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5] &4 (rare earth elements, rare earth metals)= F7]&3%9 1774 3}t
2o TR, AE(So)d ol EE(Y), 281 TEd(La) -8 FHE(Lw
7HA 8] FEE S 167) A4E w71, 22 ES A9l stato] &3
g2 Ao Aol g em SR ST shARt EF Uhe
A8 A= w5 dHEe A9 AbEol A fa glow, dAl AAldol
Aol FHPLOR o] &HE FAS Euxto]E(monazite), HIEEUALOIE
(bastnasite), A =E}9) (xenotime), o] =243 & 2 T/7F gl 25 =
el SR 559 g5, AVA, AdA, B S A TAHS
Aol Z37E 9= 540
g B EFE A7A - 23719 545 Wa glof A
ZhelEr, AJAFH 22 dAAES RS AY Ve Aol gfsii
o] g5 glon, Agarel e <t &

A, AAAE] Alete A5, Abst drdA e AL, Ha 949
A A7F S, 7k bl o] FE 9y S =R A
v AY gdsin(RE s 5, 2014).
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THGd~Lw7A 9] 84 a7t (I efF2 7dH 34 1502 &7
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U 23} ) 2t B (NdwOs, Noedymium(III) oxide, Nanopowder,< 100 nm,
Aldrich 6346111, Mo, USA)% Sigma-Aldrich® H8 Fujstgl o, A g%
A B A H (Certificate of Analysis)E &3l % 99.9% & &35t} Al g
549 ?QX}EU] = &9lsl7] 93] BET(Brunauer, Emmett and Teller) 4]
& Sk AEE 50T oA 60~70 x 10° torr ©]&t2 FEo] fAE
| 7kA] 12417 A E Ay on, £A417]7]= BET system(Micromeritics
ASAP 2420, USA)E AH&3taith &4 271& <G 2>9F 2o

<3 2> kst vle™w BET #4 =3

Analysis gas Equil. time(sec) Temp.(K)

Ny 10 7l

Al edE ddz2E&d v Yoty B2S THT a8 A
=3 AgE Fd dASA 2 A F =&Y 3
NITC system, HCT, Korea)2 ©]&3}o] &AA A TH L
TEAL 009 ~ 15% o2 FA s =

=
>
P>

P

—~

WA st A A B3 8 2 857 (Ultrasomcator VC750, USA)E o] &3}

o
262 289 A, 32 FAV) 2eHAAE Ba) BAAAG. 287

Jee AAE AS UedE FRude] ARl BARAEA2Y



(Dynamic Llight Scattering, DLS) 9 A=27]54 7] (Zetasizer Nano ZS 90,
Malvern, UK)E A}-&-3te] AT

| ¥, oE

H# & 724052 FAE A EF T 7159 @S o] &3 FY=4
NARE(UAE 5, 2015 #Fxd9] w5 =2 AA3I0

FE2 A et E FRANS MR EEY SYAHAI LS o] &3t
qojzEst AA APsEd =& AT HFE &5y S8 A8 o
OF SRS Bd 4 ~ 8 29 375 T dloj2&3 27| 06
m ~ 0.8 mm 2719 L83 ~(orifice)E THAA =& A7 E A 5A
R EEY S W F RS BT 20 /2

]
(Optical Particle Counter, OPC, GRIMM, Germany)E ©]-&3}o =733t}

NITC Nose only inhalation system (HCT)

Dilution flow
Total flow (16~12 liters)
(20 litters /minutes) : o
\ | Bl
= = b
. |. : 4 -

(4~8 liters) "W q "

\ (7~8 per group)

Orrifice
T; (0.6 ~ 0.8 mm)

T
Airation flow T | T4 SD male rat

Neodymium oxide suspensioh (Sigma-Aldrich, 634611, MO, USA)

(25 1] Akt Hlet& doj=E B EAR(JEE 5, 2015004 Hd)
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AR A AN 5 Fe G, Y, A, sk e R B AR
g stistel o N Bel 24 9 A9 ) FEHES s

b Zet=vp AR (Inductively  Coupled
Plasma Mass Spectrometer, ICP-MS 7500CE, Agilent Technologies, USA)
= °o&ste] EAGUT Yeds 45 foto] 24 B dA(dH)s 5~
109 53] (volume) 9] 69% ZA4F(Merck, USA)ell Z& 3]
ICP-MS #4218 <x 3>3 2.

iin)
ol
!

