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(2, HEAKRPIRIR K2 E DBRBEK TG DDV T T —AA 7 ORI 725 LRI

ETIEHROAUEERZ ZSMIRIN THLRN AZY) AT N LERISSELZETY AL R 2 E R 72, & Ak

WK 2 T2 g BRI I W TR, WK DBGA A AR AL L TR L 72 %5 #K (Na® 10000 ppm, Mg?" 1000 ppm, K*
& Ca¥* 500 ppm) |2, LT T —ATHHY AT LT IAT L Dy % 5 pm IRINLTZA R K D5 Dy O 53R 1R 23
FrTe BEIEAKIZ 0.01 M E7R5 IR RN D M DA A NER ST, Dy 2B AN R LB R S A5
THRMERDIEEW BN LT, EHITIRINT 2V B EEERE O BA 0T LIZIE 100%DRNHE T, A K15
IR FE D Dy> 2 R INBIC BN 52 &N TETZ,

BT, EJIHRROFERRKIZEENDL T T —AL A W AERHRE LT, KELMEINAIRRENOELNTZIER
KITIE, VIR ICHRA DL T T — 2D 20000 f5LA EDOT A= hAF Y APSCEA AL Fe N E T 5,
ZOFEIRRIKINEDL T T —AA A2 OFIR AN LI 2 G2 7, ENR IR AKITTREEME Ch D729, £9130KERE
FRITLZ 0.1 M ERDINTIINT DL, LT T —AAA ATET - FE N, AP Fe2 3K DTk L7205 5
TEDLIED DT, FRZ APIIL T 7 — A4 LFEIL 3 i CTHY, VR LEEREZ W TR S T 2B TR B A
HZEMG, pH S ITA 2T EE X HivTe, BTLERZAT S T2 R KIS LT, Vo B bl REA - DTS 2175
7225 Dy L3 R E DL T T —ADOMIZ, FRFL TV APREGRIFFICRAE SN, 22T, WAL OIE
e W CEBAA L DB TS 12L25, LT T —AA AL DB E I RITBLEEL 72720, BLEES ORI
T — A& IERAYIT 10 5 2L BT 22 &Ik LT,

1. BIEBEH HT5H, OKRES 5um FBREOHERERMET, BRL
WD E OTZBREKL TR ENLDRBAT Y BRICIVEENOR S 0 CE 5, Q8 BYAER THD
DEIE, a2 L COREE R 28D T, M EECEZIR D & BS = \ sRIE e fllaiEz FrH b

WFFEAREREDIL, A O T/ S WERE (Saccharomyces
cerevisiae) |3 HLC, TAEMWEM L CORFEZTIT>T
&7, WERH TG PE 2 50 B CIAK VDL TERY, B
TEDFERNOZAMT K EMER T DIENTE, FEIEAHRY
Ea AW EEB ORI EL FRET, IROEN T FiEx

ERE S T RBITHER SN D, O IERE BRI (28720, RS
FBITRBEZ LD B FTRE T D, @SRRI ELT
2L DBEFHTI BRI HVEETHD, ITHFEONSAA T )
BB O RICLY, AR R e EEFIHL,
AR OL I AT REE 72~ T2, BERFOMINRE T A



TUAINTIX, BRORFEY L RV ERRT TR EE B
RHBIRRED T L 1 — 5 /3 F 1= 13 e L CIs B
L, MR IR T D2 ENFRETHD V, ZOH 2k
ML, @B G2 NI BT FRERERIISE,
ERAT L DO AELE RIS DAAF TR =T ar 07
2—FHLIONTEZ 2, ZNHOT 7 a—F (2L EERE
a~D& BN A IUESITD, T OWERIIA A 2
TR 72 & O BRI 2571 (0.6~3 mmol/g) |2~ THREREL
TIEDBDNAED -T2, EBIT, ZNHDAXT-FERR SR,
FIRENT=H L RPERAT T R OGNSt A BT D
72O, TR T AT 20N HD72E, FIMIC
FBUNTHKIAZ U,

