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Abstract; As a new generation of fluorescent nanoprobes, rare-earth-elements-doped upconversion nanomaterials
(REEs-UCNPs) have unique conversion properties of anti-Stokes luminescence, and have remarkable advantages

such as high luminous intensity, long fluorescence lifetime, low excitation energy, large penetration depth of excited
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light in biological tissue and little tissue damage, etc. In recent years, REEs-UCNPs have been widely used in bio-

medicine, in vivo fluorescence imaging, solar cells, health detection and other fields, and their environmental and

human exposure have become increasingly prominent. With the in-depth study of nano toxicology, the biological

toxic effects of REEs-UCNPs and their impact on environment and human health have been gradually concerned

by researchers. However, there are few reports on the biological toxicity of REEs-UCNPs. In order to provide ideas

and reference basis for the further development, application and in-depth research of REEs-UCNPs, this paper re-

views the research progress on the biological absorption-distribution-metabolism-excretion, biological toxicity, toxic

mechanism and their influencing factors of REEs-UCNPs in recent years.

Keywords: rare-earth-elements-doped upconversion nanoparticles (REEs-UCNPs); biological toxicity; research

progress

i L8B4 0 I ¥ 44 K B B} (rare-earth-ele-
ments-doped upconversion nanoparticles, REEs-UC-
NPs) /2 i 1-TCR B AT i A 10 94 K 0L 2 D' bt
o, HREAGE A iy 5L 5T VT ) RN AT R 2H 8, 7T LA
T A 22 JZ A M ) A HH R TR A i TC AR AN [) A 4 oK Tt
ki, AR 7 X0 LB B4 g8 K b
EHgitanE 1 FiRY, REEs-UCNPs filifs + 594
KIGURL A0 R P T — A, AT LAFE 2L 41 56(980 nm)
WOR TN KA R BUE B A OGRS, SR g0
JCRPEHA L, BAT KOs B SOt K U g
R LGB RE S0 LA ZE U /N A A
BV AR P ST AE SR REEs-UCNPs 754 ¥ 1
& DEsh iR Yy 25t e A BH B HRL it A T AR A
RGN H 25712, I3 40 ARG R B 2E U 2 A
PR BT AE R AT S 40,2020 4F, Zhu ZEE
FHAE F L LL (RB) HY 76 SR H#B-GP /K BE A& i 1Y
UCNPs(NaYF,:Yb.En)ff: 2 Je A6 Ak 2% 3t A1 541, F
HmZiiE IR a6 7O = H VR S HR
(PTB) LA & 1 1 i BRI 2 21, sk S A e He R 500
EI I AT V) T B K % 5 W7 2R VLA A 67 i i 4t 4
2021 4, Xu ZEC1H F NaCsWO, 44K & Ja) 1 3% 1 45
B TRIER(LSPR)S N, RV W 3T £1 116 I RE 1 i
e % ' (upconversion luminescence, UCL), 1% i1

20%Yb3*

2%Er3!

i NaYF, 5 NaYF,:Yb,Er & 4fif{§ NaCsWO, , i ] 5]
K PHBEASER A Lt (PSCs) 1, &G 4R 5 124 %
PLE . TEFRSU8AL T, 2020 4, Lei &7 4 1 £ 5%
JEME#4 Y REEs-UCNPs, SEBL T 4 il BLI5 790 45 (Er)
BTEAFRERZ MM RE T, A A PR
980 nm F£ 55| 808 nm K, b4 K07 6 & 5 LT (5
PIE & ESUNOE RS S R E et W CI L 9 W E i e
KIZZ AR 20T SR KEY 5 B . B REEs-UCNPs
FEAS U FH I H 2512 DA OR B B4 10 R e
HAY R B G | AR e, HArxt
YORM B YRR T S8 2 0 S 9RO
TR R G4 K A RH A SR T XS T REEs-UCNPs
X5 Y 5B R D, A SO REEs-UCNPs 7E
AR IR - A3 A A - HETE AR B SRR
B 5552 i PR 2 56 1) B0 I 9 4G EA T T 283,
& 2 4 W HE 1) REEs-UCNPs | 4 J& H 3 FH DL K A=
W& S SR UL BN S B K |

