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Toxicity of Talc Containing Tremolite asbestos on Respiratory System in Sprague-Dawely Rats

Yong Hyun Chung® - Jeong HeeHan - Min GuKang - Sung BaeLee - Jong KyuKim - Hyeon Yeong Kim - Jung SunYang

Chemical Safety and Health Research Center, Occupational Safety & Health

Pulmonary toxicity of talc containing tremolite asbestos
(TCT) has been sudied in term sequentia in Sprague-Dawely
rats. UICC chrysotile(average diameter 0.03:m, average length
2.93m) was goplied as the positive control. TCT was andyzed
for its physicochemical properties by transmisson electron
microscope equipped with energy dispersive X-ray
oectrometer(TEM-EDS). The effects of 2mg TCT (telc average
diameter 9.7£84m; tremalite average diameter 1.6+ 1.6;m,
average length 10.8=£7.0im) on pathologica changes were
evaluated after 1, 8 weeksindgilled into rat lungs. 2mg Chrysotile
continuoudly affected lung pathologica changes. Inflammetion
and granuloma reponse broke out from 1 week after indtilled
with chrysotile and the pathological examination further showed
increased legions of lung after 8 weeks. But TCT did not
showed |ung pethologica changes. The biopersstence of TCT

:I:

A 1 20009 49 79, A€ - 20101 69 1
T FAF 104-89%) 2RI RAAT,

WA AR (A

and chrysotile was evaluated by TEM- EDS. Whereas
chrysatile continuoudy have retained to 8 weeks indtilled into
rat lungs, talc of TCT showed statisticaly significant decresse of
diameter from 1 weeks and Satigtically sgnificant changein S
aomic % compositions at 8 weeks indtilled into rat lungs.
Physicochemical properties of tremolite of TCT were not
afected until 8 weeksingilled into rat lungs This study showed
that the durability of TCT in the lungs is much wesker then
chrysatile

KeyWords:  Talc containing tremolite, rat, biopersistence,
intratreched inillation, TEM-EDS
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F A FAE A R0 A EF, A Al
A & AT} A H ALe) A EAE0] wasto] Aol of
3t A7 A3k of) whel A A A A 2] Aol S7kstaL Q)
oyt M)A Aol ek #e] = v]g 3 Aejolch A o))
AR AL &S P FEEA S Ee A
A S o] T np | AEFE] 3t EFo|th AT
Z BEE AL 1007 HlF2 26~28¢|th @42 x5
¥ ofe] n|eF Qo] meh ol 74 A4S WA He dH
E&o| vt A7) AAAE A f4A ETo] B 540l

At 24 FEoll= =4 (chlorite) 7 T4 (carbonate)© ]
A4 A A g, of | A Ak A= T2 A, 244
(anthophyllite), %F714] (ectindlite) -] 4 ¥ 7] &= 8= o] 2
3 PEo] gy £ 9l obd R glong AHy
2] (asbestiform tlc) 2 718 0] & o] oF HrHHarben & Kuzvatt,
19%). A2 AFapgolt AR g ol A ERH =
1-5mg/m'(7) 818 1F) 4 E= o] A 7HBoundy -, 1979; Gamble -,
1982) H & £ 08 Y= B 9 rHWild 5, 1995).
= A Aol T2 (remolite) 2 2 ok 3}
Zakyo] 9l E4o) ZRH W XA 4= 9tk 20000 &
6ol AHAord R AAT Aol 4 U A FA4E 9] 5te]
AF)w 7|2 2AEta e ook Ul ook EA 2
o 0 A A AR Tl T4 A7 405 tfgt v g+
FFE A e BE 84 dao)A o] AEEA
okorA|ml F5ro A8 Q=Y A A4 A EA B 16
N & T34 (tremdite)o] HE¥ Al 27F7/17F e Y
QAN A ARG FQl stufak 94 253} F=1AE 94 150l A]
A vo] AEHA tth Y AzA A £ Tl &
AL HFshal ol 2EAE= oo Y Al € &
A L 3700E =gl om AR R FQE