<} 3> Yoy FE< ICP-MS A %A

Parameters Unit Value

RF power W 1,600
Sampling depth Mm 8

Torch-H Mm -04
Torch-V Mm 04
Carrier gas L/min 0.7
Makeup gas L/min 05
S/C temp °C 2
He gas mL/min 5

4) 71BAH EA 2 B (BAL, Bronchoalveolar lavage fluid) 23

ARt d b F dloj2E9] 4F HEFYEE B 457 5V & A 1A
Al AE=E [soflurane(llsung Pharm, Korea) & w3 2 & o] % 7] 74| ¥
FINHAS FRSAT. 7 BHAAZAH AL HE AlZL 3 573

N

g =
T Bal vl A4E ARFRE Fal AF S ARFLE 198



10 - FUSAARE 483 JEFELY IATIE 5= =& 971

AbakEo] Intramedic™ Polyethylene Tubing(PE—9O ClayAdams, USA)S 24

&3} Xﬂﬂ St 71 HAHEAH K] 2 FH = F 53] AAA s AT

NHFEE FE A7EE 3w AAAFE Hd T F o] 35 o)
Kel

gom o #74 F 14z AL AWAALA AL A 4 AR 9

& Hxmo] Algde] RAsH, YA 2 ~ 532 A V| HA A ZAH A
& AE IFES Eol7] Hdl st Al el BEF Baksiith AFE V)
HAHEZA AR NS YA EE 75 o] &3] 4T, 1500 rpm 22 10%3F 94 &
getanh. ol 1A NBAHEAH A S FAAYsEHEA

(TB-120FR, Toshiba Co, Japan)¢} 4822 #u]= = kitE ©|-&3sto] LDH
(lactate dehydrogenase), albumin, TNF-a(tumor necrosis factor alpha),
IL(interleukin)-65 A9t 13 2 2 ~ 532 A3 H 7] 24X Z A 2 o
oA Ao Mye sHxos Lj—o} A QA7 2] 7] (Cellspin, Hanil, Korea)Z
3 Sgfolzo] nEA &= 9 uAsta Diff-Quick &HS 3 I
30070 o]’de] AEE AFsle] FAEF, AAY, 5T £X H&S

2l sttt
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JX?L ot

5) BNst 9 G A}
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Abst oty odlol2F9] 4F MRS dEE H 45
4 Al #=Z Isoflurane(llsung Pharm, Korea)o & wh3
A AEskd et 33114 EDTA(Ethylenediaminetetraacetic acid)”
CBC bottle(Vacutainer 3 m¢, BD, USA)el &5 dAS 2%
(Siemens ADVIA 21201 Hematology System, Germany)E
WBC(white blood cell), NE(neutrophile), LY (lymphocyte), MO(monocyte),
EO(eosinophile), BA(basophile) 59 €d+& =439t}

FAABsLs A= clot activator’} 3% tube(vacutainer 5ml, BD,

Lo )
o
)
-I (

Mo M o

4@*%
4x o g
Nt 2

s
ofo
ol
oL
&



USA)ell Afdd dHS 15 ~ 2027 d=ollA S2AIZ £ 3,000 rpmol A]
1087 94 #2 (MF300, Hanil, Korea)ste] 4 dA S A 35IeE4] 7]
(TB-120FR, Toshiba Co, Japan)E& ©]&3}9 TP(total protein), ALB
(albumin), BUN(blood urea nitrogen), CRTN(creatinine), T-BIL(total
bilirubin), GOT(AST, aspartate aminotransferase), GPT(ALT, alanine
aminotransferase), LDH(lactate dehydrogenase), ALP(alkaline phosphatase),
GLU(glusose), T-CHO(total cholesterol) 5< =743}

At det s dlol2Ee 45 e Edes R 45 S5V & A9 F
e AAsdn. gl=o o, 3y, d A7) v ¢ aFEd. A,
A

79 AE JA4L AA T L0)E 39} o] & nlo] A 2 E (microtome) S o] &
—zs}oq 4 > <=t

o]=o] A7 Hematoxylin and
2 Fedn S o] gl AF

kst &4 A S 98l B 224E 5 50 mM 1AReHE & (pH
700082 Azt A7l & SRS T3 2 mg/g o2 BRI ol&
Catalase(Cayman catalase kit 707002), GSH(Cayman glutathion assay kit
703002), TBARS(Cayman TBARS assay kit 10009055) kitE o]-&3lo] =4
St T