1 REEs-UCNPs } % -4 70 -4 51-HE it ( Absorp-
tion-distribution-metabolism-excretion of REEs-
UCNPs)

WF5¢ REEs-UCNPs 1EA= 1K A WS- 53473 -4 Qi -
HE XS H A )2 e VAN B S S, ik

(3.7£0.5) nm

Bl 1 NaGdF,:Yb,Er@NaYF, ZEX#H LB L ERMAKXM RN SR REE BB BEE
Fig. 1 Schematic of the core shell particles and corresponding TEM images of NaGdF,:Yb,Er@NaYF, "
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HEFFRRPEMLRIAT S $2 (L S B . sh S s, 2 0n
FER R R DK 0y AT Je g, Do Wos i
REEs-UCNPs Z7¢ JIFJIE | JGUIE |20 JUE | 55 I R0 25 8%
BRI, (R T A A AR AR B R IS
JGE , HE7E 24 h NREPGERENT ) AT HRE B
N, O SR T AN I A A I L 1) 48 i P A
i Z BIAEZE B A2 M 05 ~3.0 um F1 50 ~80 pm /)5
FURISFL , AT T B b, 2 45 ) Rl K SOk A 2 95 1
PEUS S T Ah AR I AR P 2 R GE X REEs-UC-
NPs HA —& BTHBRAVE I, 5 25 94 K JURRL AR L 15
TR uEd REG.S nm)i, B /NERIE 32 BH, K it 44
RIAUREBE 5 6 I RE p R AR il Li %
F2(Y) & iR & 4k UCNPs (PEG-UCNPs,
i1 UCNPs & NaYF,:Yb,Tm,Gd)7E 1K N B4 50 1, $i 18
/NEUAR T B 15 mg - kg™ 1977 & # ki 4 PEG-UC-
NPs, KU H A5 576 30 d A FL R, I 55
WY SRS 1 b R TR 5 T KA
30 d S JLT- A I A 21 M R Y U] 2 24 b JS
AR T K s T RE,30 d e B E LA IR 2]
it v RS B A Y &, 45 R R B PEG-UC-
NPs 764 5 5 W& 29 430 A, B AR 136 T 5 160
() 53 A 15 A N SR, HOMENE 2 4R R AR £ AR,
Chen Z&"WF5E T /N B # Wk E 31 PEG | 2R ik 15 37
JHie(PET) 5 I iR (FA )B4 1) 22 B 1] 135 5% 71) UCNPs
(NaLuF,:Gd,Yb,Er)24 h 5 18 d J& Bk N 5 1i 1&
L AR BN, 5 H A4 ZUM E, I BE S ) REEs-
UCNPs 7E3X 2 /™ B [8] 5503 35 55, 29 87% R AEAE I
. 5RZE0EIKZ Y —H, X REEs-UCNPs i
B A BIF 9 4 v A S TR HE itk 3R 8 S D HE i 3R
G, WEEE N, 43 A T E ORI NE SE R R
REEs-UCNPs 7£— B[] J5 AT DA< oy HE it | JFHCHE vtk
H 5 REEs-UCNPs [y 2 I & 1 i & JC &P, (H
HEM #1252 REEs-UCNPs Y RLA%R 55 46 i I 14 4 5%
Mt Seo SV B FE B B4R LU /NERFL R 1)
REEs-UCNPs J4f 23 0% B 78 HE 5 LA I, 78
H1f) REEs-UCNPs 1] % % & # (Kupffer) 41 ffd 5 it
AR S ZCHEME Y o Li SRR SR R W W) Bk
i I 41 D 75 145 1 PEG-UCNPs 78 J7F it 9 775 [ 3%
KFWME, [FFE, Tian %2 H PEG ,D-SP5 Jik Fil ¢
£ K-I(UEA-I) & i B UCNPs @ SiO, (UCNPs N
NaErF,: Yb@ NaYF,: Yb@ NaNdF,:Yb @ NaGdF,:
Yb)#EAT AR AR OC S5, 45 5 % W], REEs-UCNPs
F B B