T ARRE 1 919l Th 2000 42 o) B4 ) Al A S
Qlate] AP R A AT Aol o] gE SuAE 94 153} 5
A UM 288 WA S A AU AEE A o 9
=¥ DA A F 106 5 25 olA = T2 A o] HEH Sl
31418 2007 of] 407] =+ o) Akel| A 7,620,000= 0] AJARE] 9
O w Z3H(32%), V] =(10%), O S (7%), HHE(T%), T~
(6%), B2t (5%) FollA 5 ik B AL QItHUSGS, 2007).
S-2|uete] &4 9] F v ek 8unt E o] ot H A
ApERS Z) A A An B 10% AEE 19 E AEE 44
Skl QTH(Sh=r 3= A FAL, 2007; St A A A AT ¢,
2008). 72| uhet At Al o] B g e ok A 3] ¢F
o g HE HAY o PAH FAFFo R B R F44

A (tremolite)o] thek AbEH o] £ A A AW
(tremolite asbestos) & 313+ 7Hs Al o] glom, THEAY
A AFEG o 2R E WAE ] JAH BAFto
AHEA] Z A w el olE] Eto] E(atigorite) 7} = A
=25k WA chrysotile)o] 9 2 7ha/d o] glekel <) Bt
1998). ¢-2vtete] S S f-5Hd (33 -, 2009)> 2002
1A o]l 95651 Al | A] oF 247k o] AR 91 0.1 2006+ o
LU A A oF 235k Eo] AFE-E| Q) om A A 5
0% o)l Tl A FAE A ¢ vkete] &4 F 46
T SRR AREE A Qe /bR et R Tea YA A
7HA (32.6%), A A& 2 (fillers) (27.8%), % 2HA1(10.7%), <t
AA6.7%), FITA(36%), =58 E HA1(09%) 52
A SR 2 Q4%7F AFEE I gl o, BA A A A, i3}
AR, A, I EE = D FHAE 7 7H0.2% Y =t
AHEE 3L Qle A S AREshE E S St 9 Al
AZA(395%), D= U FolAlF Ax(344%), 15 2 &
2k A Z2(9.0%), 71EF 5781 A=A BW0), Va5
BAE AZABN) o= LA Qe vl=rellA = 2007
¢l 68L000:=0] A4k o] Al2he](31%), FAVE(19%), AIA
(219%), ZTHE(5%), SPEE(2%), 2 oka2 T3] ol AF
£ % A THUSGS, 2007).
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A RO Seutel e 38 B Bel Aol
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O] wE27 (T A Al 2007-255) 0] olatd Ao
frlo] QA o= B9 wE7|52 2ngm ©.2 H o 9)
o, Aldo] o] Ol EA2 A VEs WELRS
s o} gltt. = A A4 (IARC, International Agency for
Ressarch on Cancer, 2000)01 4= A d 75 dH-frek 24
< Group (1A EHE4), &4 8- vir] 3491 & Group
BRIALS 7FsE4), Y A5 E8obA e 24
(FY=E)= CGoup AU R B/ ol =4)

lo %

&S AFESRG o H, Tl =
EAZ AL MAE ZFE 2 General Science
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§h A5 Skl 5(1991)] A5 A2 o whel Zb
A EE mortarel| A ZHA] F40], T 100mi7t 5o Al
frel ol Img® ¥, 22X 3F FoF 25 oA
(SWEEPZONE, Quantrex S280) & +#-4HX)7] %, polycarbonate
membrane filter(Millipore GTTP 02500, nudiepore filter, pore sze
0.2um , diameter 25mm)f| 521 oJ 7}&}S T, o A1 71 e & 7
%3 F 213527 EMITECH, K980 AHg-ako] whanhe
9]38] a1, 71 HEE carbon coated nickel grid(EMS CF200-Ni,
diameter 3nm, 200mesh) %] o]l <235 37 chloroform vapor=- ©]-§-
ato] 1243k 52k &3, :1 A 7Tk