OHH
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2b3F v ot /9 #4243 BET(Brunauer, Emmett and Teller) ®] %%
& 174453 m'/g °] e, Langmuir H] 4%7‘—1 S 24579 m'/g oAt Ats}
Wot e $4 YT 4905 m 2 SHelE T

parameter result
BET surface area (m'/g) 17.44533
Langmuir surface area (m'/g) 24579
Calculate particle size (nm) 49.05

¥ average particle diameter in nanometer : 6000/(BET surface area in m’/g) X (density in g/cm)
2) o= 4 B 54 g9l

Absl d QU & oo ZEo] W 23l
ﬂﬁle T3 FEANS FE HA A
Tl 0.05%¢ T&H4S Ao =
Ak Yl dE 005% & dAA7]= 6832 nm, PDI(polydispersity
index)= 0.357 o|Slth 253 AYE T3 AUAE 7tstdA JAa7] 2

se1s



14 EYSAAEE 8T HEFRAe

Lo
o
2
-d
o
o
off
al
ol
it
e
—

PDI ZA4gko] MA3s] o= A¥rp #EHA o, 100 mm
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<E 5> Aah WQUH SR A7) % 2y wal
Tirpe Total energy Particle distribution hariiclegsize PDI
(min) (Jule) (nm)
0 0 ‘ ‘ 6832 0.357
05 672 i, ‘ 3467 0.278
25 2036 ‘ 4220 0.236
T T Vi ;" ey a0
5 3634 . | | j 3066 0.19%
:' "W H:IA_I;I-GIJ —‘W‘}J
10 7374 - — J_ 3544 0184
20 13752 A 3289 0197
30 12909 l 206.4 0.186
R 1 TR TR AT’. =
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16 - EUSHARES BEH AEFEAY QALYY FE £F AT

3) dloj=F 24 Bl =&

Abek vl Oﬂoii}— T dEzws I AFE05 ng/m), T
&=(25 mg/m R aE (10 mg/m)«] Ao FAdst mE3AAY 2EF
=S A #FA 0}71 ko] Abst Y ed s FEAY =9 dojzE T

al 0 + 330 ]/m@, 203.1 + 388 J/mfé, 2565 + 36.5 J/ml
olAtt. FR-ALH S YA = Z7; 2062 + 31.0 nm, 266.5 + 14.8 nm, 273.4
+ 13.2 mn, PDI= 2H2F 0.23 + 0.05, 0.25 £ 0.05, 0.31 + 0.04 °]ATH(E 6).

<X 6> =273t T A3t bedE FEAY 54
Low Middle High
Concentration (%) 0.10 + 0.01 0.40 + 0.00 1.11 £ 0.13
Energy (Jule/m() 201.0 + 330 2031 + 388 206.5 + 365
Size (nm) 206.2 + 31.0 2065 + 14.8 2034 + 132
PDI 0.23 = 0.05 025 £ 0.05 031 + 0.04

Values are presented as mean * standard deviation

-

2 Y7 OPCE ¢

Ri2 =
b et ooB2EY Hit s AFLET, 5%

F Eet Abs vt
SAAY 45 =27 =

AFET ZH7E 051 £ 0.03 mg/m', 255 = 0.07 mg/m’, 10.09 £ 018 mg/m’
o]t} MMAD(Mass Median Aerodynamic Diameter)= 0.27 + 0.02 m,
+ 0.02 gm, 0.67 = 0.02 m AHEE 7, 219 3).



Concentration(mg/m3)

—=— Low
—e— Middle
—4— High

= s vl

Exposure period (times)

=E7I3E T AR U edE dojEE sk

OE

qolas = 2

g

P& =27

Low

Middle

High

Concentration (mg/m”)

MMAD (ym)

GSD

0.51 + 0.03
0.27 + 0.02
175 £ 013

255 + 0.07
043 = 0.02
1.56 + 0.07

10.09 £ 0.18
0.67 £ 0.02
153 £ 0.02

MMAD, mass median aerodynamic diameter; GSD, geometric standard deviation
Values are presented as mean *+ standard deviation
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m. A5+49 - 19

St ZhZy oF 22.1%, 34.4%, 34.6% FFAches ko] #EFH A M, 11 Al
o] A 47 W w279 BEE AFadlA dixzatd vlE oA Fh
Qo v Ae dsEdd AT fo) A S #RE A 4
S Bl At 4% WM wEo] e 7 srEE yorE B4 A% 4
7b FolEv AS AT F AT

dH 2 Ao votw A A Ay €4 457 v =ETd A d
ol ulal fFeldel Fbt wAH Ao, 4F ABTAAE FolHe W
= BEEHA ok dAe] A 47 N v &5 2 3B A g2
Hl&l] f2s Weles AdEHA ot