2 REEs-UCNPs B4 45 1% ( Biological toxicity of
REEs-UCNPs)

HHT, A EHF 9% REEs-UCNPs A= 4 35 1 1 4 18
B HIAT I 2 o0 208 Mkl 2D ARk
B, 28RS R BN, N AR EN
REEs-UCNPs JZ2HX} %42 [, 2017 4%, Feng 551y
W5 £ W], £ PEG & 1fi ) REEs-UCNPs (Ba, GdF,:
Yb,Er)30 d 12k BE PR, iZ0b REG I 20 i oK i
JRUBBEIR , XoF F1 /N B 2 B (L O i B RORT) 1Y 20
L] 2w AT, Li %% Rk (PPy) . DNA
527 5 (Dox) &4 i) REEs-UCNPs, #% 18 9.4 mg
-kg™ AR H AL HE Balb/c #RER 1.7 F130 d )5, 525 H
Xof REZH Le s, S ey A 4 UK DL S A 5, 0t v A RS
WEY 5 300 27 JH 2 B 48 A (79 20 PR 2 JE 5 7% Tl
(ALT), K4 24 W2 2 5L 5% % Tl (AST) | S IH 41 % (T-
Bil) &2 F (TP)FI H 8 H (ALB)) A1 2 11 ' T RE 45 b
(ULEF(CREA)FI R 2 (UA)) Y 7EIE 4 5 B Y . Tian
SEROT ] 4 Fh i 44 45 4 (COOH , PEG , D-SP5 , UEA-I)
') UCNPs @ SiO, (UCNPs & NaErF,: Yb @ NaYF,:
Yb@NaNdF,:Yb@ NaGdF,: Yb) P4 Balb/c /N 1)
KA N EEYE , & IAE R IR0 30 d J5, 45 SR8 4
/N R 0 A L B I B, L S R AR (s
JIg it YA 2 3 B b S s A, o v A Ak Ay
MraBA , SE5G 4 MG B2 2 Rl EGe b T4 22 5, 2019
4F | Guryev U R IOk iR i (PMAO) 5 il £ 11
S (DARPIn)9_29 &1 ) UCNPs(NaYF,:Yb,Er,
Tm/NaYF,)iff 47— Pk 5 Rk 2 vh ik Wi 5
HIK S UCNPs (9708 BR5 K B 2vE 25 PRl 50 45
SRR AR RN BRI B — 2 BRI KB 14 d
M PEFEMER G R , UCNPs X 28 B FI 4 40K 18 il 75
PERZIA 50 820 s s Fe ik s M e 45 S R B, UC-
NPs %I KB AE T D) R oA B 52 M, X /N FRTEA R
AR IEE B AT BEAE /) BR A G2

TEXT REEs-UCNPs 4 £E ) 3 PR 55 v, A
Oy SEIRZE B F I 8 M N 5 21 ST RE A O A
% HBE RS IET, 2018 4, Yu SP05E i A
S[R3 B () UCNPs % ICR /) B3 i Y 1 7 ke i
i, % ¥ Fit 44 (Pro \Nle . Bpa , Leu il NPY) DSPE-
PEG FGA] MC540 & 14fif') UCNPs (LiLuF,:Yb,Er
@nLiGdF, @mSiO,)7E 200 mg-kg™ & i} AT i 52 56
ZH ICR /R FIRE SR AL H - TNF-) iR G N, 15 ik
BRBEARAE BN [ /N BRUHEDD 7 i B 240 B i i e
L5 UM A% R A B T, 2019 4F Chen %5
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FH PEG . PEI 5 FA f&ii i) UCNPs(NaLuF,:Gd, YD,
Eniff A7 A [Fve B 2tk s M 0e | i ik 2E il e 25 21
R, AR A S IR ARG (CHE) S 20 A T [, 21
NBRUTF S B 52 232 Gt 0 5 AH SV B0 A 45 R s |
Bt FHEE AN (10 ~ 100 mg-kg™ )/ BUAY AT RES5 15 5
U BN I A 52 T SRR K | R B
P 2 I 552 78 1ML, UCNPs e #5744 70 mg -
kg5 100 mg - kg™ A% /)N BRI o0 B A4 18 R 5 0
100 mg - kg™ ZH {9 /)N BRLGA FE 30 H B /NG R 1 2 44 )R
R BERAE B BT B4

IR ST 22 SR R HH R K s s G 1 R
REEs-UCNPs *t 3 ¥ i 8 1k 5% W, 2019 4F, Lay
SERVA A R AT T O S d Y A A R R R
¥ 3P4l T UCNPs(a-NaYF,:Yb,Er@NaLuF, )i 2 4
FHAPEFIHLR BUR A | 25 3L 7R S50 24155 0T HE 20 [

BT 225, W1 A R I ALIE H UCNPs (S IRCFI R 22

ANEFL I B A AT
3 REEs-UCNPs WEEANEREZWEZ

( Toxic mechanism and influencing factors of
REEs-UCNPs)

