 25K 1-C iR,
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2.1.2 TEBRBYEESE: KRR FZU-07 M7 45 R
£ NCBI %4 & (GE VR 9 F NCBI 5t 5N
KU671032.1)H 5 & A% R 17 51 47 BLAST A Xf
PR, 45 RRVIEH FZU-07 5418k I TH
(Fusarium oxysporum) AL f 5, 1551 97%., It
PR AR DR 6 T v [0 B A 0 ol i RS L 2 D 4
@AY L, PRS2 : CGMCC NO.21085,
FHEAE MEGAT.0 Sk 14K 4% (Neighbour-Joining)
MK R R BRI, 2R WE 2,
2.2 H¥k FZU-07 i La(lll)fi 32 f8 H i &

R R TEARFEAEE T, ARG WA

TE25 5 o La(TI) XA M1 BAT #2400 244 (Hormesis)
RO, AR La(IIT) Al LAGE UEi 7 20 i
A La(TIn) ) fff 2 (1 o0 RAZ R 55 A= K 43 R AIK
s e T, I E R AR 2 O T R R
FZU-07 %% 1+ 257 La(IID) A= rni , o047 1 1t
ZREJ I E T2 8] 3 Ry ik FZU-07 7EA [ La(Ill)
WS 1Y) PDA AR SR i A KSR L th BT
A, La(IID) X 43 B AR A A ™ A T — 5 I
I, BEERR T B EE RIS, BRIV AR

PERE FZU-07 78 La(ITl) &4k >k 200 mg/L LA T B
ARV, S La(TIT) fe AT 324 -k 400 mg/L.

1. PDA TR EE# FZU-07 B FS

Figure 1. Morphology of strain FZU-07 on PDA Plate. A: pro; B: con; C: urease production characteristics.
16 Fusarium sp. YZ7-10 (MW369623.1)
92 B Fusarium sp. MRC 35 (MH582472.1)
49 FZU-07

Fusarium sp. 216 (KU856646.1)

50

64

Fusarium oxysporum FLS8 (KU671032.1)

Fusarium chlamydosporum F22 (MW 187747.1)
Fusarium chlamydosporum MBS445.67 (MH859028.1)

Uncultured Fusarium JERC309 (HM596873.1)

2. HE FZU-07 RIBSPE MR B R G LR

Figure 2.

actamicro@im.ac.cn

Phylogenetic tree of strain FZU-07 and its most closely related neighbors.
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El 3. HE# FZU-07 EEARE La(lll);RE Y PDA 5 HEh 4 KR E

Figure 3.

The effect of growth of strain FZU-07 in PDA medium with different La(IlI)-containing. From left to

right, the concentration of La(III) is 0, 100, 200, 300, 400, 500, 600, 700 and 800 mg/L.

2.3 HEHR FZU-07 X La(IID)AY Bk &

Fk FZU-07 5% 187 La(llD)AH H.AE A
Ja B HR AR AN SR 1 PR, EAERUEY)
TR LI T, La(lD By [ %N 46.19%;
TERUAEYIE S L (MICP) I 448 F, La(ITT)fy =]
WCRA T BB 3G, nlikE] 99.16%. 2 B BRI #&
FZU-07 W75 50 fbAE A o] LS i How /s + 2+
La(ITL) i RIS sR
2.4 SEM-EDS 4 ¥r#itk FZU-07 5§ La(l)#HE
Y

Wk FZU-07 &5 La(lll)HH EA/ERE
SEM Z5 SR WE 4 Fros . WIATEAR S La(IlN)AHE.ARE
FHE (& 4-A), WM N ; WikS Lall)

YERG (K 4-B), WZ2REHIFZ M, KA
#, WiRY La()fE4ad MICP EHE (B 4-C),
BRI 22 A VT 2 R B 4

N TR ERE R A 2 T Rtk FZU-07 5
La(IIAHEAE R #, ASC5H SEM 454 EDS
WS La(I)H BAEF G M B 22FE A, FEXTRE

Fz 1 HEHFZU-07 5SHIBEFREEERR La(ll)
B[] i 2

Table 1. Recovery of La after strain FZU-07
interacts with rare earth ion lanthanum
Initial La(lll) La(lll) Recovery
Samples Concentration/ concentration rate/%
(mg/L) after 5 days/(mg/L)
A Cell-La(II) 193.7+0.3 104.24%1.5 46.19
B Cell-MICP-La(Ill) 193.740.3  1.61+0.2 99.16

10 um

Bl 4. Bk FzZU-07 RES La(D)EE/ERMIAEBEERA

Figure 4.
Cell-MICP-La(I1I).