<3 8> F8A7IAM veHFE FTF 4
Control Low Medium High

4-week exposure

No. of animals 8 3 8 8

Lung (ug/g) 00 =00 86+ 26" 5.0 £ 192" 1830 £ 259™

Brain (ng/g) 44 + 32 256 £ 70" 585 * 30.8° 108.0 + 55.3™

Liver (ng/g) 24 £ 19 121.0 + 342" 1740 £ 99~ 3120 + 986~

Spleen (ng/g) 6.4 £ 48 341 + 21.3 64.0 + 42.3 177.0 + 108.0°

Kidney (ng/g) 106 £ 48 439 + 123" 710 + 41.7 919 + 40.8™

4-weeks recovery

No. of animals 8 3 7 8

Lung (ug/g) 00 =00 67 + 21" 387 + 125" 1200 + 11.3"

Brain (ng/g) 55 + 49 126 £ 99 202 + 81" 545 + 3377

Liver (ng/g) 117 £ 68 1270 + 37.8" 1500 = 3257 2150 = 729™

Spleen (ng/g) 137 £ 76 226 = 5.7 4277 £ 204 795 £ 536

Kidney (ng/g) 31 £ 42 327 £ 1117 376 + 153" 701 + 2427

Values are presented as mean *+ standard deviation
x P<0.05 versus control; ** P<0.01 versus control
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m. A5+4% - 21
<E 9> % 9 "ol Y or)E A
Control Low Medium High
4-week exposure
No. of animals 8 8 8 8
Serum (ng/g) 0.04 £ 0.04 021 + 006 0.17 + 0.05™ 024 + 010"
Whole blood 0.03 + 0.06 0.04 + 0.05 0056 + 006 0.5 + 0.07
(ng/g)
4-weeks recovery
No. of animals 8 8 7 8
Serum (ng/g) 0.26 £ 0.53 0.16 = 0.03 0.19 = 0.06 023 £ 0.04
Whole blood 0.00 + 0.01 0.04 + 0.04 022 + 0.34 0.18 + 0.18
(ng/g)
Values are presented as mean * standard deviation
x P<0.05 versus control; ** P<0.01 versus control
] Exposure [JExposure
[ Recovery [ Recovery
Serum Whole blood

0.5

Concentration(ng/g)
Concentration(ng/g)

0.0

Control

Low High

0.5

0.0

Control Low

Middle High

upo 93 % A Y OrF F=



22 - FYSHARE BET JEFEAY AATIY FE B3 AT

3) 71 HAH A 2 K (BAL) 24

A4 W8 w=ET 9] F A XE(total cells) T+ EH%‘_ Ass T8 4 1

wol 2z 078 + 031 10°/ul, 29.3 +

670 + 154 10%/w W2 BFEG oy e Hi%
ol SV #AHS 4F 35 F AE T 2T, Zi% , 5%

2D oA ZhzE 101 £ 056 10°/ul, 991 £ 10.3 10%/u, 56.4 + 40.3 10%/

uh, 969 + 431 10°/u N2 BZEQom wigroAnt e v

‘IC')I‘
Aol F7p7F BEEAY. 45F v = E o] o) 4 Al E(macrophages) = &
[
=
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2 oasoA e vlE fod b #EEHAL, o e
(polymorphnuclear leukocyte, PMN)¥ EE A] & o-of A] EHZ?LOH H] 3]
& F7h7F #FEHJT G ARE S HES AFE TEE
7 ok 34%, 36%, 53%2 Z7VarAh. 4% 3B B
ol Hlsl Fo g S7HF HEEAIL, T3
oA &t Hls) fele T HEE A z‘sgis_lllujl
=2 usE Z7h 9F 42%, 49% = F7FeFATHE 10,
AEEEY] FeE <29 8> % <1y 99 2 A
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<3 10> 7|AAHZAHN AFA ME ¥

Control Low Medium High
4-week exposure unit :10%/u0
No. of animals 8 8 ) 8

Total cells 0.78 £ 0.31 20.3 £ 16.0" 734 + 3207 670 + 154"

Macrophages 0.77 + 0.30 193 + 145 468 + 2877 31.3 + 857"

PMNs 0.01 + 0.03 996 + 310 265 + 735" 3.7 £ 103"
4-weeks recovery unit :10%/u0
No. of animals 8 8 7 8

Total cells 101 + 056 991 = 10.3 56.4 + 40.3 969 + 431"