H i, 5T REEs-UCNPs (15 1 F ML 3 4
HA PR 20 i 1T, A5 BIFSE B, REEs-UCNPs 5 4 fifd 45
TR B R B A P RTS8 00 D 52 45 5 3 i
PESUIE AL 55 T RE UL | A Jo I 07 S5 B
U HETT BN TR T R, AN EZEES R
/N B SR s ] ) REEs-UCNPs &b B X 45 Fh 41
FORAAG Z A2 Q5% 1 ir7s . REEs-UCNPs (%

=

wo
)RS X6 SR 1 3l — 2 5% ), B 5 - A

(quantum dots, QDs)% 22 Kl 40 K WUkr 1 1R P9 40 57 1

*1 WA EFBRAMKMESHRNEENHERE N
Table 1 Cell viability after incubation with rare-earth-elements-doped upconversion nanoparticles
i 4B 5 1 1
K4 KL (REEs-UCNPs) e R
T {18 32 A SN T[] /b ; N
Rare-earth-elements- o fﬁ% S /mm S F Aug-mL™) TR /% i UEN SCHk
. Surface modified . Response . o .
doped upconversion . Size/nm . Concentration  Viability/% Cell line Reference
. ligands time/h
nanoparticles Apg-mL™)
(REEs-UCNPs)
HepG2 4
Ba, GdF,: Yb, Er PEG 24+5 24 5 000 >85 P i [22]
HepG2 cell
WI-38 Jil£T 4k 41 it
NaLaMgWO,: Yb, Er - ~105 48 50 ~200 ~100 B [26]
WI-38 fibroblast cells
TR 2 HeLa cell
/IN BREALAZ L I 4
NaGdF,: Yb, Er PEI 42.6+83 24 12.5 ~200 >80 27
! LA 7]
RAW264.7 cell
HepG2 4l
HepG2 cell
B-NaYF,: Er, Yb -CD 38 24 25 ~400 >75 L 28
¢ p e )
1929 cell
Ehi4
NaYF,: Yb, Er FA, PEI 5 12 750 ~12 000 ~90 A [29]
HeLa cell
NaYF,: 94
¢ CIS/ZnS QD 30 72 1~1245 >80 A E A [30]
Tm, Yob@NaYF,: Nd, Yb Cal27 cell
ez vl
NaF,: Lu, Yb, Er PPy, DNA-DOX 4245 12~48 200 ~1 000 >80 Hela cells 23]
: Lu, Yb, , - + ~ ~ )
) Y KNG ¥ A 2 293 T
HEK293T cells

[ :PEG #7153 Z - ; PEI 7R R ZJR I 5 8-CD KR B-BAMIPHT s FA 3R MR 5 CIS Fn B ; QD 3&7R ik 1 & ; PPy 7R BB HLI ; DNA-DOX

F7R DNA-HRIRZ LI,

Note: PEG stands for polyethylene glycol; PEI stands for polyethylene imine; 8-CD stands for B-cyclodextrin; FA stands for folic acid; CIS stands for

CulnS; QD stands for quantum dots; PPy stands for polypyrrole; DNA-DOX stands for doxorubicin hydrochloride.
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TR, Hmg Ve S A 2m AUk R B Fl A |
p o3 AT LA R 1A 2 rp v B S AR e A G,
AR Z 51 REEs-UCNPs fOZE R0 K HAEE
HLHIATE
3.1 BMEAXT REEs-UCNPs FEAE FH i 5 0i