— 5T, @A OPAERIND B BNZFBWT, (bl
FROBNAN M LTI AE M D FEEN S, AR LTV
OFRDB D, MR E 4 R A A T DFERED 72\
7o, AR 72 TP CH A FIREE 70D,
LI, EAIZA O CTRHIBICE > TLEITRFT 5T
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JBAT L WAEM Ch LRSIV LT 528 TR
W = ) LS, SRAAARBIERNLDOLT T —
AAF L DOFPRAENE 2R L Tz 78, BIRIZE, 4
T10 ppm (ZHIZ 72 4 FED EEBJEAA L ELT T —AAF
EETVRIRTDD, pH A AUIL T T — A% 3R
B[N CEDEVD T EETFEELTZ, ZAUIBA A Lo
T2REDIEBAT 3 DL T 7 —AA A AFFRN =6, B4
BN SN AR EE 2 HND, ZOWIKR CIIESREA
FrDENVEBEORTNL, VT T—AAF D) 6.5 T
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T LAF Y Dy T BINUT- A RGEKDD Dy 3R A (]
WAEFRIM - B/VIRIEEICHAE T 2L T T —2D 175 {50
FRID LI E OB EENE ENCNDFEERRERD,
0L, EINRIROFIRIF KW AR RE LT, KIELI
IXNAPIRD DGO IRRAKIZIE, B/ WVREICHE 35
ELT T —ADHK) 20000 f5LL EDOZE DD LRI E FILT
WD, ZOFERRIKINSEDL T T —AA 4 OER AL
(B A 3R AT,

2. BIRAZE
2.1 YUBRIEEBOER

HHRDOR T A A — AN RKIZRRE L, =00 BRI E->T
B2 (RIS DUV B A R0 IR L, BN B BRY =,
WIZ 70%TH /) —/LHC 2 RFEALEREL, MR EZTTV,
BOWUK T LT, VU BREAUSITHE, TASADBE
FELTHIASNA BRI THLRN AZV T R
2 (NazP;00) & VY, B L2 ERE A N AX ) i R A
D 20% 5 ENDKIEHIZRE L, IREA 50°C, pH %
NaOH |24V 12 IZHIEIL T, —BpSUSSHET2 7, SIGT,
P T NEMK TR LT ICHARS R R L, 15070/
A ARE ) BRCEEREE LT, Fex T 47 arba—b
ELT, Wb ONC S ) — L EETITO), VBB
JSEA TP HAE R T B R AR RS LT,



2. 2 fERILT-) U BRLEE B DL AR AT

IOV BEEERE D B SA JuHR T L > T
HEL, BE O/ SURERER LT, Folamo e —
HEN B —H AP —IZIORIEL, [FERIC L7,
2.3 YUBILEREFRW-ERBKINLOLTT—R

A7 DFERFIE YR

FMRDOR D EBREL, FBBAT L OIRFELZ T,
BRMIZIE, Na'% 10000 ppm, Mg % 1000 ppm, K& Ca>*
% 500 ppm L, ZZIZ Dy**%& 500 ppm CHINLIZIRTEE
HCI 228 0.0001~03M L7515, ZH B8R
W 2 mL (ZU B EEREE 10 mg/mL E7e D102,
30°CC 10 EHEEE L=, 3000 x g, 10 Sl LT
[N L7 B2 NaHIE FHIE 1000 £512, Mg? 13 100 512,
K*, Ca*, Dy 50 {5/, FHEEA7T 7 A~F 0
Mk (ICP-OES) THAA A R EZHIELT-,

RO HCHEEEE 0.01 MICIRELZ, SHIZE
FND Dy & LVIIRED 5 ppm (ZFHEL 7= G pkifE K 4 mL
12, VTR bIEREE 2.5, 5.0 mg/mL DM L722 10 (G
L7z, 2SO EHKE 30°CT 10 sy MHEZ L 7=%12,
3000 x g, 10 Z3fECi DBt ATV EIEA RN L 72, 20
R 1000 {57 RL, ICP-OES 725 ONZ ICP-MS THA A
EEARIEL, Dy OBRIEI A L7,
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2. 4.1 #H