SEM image of strain FZU-07 loaded with and without La(Ill). A: Cell; B: Cell-La(Ill); C:

http://journals.im.ac.cn/actamicrocn
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#4757 Mapping 4387, mE 5 AlHL, BRER DT
XJ5E, WK EmA EDS ATk 2] Pt
La(Il). C. O K& P WIAFTE. Pt MIf55 K A FE i
W5 Pt AL R s RN VR AR S IR, (R 22
RFRWATAE P55, H La(lll)F1 P 78 B 22 (R 3 1
A3 —3, X B La(ll) vl A5 B 221k %
T R SE AR 25 A2, BRI La {5 S5
SR La(TIT)Hk B2 (4 B MK AT RS2 R T A W
FrikEm. #ikS La(ll)EZd MICP 1ERG,
EDS 4t Al 2] Ca WIFE7E, H Ca B4 i 54
TR 1 3 A e — 30, Z5A R MICP
VERIRRME, RTLURA o TR 1A 35 T B 1 SR 4 == 2
W R IRES . WAk La(lll)7EL sk MICP /EH
J& AR Y La(lD 9 {5 5 (B 5-B) HeAlE MICP fE
MJEwREm N La(ll)E5 (B 5-A), WHEZ
MICP i 8 rh A= B PR 5 35 1 La(IID 915 5 -
2.5 FT-IRAHTE FZU-07 5 La(I)AHEAEF

JE— 0 Bk FZU-07 5 La(I)YE At
Pt 5 FEAR RO REN, Wbk FZU-07 K

(A)

CPS/eV

Energy/keV

5 La(TIn) w4 I r =R 200068 1 4 T X 43
Br, S5 6-A s, Bl 3384 em™ B 5h 3|
3269 cm™, 3287 cm™ b, FLSR A AT, Ak
FE A Z A A BT O-H . N-H {45 4
gl; 2925 cm™ B hF] 2922 ecm™, HA P,
e RE b8 R R R B SR C-H R R
Z; 1652 cm™ #3803 1622 cm™., 1651 cm™ 4t
SH @R TP 1 (CO-NH)H C=0 WYIR 34 X
1030 cm™ #% %15 1023 cm™ f1 1027 cm™, A fE &
AHARRRsEPSY, Wik FZU-07 5 La(lll)
PIFME Ry U & | IR S B AR AT (1 S A
WA KA, (HZCRA UL, RIS R
HIl 62 5 T Witk FZU-07 MR La(lID)#sd A o

gt YA ST L (MICPERE , HE2zik
| O-H. N-H. C-H & C=0 [J45AF 06 A7 1L 055 1
54k, 1455 cm™. 874 cm™. 743 cm™ H4RHEIE
HERTE AT (vaterite) (45 AE 1612022281 i BB 52 2 B
TE MICP 2 2 Hh A7 78 A= 1 W5 B AR IR 45 190 9 306
[T La(IT) Ay BLGE

Pt

=
2
%)
(=W
&)
- Ca
C p
] La Pt
0 2 4 6 8 10
Energy/keV

5. ®E# FZU-07 5 La()/BEEA T E 5 1 R EEIEE

Figure 5.
A: Cell-La(III); B: Cell-MICP-La(III).

actamicro@im.ac.cn

Mapping and EDS spectra of FZU-07 grown in La-containing media with and without urea and CacCl,.
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(A)
Cell- MICP La®
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25/(0)

6. E¥ FZU-07 R HE 5 La(ll)MEE/EAH FT-IR (A)F1 XRD (B)

Figure 6.
CaClg.