REEs-UCNPs (110 A7 ol R () — 11, R ILAE
ST AR LT e AT R R ARAE LA ZE A AN
RSB eI, HLAEAE W % vhl b LA R A1 43
FeoE VEFNAE W ARZSVERY . s i B4 PEG 44 ey
YR ENE B PMAO 5+ /\UJ# (ODE )34 il 7K i
AT 5 PE % . 1 2198 7R, REEs-UCNPs % i
JE A FLA B DL B A M T AR 1) b S A
P A TS W NI O @ S vl R 2 N e )
REEs-UCNPs Bl (1) 7 + 55 1 A% iR 56 A1 40 B4R
FH 2 80 ATP 2036 , HE i S804 i gd 1= 5 @ ik 4
13 200 B 1) TR B AL AR S B % E S PR, 2018
4F | Chen %P 5% 2 B, REEs-UCNPs(NaYF,:Er
5 NaGdF,: Yb,Er) Al 3 B flUE 48 A IE 35 1
Xu FEPYRIFGY K B, ARV B (25,50 ,100,200 400
1800 pg-mL™") A REEs-UCNPs(NaGdF,: Yb, Er,
Mn@ NaGdF, : Yb)X A i 240 A 52 SRR 4 e B 14
AT RF9E R I, AH [R) 56 5T A4 B Y REEs-UCNPs 11 1E
o BRI —FER A B, 5L ] WS
YRR M A 2 S R R A KL, Rafique S5 BF 5T (1)
NaYF,:Yb,Er A REEs-UCNPs 7 i 5fl| & (700 pg -
mL ™ A1 1 000 pg-mL™) Y7 A9 40 i #% (HeLa
AS549) /INER b 98 40 JfLBR (SCC7) FTIE & N 20 Jifd ik
(Hek293)12 h J&, 40 ffL 3% 71 52 B 40 #1° . Guller
O A [] A4 8B REEs-UCNPs Y75 (& hy 125
ug - mL™) A T 40 A (Hacat) 120 h 5, A A7
TG T B n] Zm ATt

) 22 T B A4 ) REEs-UCNPs B3 ke &
PES A AR AN R Y, SR R AL R AS B ()0
SR T HL 23 U bR 2 T R Aar SR AR Bl ) 2
B T A A i Xt L Y i B S ) A T T
BEFEAERPT ) lan B (IR IR (2 ) A i ik 7Y 07 i
i) -fix Bt -2 (B9 s 480 B 2, L W PR 1R ) (POEGA-b-
PMAEP)%: 2164 1Y) REEs-UCNPs 1] ¥ it 2 Jfd 37 35
FERLNE , A0 A% I — RN AL, an A Az A
BB RAS A C23 5 B23 B B AR
1EPY, PMAO HI PEI & /fi i) REEs-UCNPs 1] 1 i 4f
TR 25 0 55 ACAE | Ca™ i T 4 88 ARG R 40 i B9 3
TP R 2 R 4 K H i ik (PEG-DGE) % 1 119

REEs-UCNPs i 4 s B B2 s PRV, SR B A=
FERE ST WD 28 T4 22 B I ) 446 ) i 0% M 11 fd
FASAEE AR, 2020 4F Liu 259 5 B gT K
DNA 5 &40 Kk T &1 i) REEs-UCNPs 114 41 ffl 5f
PR ZWEANTT
3.2 FIHL X REEs-UCNPs 2EAF FH (i
NZHF5E 7~ , REEs-UCNPs 2 [f i, fif 4 25 1k
S35 H 5 A ML B AR BAE . REEs-UCNPs K T HY
far (BB AN A A2 A6 4 T 4 ) 5 i, -5 HL fir Ak A
SLE YA OC, G, 40 M55 55 W Y REEs-UC-
NPs 2 W [ 25 11 5, Xof JH: 3% T F g 52 e AR K20
2015 4, Zhang P55 &3, UCNP@ SiO,-PEG F1
UCNP@ SiO,-PEG-NH, HJH i {H# PEG & Ifi Fl /&
B )G & T AL R R E AT S
it T S SO AL A K INET S A TR HL A (E A A2 1k
HE— 50 REEs-UCNPs 1515 574K 2 b B9 40 i 4k
FHWARD S5 HAR, Ko A IEHL AT Y UCNP @
SiO,-PEG-NH, L7l £ Hi fif ) UCNP@ SiO,-PEG 5
UCNP@ SiO,-COOH H & i i:f P 7% 4 FH 1 A 4 i
DR bt 240 5 FBCH: B A 4 T 2 PR 00 5 1717 P A 2/
i) UCNP@ SiO,-PEG 4K F UCNP@ SiO,-COOH
{18 i PR FL A7 114 568 55 N [+] 7 559 F 47 1) UCNP @)
SiO,-PEG TES: TR R h 23 Rt Ak o 2 H AR =
AN ARG, A M S B N | i — 2 S BCREE
R, BT IE HL R %) REEs-UCNPs S T4 41 i i
FEL I 5 |30, S0 T PR 7 0 A0 L ) S 186, 2018 4%
Guller P {58 7R, [A] 4717 1F B 447 (1) UCNP @
PEI@Dx 5 UCNP @ PEI [ ¥ K T G H fif 14
UCNP  XF 47 B i VE A . 2019 4% Lay 462
TEF5 2 B AR Wy it 90 vh | TR RE & A TF HR £af 1Y
REEs-UCNPs B 25 5 g W R ZH 2L L N A
3.3 Rif&%F REEs-UCNPs Z5AE (1520
AR T8 2 W5 e W, 76 - 9 R JORE ) A= )
MRS ORI AR BB M OGN [RDRLAR (1 = 40 oK B0k
S5 AN [A] () 4 0 [ )% . Semashko 255 [ 1F 5%
W1, 3G TR R RS 0 oK UK ST Y A 30 0 B
A5 e B A G, 5 FLR SRR R B UIAH G s 7
AR SRR R T £ 98 KR, & 5 R Y 8
JoT K AR G AR A oA EAE ] 2P
i B A 2R ) H S B B IR AR R A R R
FEREURL, SEXRIARTE 55 nm LA_b BYHR 1 99 K kL
NG XA A = AT AT, A N RS 4
KR A REEIE S 5K . SR, Chen 455
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RIS s | A5 K AR s - 490 K T B 2% 5 i s B8
TER PN, LEABXTEE /N g oK R0 B 55 5 L 9 i SN
RIEAMMBERIS £ . 1 5F,2020 4, Wang 51
ST W, R RN 35 nm 195 (TN A R ) & 1
MG 148 A% 0y b 5% 45 44 K JURK (PAA-REEs-UCNPs)
) 20 BB B i i T 42 R 55 nm Y PAA-REEs-UC-
NPs, SR 1l Ji5 77 149 183 3% 380 35 98 1 25 a1, ik AF — o 72
FERE T Chen 25 Y BF 5T 45 5. 7T WL REEs-UC-
NPs FLA2 %] A5 AR P 52 10 2 3] £