F)RRITEC BRI ZH T, KEEFHINDE O
pH 1.2 & AAR—OIREEMEOIRR/KINBEHL TRY, ZoH
VIR ETIZH DN T T — AT WE N TNDIEMN
FNHN TN, EBRICHAWZIRRAKELT, FIER TR
BT REOPEIR 100%I8 R RAKZEA L, L
T, ZOWRBKICEENLIEHEERBAAVIREL 01M
HNO; THARL ICP-MS CTRIEL 7=, Hil VT, IR AD B
T T = A A RN EU T 5723, F9713 pH Ot
EATHZ LT, TREEDOVIR CihDHT=8, pH & HHEMNZ Y
ZhSHE5HET 6 M NaOH % HIVW T, fief& NaOH JREEDS
0.06~0.11 M {2725 IR SRR ZFRELL 72, NaOH DR
(&L, KEOWENECTT20, IR OB %= O
B E o THBRZ#£1Z, ICP-MS % W C EiFD 4
JBAAAREE R E LT, AU BA RiE CEEZL,
FE-SEM % VT EDS /#4777,

2. 4.2 HIE

FREORRE D, NaOH 1T 0.10 M LL72, NaOH i
EZ 0.10M EL7-IERAK S0mL ZFA%L, Jeicihiig
3000 x g, 10 53D LoTBECER oo 7 L Lk %
LIz 7v 2 FEA UL 7=, T2 sy i s e
R 2 mg/mL L7259 I REL C 30°CC 3 RFEIRZL,
3000 x g, 10 4y Ly BECIREA N L=, T
Z 1 mL @ 0.1 M @ HCIIZFHR#REL, 30°CT 10 4%z
LG LT= A DB IR O VR A AT o 7o, Rtk
15000 x g, 5 4yl OBl , KB THLoNT BiEE
0.1 M HNOs T 100 f5IZAL ICP-MS TA @A A YR AE
HHIEL,
3. MR
3.1 YR BB O Y 14 5Tl

VERIL =V LEE ROV & B e B TIC I~ T
HELT=EZA, mEOHRE LFFZK 1 mmol/g DCW &
729, 0.1 mmol/g DCW F2 T HAKLERFEREL LB L T,
REIEINL TN, SBICP—FEATICL T, A0Le
FEREDS-25 mV RiTth &8 ORIl — 2 EBAr LA D
BIRNDITXHLT Y, VR {EEERETlE, £9-45 mV A
TN RIFITIEINS TN, L EORE R, 1@ I8OEE
ROV GBS TNDZ LD ERTET,
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AT 2 OYRE HCl ZERINL, VB bRERRC
FOWRAE R AT IR RAR 2 1T, FRBAA LD
W 35 B D AT B 1 B2 > CNAZEM BB D i T
FEL DS, RRANIC HCL O EEDMERWSRIFIZ W Tl g
EREMER A LB, £z, K, Ca¥, Dy IX[FIL
500 ppm TSN TVAHS, HCL 2K ST Tl
WESRIL Dy > Ca?™> K'DJlEE 72> THRY, ZiudA4r
DA DI DI TR AE R ELIRDHIEERLT
U5, HCl DIEEENELRDICHNT, 2 i & )B4 T
D Ca’tt Mg DOWRAERIMK T DM b, FFiC
HCl 7% 0.01 M OFEFTRMIZIK LIz, — 5T, LTT
—AAA TS Dy 1% HCl ORRENEIINL/Z50Th
B S R E o TUZZEND, ZD7E130.01 M OEfC
REI o=, ZRHDOFERND, 0.01 M HCL OFEETE
RHEKR DDLU T T —AA A OIFR AR 2 ik r D 2 &
Iclrz,
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X 2. VUER{bEEREE T2 B RHEK TS D& E A A
WA 2 31T 2 HCL A DR

Dy O EE LVBIZER7 S ppm &L TEAHEAIZERIN
L, HCHIREEZ 0.01 M ELT2BRDY TRV EE RED WL A 7R
DOFERER 3 1277, 1> Nate KAZREHL T, 13EA

EWE DRI ILT, )/&15%&0)%%%%1/@5%0)
AT DR D T, — 4T, 2 flid Mg*'& Ca*' ITBIL
TIX, 10735 20%F2 EE DV EREZRL, BEREORITIGU T
WA = DSHINT BEAA H T, ZRHDORERIZRIL T,
Dy*" IZBIL TIEEEREDS 2.5 mg/mL DS CIEHI 80% D
BHRERL, o 1 fi& 2 MoamA AT L GRIRE