2.6 XRD ZMrE#k FZU-07 5 La(llDHEAEH
=Y

N T W EFEMRS La(l)AH AR S =9 E
B, SHER=Y B T XRD WlE . 450K 6-B
fiws, BEHkS La( eSS LER T, XRD
PG b oA A 0 30407 S5 0, 9 W b o R o 2 B
La(Il)RIE B0 s h K ERAEGY; WS
La(III)7E MICP /EFI T, XRD /& W3] AT
Shits 53k 5% 71 -vaterite (JCPDF 33-0268) [ LI R 47
HOVCHE , FWIEE FZU-07 TS0 10T Uik
FEUTYE . MICP b FE v ] LIgiEr La(Tln) i [mljiesk
R RN SR Wi 7 A ) A TR G e —
ZALARIRA BT LB La(LLL) W B 30 Bk 7k 45 Sk 1)

22 TAT 328 7 A o 1 L P S, e 2998 Al La(TIT) Ak
PR 5 B TR T A

3 Wi
PEAESK , AR S La(lll) i+ B 4E A
RARZ, HEFCRN, HXF 48 A 2 s Br

FTIR (A) or XRD (B) spectrum of FZU-07 grown in La-containing media with and without urea and

Z o W BRI R AR Ml K2 A8 B ) 5 2 - B R
435 WY - HEAT B 8 (R8) A R 1R & (782) 4
A5 80 mg/L 1 100 mg/L A4 La(lll); Ak %L 25 0
FFE AR BT B A La(ID) AR Ik 200 mg/L i 12
Mtk K 4754 Bacillus megaterium % La(IT1) 4 %
it 32 4% B >k 300 mg/LBYs [ i L % La(TIn) it
Z R 1 e hE W TR RO I E A0L, LT Az
800 mg/L f La(IlN)®®, A< ff 55 M 2 I 785 £ bk
VR A 45 vh 0 28 1B Y TR PR Fusarium oxysporum
FZU-07 1£ La(IIl)#& & &y 200 mg/L LR Bf A Kotk
DLESHE, Xt La(IT) % KT 32 e B ol 400 mg/L. 43
Bk FZU-07 BEAR A kst La(Ill) i 52 fg
JivE, (HERERhEE AOL AH L AR AE— B M 22 HE
AW T AR (BIM) AR #0155 5 ik TR 45 1T
f’(MlCP)IfE J& & Al A LT Oy
(1) A= MICP 3 B2 35 00 & Jm 28 7 e vl
VA AR AR BRI ER UTIE K 2K o Achal 2B i
7% #E W Kocuria flava () MICP 1 F Al ¥ 1 3
[958 53 Pb 4k} PbCO,; Kumari 258 fif 5 %

http://journals.im.ac.cn/actamicrocn
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i Exiguobacterium undae ) MICP {1 F a] k43
Cd Ml i I 2 e S ¥ Wk R EL 45 & 8
(CdCOs). AWFEHFE K FZU-07 X La(lll)#EAT
MICP fEJ5, XRD Z3#rip RN F] Lay(COs)s
(AT SR 08, AN o TR BTG I RRAOE e, 18 B A bk
FZU-07 7E MICP 3 #2 HOR B B HH La(TIT %Lk
BRERERA W, (2) AEWIVES ™ HE (R i IR %5 TR 2
—FhZALBRE, HAG B A R a1 R AR
FIIUE e 112, Qian A PE i V5 e
43y 8507 5 14 (Penicillium chrysogenum CS1)%} 4%
Ak EAT A4k, Ph(I1)A] H 44, PbCOs;,
Cr(VI)5 COs* A B NIE BULE , i
T BRI ORGSR A, LR TTIE Oy Bk
B 2o ARG S bl B, Ca® Bl B A TR
KRR USSR COS 4 Ak
JEBRBRES ,  La(TIT) ¥ 70 Wi B 7 78 22 AR 3, 8 4>
YR TS0 A U BRIRES 1, A TE L
La(IIL) Frfm i &5 A TR A [ AH , DAALTTE I8 Xk X
o HERREZEEMIEAATE T, BEMRER
BT -IRIRER R R S TE R 22 R, XL E R
W 55 T LS et — A T 2P 3ot i A IR S PR
FATE AT R S 0 eI [ La(TIo)
17 b . Kang Z819%) Y Aspergillus niger 7
BRRIRHE, 4 La(TID)4%4k R Lay(C204)310H,0, 4%
WFZE MR AT bR FZU-07 FEIRBE 00 FR M, @i
VoA A R La(TIL) i R 5 1) 1R 5 i1 AR 114 7
X, BHE LM B HAEYE S
A BRI 45 & —Fh Z2 LA RE B 0 A W B
55 4w B AL TURE R RE T, BAT B g