Macrophages 098 + 0.55 591 + 539 325 + 287 493 + 2227

PMNs 002002 39502  239+130° 473 + 2117

Values are presented as mean * standard deviation
x P<0.05 versus control; ** P<0.01 versus control
PMN, polymorphonuclear leukocyte
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60 o

50 4
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30

Ratio of PMN(%)
Ratio of PMN(%)

204

Control Low Middle High Middle

[ 7] mEa B 3 Haells 7 BAHZA A A AL W}

Error bars indicate standard deviation
*, P<0.05 versus control; ** P<0.01 versus control
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7NBA A EAZH HA A AE EFFEE Eet7] 98te] LDH(Lactate
dehydrogenase), albuming A8 th L3 AFHES st S &2l3)
7] #lste]l dSol dFe A= AEAE=H , cytokine) & &
IL-6(Interleukin—-6)¢} TNF-a(Tumor necrosis factor alpha) ¥ 3= &Hels}
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<E 11> /| #AANEAR N AP AR Wt

Control Low Medium High

4-week exposure

No. of animals
LDH (IU/L) 89.9 £ 334 77+ 1957 1117 + 179™ 1080 + 345
Albumin (mg/de)  0.00 £ 0.00 183 = 718" 339 + 133" 369 + 1917
IL-6 (pg/ml) 716 + 96 829 + 149 1020 + 89" 1140 + 2227
TNF-a (pg/m) 364 + 041 594 + 1.09 7839 + 249 846 + 346"

4-weeks recovery

No. of animals
LDH (IU/L) 271 £ 695 109 £ 57.9 669 + 113” 1216 + 264™
Albumin (mg/de)  1.13 + 1.46 438 + 466 302 + 708" 639 + 184~
IL-6 (pg/mt) 70.0 + 79 728 + 103 7719 £ 99 1000 + 165°
TNF-a (pg/m) 2.63 + 0.69 352 =091 759 + 2.10” 934 + 347"

Values are presented as mean * standard deviation. *, P<0.05 versus control; **, P<0.01 versus
control. LDH, lactate dehydrogenase; TNF-a, tumor necrosis factor alpha; IL-6, interleukin 6



Control Low Medium High

No. of animals 8 8 8 8

RBC (10%ul) 840 + 041 869 + 0.30 882 + 0.60 858 £ 0.51
Hemoglobin (g/dl) 151 £ 071 15.7 £ 0.48 158 £ 0.65 154 + 063
Hematocrit (%) 423 £ 1.63 438 + 1.49 42 + 197 42.7 + 1.80
MCV (fL) 504 + 1.04 304 + 1.63 50.2 + 1.50 498 + 1.37
MCH (pg) 180 + 0.55 181 + 0.60 179 + 0.56 179 + 0.70
MCHC (g/dl) 35.7 £ 051 368 + 025 356 + 0.35 365 £ 0.96
RDW (%) 124 + 0.76 121 + 046 119 + 0.68 129 + 2.04
Platelet (10°/ul) 925 + 121 987+ 113 772+ 157 934 + 514
MPV (fL) 9.16 + 0.66 891 + 049 885 £ 0.74 976 + 1.68
WBC (10°/ul) 390 + 1.20 482 + 0.8 449 + 2.31 408 + 1.65
Neutrophils (10°/ul) 0.79 £+ 0.29 099 + 025 1.08 + 0.61 0.78 £ 0.21
Lymphocytes (10%/ul) 297 + 1.01 365 = 0.70 322 + 168 312 £ 1.42
Monocytes (10%/ul) 0.06 + 0.03 0.08 + 0.03 0.10 + 0.07 0.09 + 0.04
Eosinophils (10%/ul) 0.05 = 0.04 0.06 = 0.02 0.06 = 0.02 0.05 £ 0.03
Basophils (10%/ul) 0.01 £ 0.01 0.01 = 0.01 0.01 £ 0.01 0.01 £ 0.01

RBC, red blood cell count; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; MPV,
mean platelet volume; WBC, white blood cell