2) A v

A2+ gridi= EDS(Energy Dispersive X-ray Spectrometer,
HORIBA, 7009H)7} 24 F3}74 213 1) 7 (HITACHI H-
TIOORA)S: AH-3}0] HA1850h. Rk Ak n| 4 el 714
R 100k SY9ITE 7 A B T A e A 0 = kA
© 2 2 5100000 ~ 50008 &4 Zo]9} A7 u]
£0]310] Y= 10719] 442 Y2 A g3to] A2 o]
s} 47 o) 54¢ soteha, EDST 7 Al 9] T4 A%
23] Betomic 9% 31Tk A BB P& FA
A1) 7(SEM, HITACHI S3000N) & ©]-§-fo] 7123191t

2. NE3= % ASE

N FES 5494 5455 (Specific Pathogen Free,
SPF)Q] SoragueDawley(SD) = 7 778 = T D5 &
()N A <k whol barrier sysem?®] 554 ol 4] 147 3
A7 & 78k i e et BB AREISITh Al S s
2 ATE A ER sto] A AFHA} H A3 HES
3o, vzt 10v}e], WA Fof it 1omfe], F2H I A ek
A ol 1071 5O g AT Al E EL S T
Folet 7t T AR ES AT EL Fo $ 17, 8% 7
THE 5u] A S ] AL, ke 4 2 EDS 4] ol
AHESFITE

TS &5 21 3C, a5 501 20%, £713)
137183 /hr, ZHAI7F 2A17H QA 9A] T 9T 9A) Bl 2%
1507300 Lux= AY = 9o, At AR Hard A
EE9 13ALE (Labdiet S002PMIE -l 8ke] A2 A
ANZ B2 vlAlo] 7] 9 9 S o] gsto] o, &
SANTETE AR AFAAL BE s ES A A
717t E_E 2 H Q1 E 2 ARG AFAH280W X 500L X 200H mm)

T 121
o 124 83tk A @71 F AEACIA el A E
A2 ehae 2ol
3. FOFE U Fo{uy
NBEES Ketamin(F 83 0 2 n} & F, A1 2
A 2ot A Bt ABEE § vhel 2ng03nt in

sdine £ % A8 FE9 7|2 Fo(intratracheal
indtillation) 3151 tHBdlmann & Muhle, 1997).
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= fES
ol thato] 19 18] YAAE-S A8}, B

Phem, Koreg)© 2 4| 9552 o417 Belgatol ] 7]
& 4 20 471ef thsto] < AR st
D529 8 24 )

& & skl A e
10% FA E2nk G-Hof| w3t T H 2
171242 gt 5 sheha ufaha npo] AR E
uh4 5} 5 Massons trichrome &3 A1-<- ato] B8kedn] 7 o
FHASESITE 179 A% 5 71 # e fiber A&
gt FIh AR A S A 2] ARE-SFSITh

do WU |o ru &
o HUR

6. HILY fiber 24

10% A EErFI O] LPAIZ] T A% 7 242 F41
%7] (FD8S05, llsin Leb)oll A okt AZA17] th, 9] 7]
2 2439 5 #-23] 3% (Low Temperature Plasma Asher,
Yamato, Jepan)°l| A4S &8 A 1241 7F 54 3] 3AI A
t}. 33l #| 222 Fber free T 577¢l 591 nudeoporefilter
of A ¥}atal, BHE 1138 & A FT 27| & AHeoto] B
& 913] 27, 71 ¥ E carbon coated nickd grid £l &¢1=
17 chloroform vaporE: ©]-8-sk0f 12A17F &<t &A1 7 5 4
ZAA 14T HAY A SHES 13 ARE ARSI
A g e AP Ed S 7R HE Folsly] Ao A=
A B 22 27 0 2 Rtz v 3} EDSE o]



ANEEA BA F= 6 B, 5 A S das B 5F
HAFE EAIBF5 o1, B/ =2 13 PSSE o] 2-5ko] H| &
/\7476@0] o] oJHHj]u Jv‘f*“(onewayANOVA)lﬁ o 74
Aottt LA EAFREA A ol ido] A H A=
Dumnett tH-H] w2 o]-8-8ko] 1214 sttt sl
fiber 472 ttest = 2149 A 83k