;LAE‘
A 5% o
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A BIE 5T DN B 5 TS LA AR e A L 0 v g B O
Ve 1 Bk IR M La(IIDE & FZU-07, )& T4
4% J] & (Fusarium oxysporum), iz K La(Ill)
fiif 3% ¥ B ok 400 mg/L. 7E3E MICP 55T, Ftk
FZU-07 % La(I) % 3= SE4E AL A P B, T
Pk FZU-07 Wt La(Tll) 5 W2k RIm M =5 . &=
B& L OBRIEFBEIRFLATA DG ; 76 MICP 500, Id
Pk FZU-07 Xt La(TIT) ) [T Sc A2 A= 40 W S A itk PR 5
DOEBC AR I A SR, IR 73 i IR 3% 77 R kR
545 88 T4 A A Rk oA ST AR R ES . La(IIT)
A ARTE R WA dm g b, JE AR La(TIT) Rk R 595 1Y)
RA T AH

Z % W
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Fusarium oxysporum induces mineralization recovery rare earth
ions Lanthanum (III)

Yuanyuan Lu*?, Longzhao Chen®, Qianyi Yu?, Chao Cheng? Yangjian Cheng"*"
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Abstract: [Objective] The urease-producing fungus was screened from the sediment of mangrove in Luoyuan Bay.
Study the best tolerance concentration of strains to La(Ill), and use the urease-producing properties of the strains to
induce mineralization and recovery of La(III). It was expected to provide strain resources and application technology
references for resource recovery of rare earth ions La(IlI). [Methods] The urease-producing and La-resistant strains were
isolated, screened and purified from the mangrove sediment of Luoyuan Bay, and identification was made through ITS
rDNA gene sequence analysis. Meanwhile, the mechanisms of recover La(IIT) were discussed by XRD, SEM-Mapping
and FT-IR analysis. [Results] A urease-producing and high-concentration La(IlI)-tolerant fungus was obtained by
isolation and purification, which was identified as Fusarium oxysporum-FZU-07. Strain FZU-07 has a strong ability to
recovery of La(IlI), and the maximum La(III) tolerance concentration is 400 mg/L. The recovery efficiency of strain
FZU-07 for La(II) adsorption was 46.19%, and the recovery efficiency could be increased to 99.16% under the
condition of induced mineralization. FT-IR and SEM-Mapping analysis showed that the functional group of amido,
hydroxyl, carbonyl and phosphate on the cell surface played a principal role to adsorption of La(Ill). XRD and
SEM-Mapping analysis showed that induction of mineralization is through the urease-producing characteristics of the
strain, which decomposes urea to produce carbonic acid, and combines with calcium ions to form vaterite crystal
(calcium carbonate). La(IIT) was removed via incorporation into the lattice of calcium carbonate particles and formed
mixed crystal. [Conclusion] The strain FZU-07 was identified as Fusarium oxysporum, with urease-producing properties
and strong ability to induce mineralization and recovery of La(IIl). The results indicate that the microbial induced
calcium carbonate precipitation method is a feasible and eco-friendly technology for the recovering rare earth ions.

Keywords: Fusarium oxysporum, rare earth ions La(IlI), urease producing fungi, induction mineralization
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