Values are presented as mean * standard deviation



Control Low Medium High

No. of animals 8 8 7 8

RBC (10%/10) 863 + 0.32 871 + 0.27 9.20 + 0.46 9.09 + 0.37
Hemoglobin (g/d0) 156 + 043 157 £ 0.86 159 £ 0.53 16.0 £ 0.53
Hematocrit (%) 449 + 1.49 450 £ 2.08 469 £ 219 464 + 1.76
MCV (fL) 52.0 £ 0.83 ol6 + 1.73 51.0 £ 1.25 ol.l + 0.69
MCH (pg) 18.1 £ 0.55 180 £ 0.70 17.3 + 0.69 176 + 0.39
MCHC (g/de) 347 £ 0.78 A8 + 061 339 + 0.99 345 + 059
RDW (%) 139 = 056 141 £ 027 134 + 0.39 146 + 2.26
Platelet (10°/u0) 983 + 51.0 971 + 61.2 4 + 111 993 + 4.2
MPV (fL) 7779 £ 034 768 + 0.33 753 £ 0.27 7.83 £ 067
WBC (10%/) 523 £ 0.75 5037 + 1.14 543 £ 0.58 576 + 1.25
Neutrophils (10%/0) 1.01 £ 0.14 1.23 + 0.44 1.34 + 0.26 1.28 + 0.23
Lymphocytes (107/u0) 394 + 0.70 39 + 093 384 + 0.35 423 + 1.13
Monocytes (10°/0) 013 + 0.02 0.11 + 0.06 012 + 0.04 0.11 + 0.03
Eosinophils (10%/0) 0.08 + 0.02 0.07 = 0.04 0.07 + 0.02 0.07 = 0.03
Basophils (10%/0) 0.01 + 0.00 0.01 + 0.01 0.01 + 0.00 0.01 + 0.01

RBC, red blood cell count; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; MPV,
mean platelet volume; and WBC, white blood cell

Values are presented as mean * standard deviation
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Control Low Medium High

No. of animals 8 8 8 8

AST (IU/L) A4 + 201 92.2 + 188 105 £ 31.5 110 £ 22.0
ALT (IU/L) 5%6.1 = 7.30 59.7 £ 11.9 580 = 11.0 542 + 845
ALP (IU/L) o098 + 51.5 677 + 101 667 + 100 607 + 138
GGT (IU/L) 0.69 = 0.60 0.38 + 0.24 028 + 0.32 045 + 062
CPK (IU/L) 436 + 225 290 + 115 334 + 209 414 + 131
LDH (IU/L) 1331 = 622 842 + 309 1030 + 724 1404 + 385
TBil (mg/de) 017 £ 0.02 0.18 = 0.03 021 £ 0.4 0.19 £ 0.03
Glucose (mg/d0) 124 + 111 127 + 126 120 + 156 111 + 852
TCho (mg/d?) 59.3 £ 10.2 585 £ 914 54.8 + 743 544 + 120
Triglyceride (mg/d¢) 387 + 11.6 376 + 137 345 + 111 26.2 + 6.10
TP (g/de) 6.23 = 0.13 6.34 £ 0.12 6.35 + 0.16 6.30 = 0.23
Albumin (g/d¢) 421 £ 0.08 429 + 0.10 428 + 0.10 423 £ 0.15
BUN (mg/de) 166 £ 1.74 185 + 1.18 1777 £ 1.98 148 + 1.00
Creatinine (mg/d() 042 + 0.02 042 + 0.02 044 + 0.02 043 + 0.02
IP (mg/d0) 743 £ 049 770 + 0.37 773 £ 0.35 784 + 044
Ca (mg/d¢) 10.2 £ 0.21 10.1 = 0.16 10.1 + 0.21 101 + 021

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase;
GGT, gamma glutamyl transferase; CPK, creatine phosphokinase; LDH, lactate dehydrogenase;
TBil, total bilirubin; TCho, total cholesterol; TP, total protein, BUN, blood urea nitrogen; IP,
inorganic phosphorus; and Ca, calcium.

Values are presented as mean * standard deviation



<E 15> 45 5%7e] BoAney W

Control Low Medium High

No. of animals 8 8 7 8

AST (IU/L) 80.5 + 9.79 838 + 11.0 846 + 115 92.3 + 19.8
ALT (IU/L) .1 £ 610 624 + 150 633 £ 10.3 294 + 973
ALP (IU/L) 618 + 140 617 + 176 649 + 189 604 + 101
GGT (IU/L) 099 = 0.71 1.06 £ 049 1.21 £ 0.63 09 + 045
CPK (IU/L) 262 + 134 274 + 1% 217 £ 135 203 + 124
LDH (IU/L) 910 + 529 984 + 796 718 + 542 781 + 568
TBil (mg/de) 0.10 + 0.04 0.10 + 0.04 0.10 + 0.05 0.09 + 0.03
Glucose (mg/d0) 135 + 158 125 £ 125 139 £ 17.7 130 £ 9.64
TCho (mg/d¢) 787 £ 16.9 7.1 + 123 735 + 121 64.1 = 841
Triglyceride (mg/dl) 482 + 145 476 £ 127 404 £ 129 427+ 119
TP (g/de) 726 £ 0.26 7.08 + 0.30 731 £ 0.34 719 + 0.25
Albumin (g/d¢) 4775 £ 0.14 469 £ 018 47716 £ 0.16 471 + 0.15
BUN (mg/de) 21.2 + 270 215 + 392 204 + 2.34 22.2 + 390
Creatinine (mg/d0) 051 + 0.05 049 + 0.04 051 + 0.02 052 + 0.02
IP (mg/d0) 8.08 £ 0.93 811 + 0.62 849 + 0.83 79 + 0.74
Ca (mg/de) 11.8 + 0.66 112 + 0.44 11.3 + 0.44 11.0 £ 041