. A7Z%
1. AE8d sS4y
EDS7} 21 F AR 33} FARAR 3 & 08

3ho] TFO-T) B AL 71 9l AW akY A o] S Al
B3 AT S 24 A3k STl B4 £

(tremolite)o] 1% m] ¥k = of Q%L eH, F2 A g 24
(tdlc containing tremalite) L 412 A H.9) o v 244

/\—] b’]— o %M lﬂ _‘%7]—/& PSS %1\01-_% E?i 1:]. E'Aﬂ'-Aé/%] zg-_f'_)l_

G4 A (37 A7 97184m) S FUZEAR AHE
) A (35 721 7 0.03um, 3 72 0] 2.93+283) K.t} 3004]
ol w& Boks Bolal, FAAA TG4 LH 1%7—}’9*4(**
FA7 16+ 16im, 340 108+7.0um) WA H KT} oF
58]} o] S kS H.Slth(table 1, figure 1) Al =4 9
A7)(A 7)) HE = WA WL 10 g | HHo] 100%1 H] H] ko]
G2 5ym o] o] 74%%] 0. FZHA2 Bym o] 87 90%
%thteble2). AT EA O] FAAALE A8 A, A
Mg 58.07%, S 4050%, Fe 143% ©. & YEp O}, G418 Mg
43.0%, S 57.01%= YEFSEO M F7H404-2 Mg 34.68%, S
54.38%, Ca10.91%, Fe0.06%=. L}EF:tTH(teble 1).
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Table 1. Size and element composition of chrysotile and talc containing tremolite.

. Element Composition
Diameter (1m) Length (m) (Atomic%)
+
Chysaile Mg5807 = 082
0.030 £ 0.015 293+ 283 S4050 £ 092
(=20)
Fel143 £ 013
Tdc Mg: 4300 * 2.76
97*84 - )
(n=50) S:5701 + 276
Tdc containing tremalite
Mg: 34.68 = 067
Tremalite S:5438 075
16+ 16 108 £ 70
(n=10) Ca: 1091 = 067
Fe:006 = 013
All values are expressed as mean £ SD
Table 2. Size distribution of chrysotile and talc containing tremolite.
Diameter (1m) Length (¢m)
<10 1050 >50 <10 1050 >5)
Chrysotile(n=20) 100% - - 85% 15% -
Tac containing Tdo(n=50) 6% 2% 4% - - -
tremalite Tremalite(n=10) 4% 50% 10% 50% 50% -
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(Magification) TEM
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Tac containing
tremalite
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Figure 1. TEM and SEM image of chrysotile and talc containing tremolite.

Body weights(g)

—— control
—o— Chrysotile
—— TCT

T T T T T T T T T T
pre-treated 1 2 3 4 5 & 7 8 2]
Time(Day)

TCT=talc containing tremolite
Significant differences as compared with control :
*% P < 0.01

Figure 2. Body weight change of SD male rats after
instillation.
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2% ¥ 24 & dHsto] FErn| g o2 o 248 At
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HF= 57t F 3rkg oAl HS5HS (granuloma) Ko7
Al Zato] o] T gF Tofl = A W0 BE Al TEo
A YERSE O, FAA A 3-8 ol ol A= Al 7|7
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Table 3. Right lung weight of SD male rats of 8 weeks after instillation.

Absolute lung weight Reativelung weght
(unit: mg) (unit: %)
1wek 84061529 0.227+0015
Control
8wesks 9204+699 0.201+0.019
. 1wek 092.6+70.4** 0.280+0.025**
Chrysotile
8weeks 11350+355+* 0.236+0.014**
Tac contaning 1wesk 8282+731 0.230+0014
tremalite 8wesks 991.0+586 02010014
All values are expressed as mean = SD
Significant differences as compared with control @ #* p < 0.01
1wesk 8weks
Control
Chrysatile
Tdc containing
tremalite