4 RLZ5RE (Conclusion and prospects)

REEs-UCNPs Hi T~ HURR 1 6 Ak 22 ek, HOR
FHH %5072, HHEJ, REEs-UCNPs HY 4= ) 24 1 1 4%
7 LA 358 RN AR RRE 1) 5 i) £ 285 e —3 40 o
FEMKE, A SO 447 & REEs-UCNPs (1)
W3 AR -G -HEE A= Pt AR LT S s e
REITHIT T LR, A HIE T, 47 3¢ REEs-UC-
NPs A=Y a5 1 i) S B 58 AH X 55 0, HL A o vh
2RISR 7E L7 5 N, REEs-UCNPs X
INEUIIR R SUR 280 B 4140, (R g
], REEs-UCNPs F] 3 E3li4) th 3 5 7k [ by 2H 41T
REME IR GG, L= A4S0 T-, KT REEs-UCNPs
BEVE ML S H5 i 2R B0 5%, H An s SR R,
REEs-UCNPs X A= W 1 1 5% i J& & 22 2 A8 1, HL4%
S KL 2R 2Z (AL AEZEAR B4R, %40, REEs-UCNPs
THIFELAT (AR AL A2 35 AR R 5 R BRI R 1Y
S [A) i Hd T 538 REEs-UCNPs (R AR | A
T 22 4 ) REEs-UCNPs (I EEPEVER .

25 Bk, H BT XS REEs-UCNPs Fi4 4= 4 75 PE BF
FEZ Rt HAEAE R RERF o # B AR
— gL R H Ik, —J7 X REEs-UCNPs #94: %)
BEPE AT IE R IZ BT X G Kb A 2 A T 8 1 T 1
A R IR /)N |2 T P Aoy o 2 RN o S i
22 [ A 40 22 T RN sl ) 2 T A 7 4 T 7 AR A
ST, 5, 757 REEs-UCNPs J3 B A6 357 4 R
TR T A 40 9 RN 2P ) oA AR AR |
TR AR A SE(F B, 421 B REEs-UC-
NPs 76201 Jfd A1 AE 90 1 D9 19 28 Ak R 3 AR s . 5
=LA RN AR AL R S A 2 S AR T
2 RIZRBEGE, 5245 7~ REEs-UCNPs 4: 9
FEPESLH AL T2 VTR SRR S

BREER N ZRAKA979—), B, 4+ #3225 H
WA A ST S L R H A AR

HEBEFAEZB N FREQ92—), %, M+, 8l %48, £ 2
CER PR R RS = L
FAEA980—), & W+, #HiI% T MR T AT AREY
TAFRE,
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