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase;
GGT, gamma glutamyl transferase; CPK, creatine phosphokinase; LDH, lactate dehydrogenase;
TBIl, total bilirubin; TCho, total cholesterol; TP, total protein, BUN, blood urea nitrogen; IP,
inorganic phosphorus; and Ca, calcium.

Values are presented as mean *+ standard deviation
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<3k 16> 45 W w009 A7) S WSt
Control Low Medium High

No. of animals 3 8 8 8

Body weight (g) 346.3+18.53 345.4+21.98 359.2£19.99 347.1+19.53
Lung (g) 1.391£0.094 2141402707 234501147  2.238+0.149"
per body weight (%)  0402+0.016 ~ 06190059  0.655+0.047"  0.645+0.034™
Liver (g) 9.395+0.664 9.490+0.867 9.843+0.981 9.189+0.585
per body weight (%)  2.713+0.110 2.7145+0.124 2.7135%0.155 2.650+0.149
Kidney (g) 2.325%0.161 2.424+0.142 2.456+0.218 2.345+0.118
per body weight (%)  0.672+0.043 0.703+0.043 0.683+0.040 0.676+0.032
Spleen (g) 0.651+0.085 0.644+0.060 0.657+0.070 0.610£0.072
per body weight (%)  0.188+0.018 0.186+0.011 0.183+0.014 0.176+0.021
Brain (g) 2.038+0.084 2.006+0.049 2.044+0.094 1.981+0.086
per body weight (%)  0.590+0.033 0.583+0.038 0.571+0.041 0.572+0.035

Values are presented as mean * standard deviation

xx P<0.01 versus control
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Control Low Medium High

No. of animals 3 8 7 8

Body weight (g) 499.9+28.93 495.9+25.25 464.6+44.10 488.6+30.07
Lung (g) 1709£0.132  2.118+0.1917 307704827  3.495+0.460"
per body weight (%) 0.342+0.027 042740030  0661£0.063"  0.716+0.082"
Liver (g) 13.75£1.675 13.49+0.918 12.39+1.509 13.02+1.021
per body weight (%) 2.7145+0.224 2.720+0.144 2.664+0.135 2.667+0.151
Kidney (g) 3.071+0.292 2974 0.173 2.829+0.357 2.890+0.148
per body weight (%) 0.614+0.033 0.600+0.033 0.610+0.058 0.592+0.029
Spleen (g) 0.926+0.095 0.862 0.116 0.828+0.080 0.853+0.034
per body weight (%) 0.185+0.017 0.174+0.021 0.178+0.010 0.175+0.013
Brain (g) 2.140+0.098 2.113 0.055 2.073+0.072 2.066+0.099
per body weight (%) 0.428+0.014 0.427+0.018 0.450+0.049 0.425+0.041

Values are presented as mean * standard deviation

wxx P<0.01 versus control
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Findings Grade Control Low Middle High
No. of animals 8 8 8 8
Normal appearance 6 0 0 0

Lung

H+
o
3
]
D

Alveolar proteinosis

++ 0 0 0 1
Hyperplasia/hypertrophy,

alveolar type II cells t 0 1 0 1
Aggregation, alveolar macrophages + 0 9 0 1
+ 0 3 0 0

Infiltration, inflammatory cells,
alveolar/perivascular

+
)
w
&)
Do

++ 0 0 0 1
Lymph node, hilar

+
o
—_
o
—_

Aggregation, macrophages

Grade: #, minimal; +, mild; ++, moderate; and +++, marked
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Findings Grade Control Low Middle High
No. of animals 8 8 7 8
Normal appearance 5 1 0 0
Lung
Alveolar proteinosis x 0 6 5 0
+ 0 0 1 6
++ 0 0 0 2
et 0 0 1 0
Hyperplasia/hypertrophy, . 0 0 0 1
alveolar type II cells
+ 0 0 0 1
Aggregation, alveolar macrophages t 0 6 3 1
+ 0 0 1 1
++ 0 0 1 0
dveolaperaseuta S B R
+ 0 0 1 1
+++ 0 0 1
Lymph node, hilar
Aggregation, macrophages £ 0 0 1 0
+ 0 0 1 0
++ 0 0 0 3
et 0 0 0 1