Figure 3. Histopathology of the lung of SD male rats instilled chrysotile and talc

containing tremolite. Chrysotile ; granuloma and slight fibrosis. (Masson'

trichrome, x 100, SD rat).
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Table 4. Histopathological finding of lungs of SD male rats of 8 weeks after instillation

Contral Chrysotile Telc containing tremolite

granuloma fibrogs granuloma fibross granuloma fibross
1wesk 05 05 ***3f5 #3/5 05 05
Bwesks 05 05 b #5/5 05 05

%% 1 granuloma +++, %% : granuloma ++, * . granuloma +
# slight fibrosis

1wesk 8weeks
Control
b T,
PIREEN
Chrysotile
Tdc containing
tremoalite

Figure 4. Histopathology of the lung of SD male rats instilled chrysotile and talc
containing tremolite. Chrysotile ; granuloma and slight fibrosis. H&E staining (X

100)
= RE AN FE)A G5u-g-0] YehA] ekt %2 o= A 877 Z RE A HE A 4828
o A13HE A7 913ko] Masson'strichrome 93 4)-& 3o 2 ol
Feteu) 7 07 BES Ao s MAy Eol o= 1) = 22 W QJAke] e w3} gl m i B
W™ Fo] & 130 AlEE 5rle] & 3ufg] oA Yehd WA H 3} F7 4 8- 24 S gk whE] T 2mg/0.3md in
7] A &Fsto] WA Fo] B gFo|= BE A|HEEoA] Al dine w52 A 8FEY 7% Y2 @3] Folstal 15, 85
5 (dight fibross) & #H2-ak 4= Q11 o, F7HA3 A shp-2h4] o] F-sto] 7t F=2] # 9] IAE FaaarEn A o
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Figure 5. STEM image of fibers in the lung of SD male rats after instillation.

Table 5. Change of diameter(:m) from lung of SD male rats instilled chrysotile and talc containing tremolite.

_ Tdc contaning tremalite
Chrysatile .
Tdc Tremaolite
Before 0.030 + 0015 97 £84 159 + 1588
1wesk 0.027 + 0013 54+ 81** 059 + 0.334
8wesks 0.026 + 0013 41+54** 053 £ 0.353

All values are expressed as mean = SD
Significant differences as compared with control = ** p < 0.01
Talc No. = 50, Tremolite No.=10, Chrysotile No.=20
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Table 6. Change of diameter size(um) distribution(%) from lung of SD male rats instilled talc containing

tremolite.
] Tdc containing tremolite
Chrysatile .
Tdc Tremalite
<10 <10 1050 >50 <10 1050 >50
Before 100% 6% 20% 4% 40% 50% 10%
1wesk 100% 24% 4% 3% 9% 10%
8weks 100% 18% 54% 28% 9% 10%

Talc No. = 50, Tremolite No.=10, Chrysotile No.=20

Table 7. Change of Si atomic % from lung of SD rats instilled chrysotile and talc containing tremolite.

) Tdc contaning tremalite
Chrysatile -
Tdc Tremalite
Before 4050 £ 092 5701+ 276 5435+ 0.75
1wesk 4535+ 259 56.85 = 1.56 54.38 = 1.06
8wesks 4176 £ 097 60.11 = 1.66** 5438 + 240

All values are expressed as mean £ SD
Significant differences as compared with control : ** p < 0.01
Chrysotile No.=20, Talc No. = 50, Tremolite No.=10

= @2 Ao(figure, tble5), FAA A IR S A EE
=oll Fofsh] Mol FAAMTREA o &4 Hit A
730] 97+84me] P oY 7 E U7 9 F 1504 = 54+
8Lm=E o] 3t WstE K on Fof 3 85¢= 41154
Z Fo% HskE Bylo, Al s Eel Fold F2HIAs
23 ) B4 -2 3 ) gl WA w o
A E o g Mt GiTh Al EAS 7% U= Fo
T AT AT - A1E B4 37)(A7) w3 sk
A o] St Lo, FAAA SR EA] o 24
& A @B Folal7] Aol smel o] 74%H o1t A
=4 o] F 17l buoldo] 3% Fo] 5311 Fol &
870l = 28%= E01 5% 0.H, Lum | ¥HE- 7ol Holl= 6%
O} Fo] T 1 Fol A= 24%, Fo 38T M= 18%E 5
ol utthteble 6). T2 THEA U F2MIAE AFEA
o] Aelli= Lum o] do] 60%A S A=A Fol 157
= Lim o)/do] 10%= Zo] 53l om Fof § 85l % L ©]
o] 1%z Al 7ke] A }ste] 1= W 8= Gl THtableo).