WZRAESILVCODZ DR CET, SOIZHERES 2 {50
50mg/mL 23 5L 100%IT\ WA 7R, Dy O JE
IO BAA L EHEDE 100 47D 1 LLFTHAHIZEH
OO, BN EEZEINATRETH LI LN RSN,
E5IT DYy LIS DL T T —AA A LT, AT AE T A
AT YOI OW T RIL SR TR AR AT 72825,
[FERORE RDIFOIT (T —HEWE) . ZNHDORERND,
VA bR R TN T2 B KD D O BRI RS 1, Al
BOENTER L TBIL T T — A BRI FTRE
ThdHEBZLNTZ,

100 F
Xsgo | [ 25mgmL
Eﬁ' 60 r M 5mg/mL
a0 |
“n &
0 D - =
Na* K+ g 2+ Caz+ Dy3+

X 3. HCl % 0.01 M OEEETUIMLT- A RHEK T 5D
B JBAA L DRI R

#1. EINRRKICEENDL K BBAT L OIRE
LA A4 viE 4 [ppm]
5 SCHRANL 2 ik

Mg?t 37+0 30-101 10)
AP 181 £ 4 186 11)
Ca? 119 £ 2 96227 10)
Fe?* 80 =32 122 11)
La®* 0.017 = 0.006 0.02-0.07 12)
Ce3* 0.048 = 0.004 0.04 11)
Gd* 0.006 = 0.002 0.01 11)
Dy?* 0.012 = 0.007 0.012 11)

3. 2.1 VUBILBEBEZRAWZERKMODLTT7—R
D:EIRHIEIYR

AN THNNERIL 72 &8 A A DIREIE T DA Rl K
b, VU VEEREZ AW CL T 7 — AL 4 v IR AT
W AIRE CH DI EA LM U, RICE RN 50
DIREDL T T —ANE ENDERFEAKEL TRIRAKF NG,
UL AL EE B2 N TL 77— A Z SRR A L S A « (B0
T HIEERA T, KA IRICHDE)INEIRIE, KEEMEE
DB A2 pH 1.2 & HAR—O5RER DI IR K23 H
HL, 2O EOL T T —ANE ENTWDHIEN
HMHEN TS, £TIE, REOPFIRICE FND LR EA
T DPRFEEITHOWTEBRITRIEL, SCEE 10-12DLo
B2To72 (R 1), WEMEESCHEIZ BB LT —2L,
Mg, AP, Ca?", Fe¥ /72X O4&ED5+ ppm LA EEF,
R AP 26<#9 180 ppm L7ao7=, ZHUTKIL T, L
T T —AAA 0, La¥* S 0.02 ppm, Ce>*73 0.05 ppm, Gd**
& Dy 78 0.01 ppm FREEL2>TRY, DVeiSETHLI L

DRI AT,

ZZTETIIRIMEOIR R KIZ NaOH Z¥RINL, pH %
FREEBZETIRBENCE FNDEBAA L Z KB LD
B OGSE, B FRSATLERA 7772, [X] 4 |Z NaOH
TREEN 0.08 705 0.11 M L7225 INTIRIRKICHINL 72 B
pH &, A TRz BIETROLT T —AAF 0 DFRAF
AR T, NaOH SN 0.09M £ TiE, LT T —ALAY
HFEALFEAFL QA 0.10 M TR LIZE®, 0.11 M
TIE 80%LA EANLERE L THERD Tz, M2 & Ca?' IR
LT, LT T —AALA U LRERIZ 0.10 M CIHEEA LT
L, BOBRIZIZ0.11 M UL EDOTRIIALEETHDHZEN DN
S7=—J5C, AP*E FeIZBIL T, 0.10 M C 70%23 B0k