Grade: *, minimal; +, mild; ++, moderate; and +++, marked
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(28 11] 45 3)50e] 3 22we] ARI(2004)
(A; control, B; low, C; middle, D; high)

8) o] bahA &4 A &

Abst Yot g e 45 W8 =F 9 4T 38 A Ao 48 FE QA0S
st f8te] AbstA &4 ARE AU 45 e =579 L
9 31 E o) A glutathione(GHS) ] thZ<toll v]&] 94 47 A
AH, 47 | EFAM = LesEant dxzao] v foHd gavt #Ey
Att. Catalase B4 S AN 45 e =E779] A LadlA djzaro] v



HaE Aol #AHoU TE AP A= xRl BlE o3 Hske
BAE A gt} AF F BT BE Aol A xRt vs] 93
W sl BEE =] ek}, Thiobarbituric acid reactive substances (TBARS)
SAAN 45 9 =23 R 45 I ETlA ol vl ol Wk
A gkt

<3 20> =AM Absk & A W

Control Low Middle High

4-week exposure
GSH (nmol/mg protein) 1.97+0.55 1.34+0.90 0.69+0.25" 0.48+0.22™

Catalase (units/mg protein) 35514882  22.25+2.37 26.59+7.95 38.32+4.59
TBARS(uM) 17845+20747 214.43+253.80 190.78+221.62 287.87+232.97

4-weeks recovery
GSH (nmol/mg protein) 1.49+0.59 1.16+0.20 1.05+0.19 0.55+0.30"

Catalase (units/mg protein) — 31.55+7.99 28.86+4.03 36.96+4.18 33.01+6.83
TBARS(uM) 218.38£156.19 126.51+186.45 221.61+201.35 272.97+220.16

GSH, glutathione; TBARS, Thiobarbituric acid reactive substances
Values are presented as mean * standard deviation

x P<0.05 versus control; ** P<0.01 versus control.
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of the Rare Earth Metals Cerium, Lanthanum, and Neodymium in Vitro:

Comparison with Cadmium in a Pulmonary Macrophage Primary Culture
System. Environmental Research 43, 142-156(1987)



Abstract

Study on derivation of no—observed-effect-concentration using

inhalation toxicity data for rare earth materials

Yong-Soon Kim, Yong-Hoon Lee, Seo-Ho Sin

Chemicals Toxicity Research Bureau, Occupational Safety and Health
Research Institute, KOSHA
#339-30, Expo-ro Yuseong-gu, Daejeon, 34122, Korea

Neodymium, a rare earth metal, have been used in extremely high
power applications, various other substrate crystals, optical glasses,
component of magnets. Neodymium is not found naturally in metallic
form, and it 1s wusually refined for general use. For this reason
occupational handler in the workplace can be exposure from several
routes. Male Sprague-Dawley rats have been exposed to 0.5 mg/m’, 2.5
mg/m'and 10 mg/m’ of neodymium oxide aerosols for 4 weeks (6 hours a
day, 5 days per week) in the nose-only inhalation chambers. Particles
size was measured by optical particle counter (OPC) during exposure.
There was no clinical symptom and unusual change of mean body
weight during exposure and recovery period. The contents of neodymium

in the lung were 86 + 2.6 pg/g, 59.0 + 19.2 ug/g, and 183.0 + 259 ug/g



Abstract -+ 51

of low, middle and high exposure group each after 4-week exposure.
The cell damage and inflammatory effect indicators including total cells,
polymorphonuclear leukocytes (PMNs) lactate dehydrogenase (LDH),
albumin, interleukin—6 (IL-6) and tumor necrosis factor alpha (TNF-a)
values in the bronchoalveolar lavage fluid (BALF) were increased in the
low and/or to high exposure group after 4-week exposure. The
frequency of histopathological view and lung weight were also increased
in the low to high exposure group after 4-week exposure. However, cell
damage and inflammatory effect indicators, histopathological view and
lung weight were decreased after 4-week recovery groups compared to
4-week exposure groups. Based on these results, 0.5 mg/m might be

suggested as lowest observed adverse effect level (LOAEL).
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