PIVTCWZ (T —HE) , ZOFEFIE, U721k E% EDS
THOMTUIZAER, TS AL Fe, Si ThoT=ZEnbbH
b, APIE =i THY, Vo {bEERAE WL T
T — AR BT D BRI, RBFA T HIEND,
APTMESEAYIZ IR BRI D RTLER S &£ LT, NaOH %
0.10 M DIRFEETHEINT HZ &L=,

fe N Tam D Ay EEIC L TR A B BR WV 72 BEIE IS
2 mg/mL DYREETUAbEERF AL, @@ A A D
FEHRE TN LT, AR T EE AT 5720 ICP-MS
ZHWTHRIELZ2, La¥*, Gd*, Dy O ENLE THLL
7eD, MIEDREAENRRRRELZL> TS (B 5a), 22T,
S DEBAANL 40%FREDOWEHR LT3, Mg> e
CaZBL TIF LA EWAE D HERRSL T, NaOH 1215
BTALERCHUBRIT 72~ 72 Mg>e Ca? a5 DERET oy
BT 2N TET, i C, BBAF U BRE LY R
{bFERF%E 0.1 M 0 HCl TR T2 S L0 iiftES, 4
JEAA AL 72 (B 5b) . Z6< D& JBAF 13 50%LL F
DIRBESRIZ 12208, APE 35%FEE SRS, Fe gl A s
S eh =T, ZOFERDS, TBEEOB M T Fe 20
PR ZENTET, LU EOWAE LHBED TRAR T, HHS
NI BAZ L DENEER S5¢ [ZRT, LT 7 —AA
T T RTC20%5HBZ TODDITHL T, FDMD LR,
AT T 5%LL R &7 T, F2, TIRAKDJFUKERIL
SN RHERIRIZE ENDBBBAA L DOIRE A N
LIz, LT T —ALA 3T _T 10 {54282 TWD
DIZXILT, TOMDERBRAL 1L 3 (FLLFERSTUE
ZEDE, BIRIKDEDL T T —AA A DEIR A2 A
WL T=ZEndrasiniz (X 5d) .

UL EOFERE T C, VB bEER A V- £ TR SR K
MOEDL T T —AA A DB 7 0 —%1% 6 |ZF
5, EJIERAKDIFERIZHL T, pH I L ARTEE]T
W, VBB UBERHZ XA R A A DR FED %, HCl IRIET
PRBES =25, TREL 77 —AA A DOIRIRAPEAEHS T
AEL7poT-,
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_i:‘ ——Ced*
A 3+
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20
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o . .
NaOHREE (M) 0.08 0.09 0.10 0.11
pH (BIZEfE) 22 3.3 45 67
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X 5. U P blEREE - F)HRR KDDL T T — A
A DFEPR AW AE IR

(2)0.1 M O NaOH JREEIZHHEEL , A BR e EIckt 5%
JBAA L DWW,

() WHELT-&E A% 0.1 M O HCl i CliBES 8750
JhipfER

() WAL MBS R DB LT[R,

(d) WL 7RIS E EN DB B A R DRI K FKIZ
X35k,



EJIIE 57K [REESEEE 0.005mol%]
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LR
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[REEshi-%E]
REEsD L LL: 8%
ZREE® EYRZE: 20-37%
HREEQRKICKT ZREL: 10-196%F
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X 6. VU EfbEEREA W CEJIRERANSL T T —2A
A e B R A - [R5 7 —

4. EE

FTATHRZE CTRENTWZY VR BERF DL T 7 — A A
AR 25 & B K CHRET D720, ARkifEkE
BIRAKERONCTEREIT-T-, &K ERTIL,
HCl #INREZ G bL, 3 DL T 7 — AR A2
W52 2BV T 28T, IELOE EN TR
WL T T —AA A BB L TS T HZ LI LT,
W EDOWFFENZIBNT, MIEORENAAET DV FEEEN
LT T —AAF U ERESER AL, i) G %5
T LOWREDFHET D0 D, VBB LD
LT T —AA 2 OBRAEIZBIL T, i oEn
T Tl WRE IS DML T 0B b5, NT
FEEDOE LI LU CHBEEYE, B EEL D ELE
BV B TN CTODL 77— AD BRI,
FHEME OB SNHE TH D, T, B ARTHED
HEIKHERE) h CL 7 7 — AR RIREICFET DI D
IO TETEY, HARNOLT T —A% BT A0 ENA
U AREMED @ £ TVD, A BINELA IR Z AV 25
BB ClEHHD, KIREDOLT 7 —ADEE 72 B )
ARETHDHILE FAETEIL,

FIZFRRIRAKITIBN TR, Weag ORIALEEEL T NaOH
IR 2 fai b 3520 C, ZEICEEND Al Fe D

EBAL BRI L TR bR ECE 5L
SN LT, BTALVEZAT > T2 WIS LT, Vil
BEREZ RN 2L TL T 7 — AR IR S 528
MWTE, SOV EDOE CTIBESE-L2A, LT T —R
DF 10 UL EIZERME T D28 LT, ZRHO5E R
XV LB RE D A LSRN IZRE 255 R Ch
Do VU BRALEERRT 3 DA BA A ~OEBRNEN T
THY, MEITIET TEAE LT <RDEN IR E D <
EHT T, tho & B A A DR BRI A~ G TX
DABEMEDN DD, LA E, VBRI Ra AN TR 427
B RAA VEINRERE T HHD THD,
5. $%0ORE

BEIRIZE ENLB BERECHME BRI Vo7
2EAL, TEXAIEFIARNENT RN ENREEN TS,
LA B Co DV AL TH DN, ZIVETOMH
FNBLE LB AA L DO IR LI5S
WL BB T DL NS T2 SRS 7> T
Do ZOXRELTUE, BiBERIEZEM T 26 LI
HHME F LB RIS OV B A S LA+ D8 0
ST-EtEED, BRAHAMEZRmDHIELEELE X T
WD, FBUIEI, W % I30E Doy B IS KO B RE 2 VTR
OELLTWAER, TEAr— LV TOERMAMEEE 2T
REICITE R AR SOSNE ELV, 2T LT, BERED
[ BEZR Y DX ERFIL CTODE, WERME T 45
PR EDHFTIRRIENET TD, A5, 7RIS
VY BRALEE R A B E T 572 8 B0 T 7 a—F 0, Hik
BSOS HIZEA T e LB DD,
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Summary

In previous research, a metal-adsorbing yeast with chemically modified phosphate groups (Phosphorylated
yeast) was developed. Phosphorylated yeast achieved selective recovery of rare earth ions from a metal ion mixed
solution. Therefore, in this study, in order to verify the practicality of this phosphorylated yeast, we investigated
the selective concentration and recovery of rare earth ions contained in environmental waters such as seawater and
hot spring water. Phosphorylated yeast was created by reacting commercially available baker's yeast with cyclo-
triphosphate. In an adsorption experiment using synthetic seawater, 5 ppm of the rare earth dysprosium ion Dy**
was added to a solution prepared to simulate the cation composition of seawater (Na* 10,000 ppm, Mg?* 1,000 ppm,
K" and Ca?" 500 ppm). Selective recovery of Dy*" from synthetic seawater was examined using phosphorylated
yeast. It was revealed that when hydrochloric acid was added to synthetic seawater to a concentration of 0.01 M,
other metal ions were not adsorbed and only Dy*" was adsorbed to phosphorylated yeast due to the difference in
valence. Furthermore, by increasing the amount of phosphorylated yeast, we were able to selectively recover the
whole amount of Dy>* from synthetic seawater. Next, rare earth ions contained in the Tamagawa hot spring water
were targeted for adsorption.  Hot spring water contains AI** and Fe?", which are approximately 20,000 times more
concentrated than rare earths in terms of molar concentration. A part of A" and Fe?* was removed as a precipitate
after pH adjustment while 60-80% of rare earth ions remained in the solution. When pretreated hot spring water
was adsorbed using phosphorylated yeast, in addition to rare earths such as Dy>* and La*", remaining AI** was also
adsorbed at the same time. When we desorbed metal ions from the adsorbed yeast using hydrochloric acid, only
rare earth ions were desorbed with high efficiency. Therefore, rare earth ions could be concentrated 10-19 times
with a recovery of 20-37%. It was strongly suggested that phosphorylated yeast is a practical microbial adsorbent,
as selective adsorption and concentration were achieved even in environmental water, which has a low concentration

of target metal ions.