2) # 224 f §JAke] Aawst 24

A FEA ] AZF AIPE YA S vl wsl] 95k
ANFELES NP FEY 71 HUE 18] Fofsta Fo] & A
AR A PEES ssto] AFEAER o oA
O APEAY] AAaNHS 71F)E T 43} EDS
£ o] g-3to] BA S Ad, A I} FAAATHEA Y F
M N @7 R ol mshrt gl o, T2

T ) G2 Fo Moll= §7b57.01E276%0] 31 0.1
A B EA Fo] B 8 Fof| A= §71 6011+ 1.66%= 528t ¥
SHp<0.05)E 1.3t} (tble 7).

V. 1 &

T1Eere] o) 3t st zAL A3tE A A4
Sl 2 gl w8t AL Aaks A9 4 0= teket
Al HebdthBaan, 2007). v = 75 G4 Fak LEAF 4l
A Fu]Fo] WA g v} 9l o 1H(Viana 5, 1981) ©] # %] &
Aol s F24 2 A g 244 0] gHx o] 319l
O m(Klenfdd -5, 1973), ©] A9 oA 15 o)/ FAFSE 2=
A} 2607 of] t gk ZAFe A = Hdolu e AV E
(mortdlity)o] 3u7F 718t 1L 1% 8] F9] % A7) s
SAHKlenfed 5, 1974). w] Al gt F24AdA]o] ZEE 4o
Z 2y olggotd] Fak Yl AlEA FEA ] T g 2ol A
= 408 19 Z(slicoss) o] B ¥ 1} §lo L} (Rubino
T, 1976), H < o] A o]l st A Z- APl A = HA] &
5] Agke] F7tel o g B4 F5 A 2EAS] F AN
ESZ7 sk o HohS 238 L E oo AN ES
S7FetA ofskom T3E o] B /i3t (Coggioa 5,
2009). AH-& S5 9Far 0.25% o) 8ke] T34 Al gt
el Aol Z2E |5 HEE G A A4 2
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2A ZAMME 54 ol Bt ol o= YEt
AT AL 7] SEARE gl 7)ol A AZ ]
WARA F-2H(radon daughters)of] 2 2 %%l 0 < £
= 9lglth(Sdevan 5, 1979). A1 & SH3-5]#] 9kl
(quartz)o] 05%-3% $Hrdl o] 24 FHi5 FEAF AL
ol A= Bl ot S5/ Agko] vERg o YH(Leophonte 7,
1983), &L o] A o] st =& ZALIM FAHCE
O %k Qhell gk APEE ] T k= UEREA] e okth(Wild,
2000). P11 R} £} 196 v] 5] A3k A RA(R 241, A
AAe] B 2dE AT wE2do]e] Bkl AlEA
22l et ZAR A A2 S ] F2 224
80 % 601 gFol ek ont Agelut F)E e
AL A THWergland -5, 1990). Wild -5-(2002) 2] Z=Ate]] 2] 5
W o sEelol 49 B4 AT ZEANA A% T3
RE 99 37k Ql9lom], B4 Z2E Hane o
gloh H 9} E2} 30 of] APl A ARF DA A ZRF T}
of oJgk #Hekel F7h= slflon, Folu Ay Z= 1
373} 291 o] el A3k A & A 31
T} Wild(2006)7} 1] =% (Selevan 5, 1979), 2+ (Wild, 2000), .
2~ E 2] o Wild %5, 2002), =2 9]°] (Wergeland -, 1990) 1]
1 o]=kejoKCoggiola s, 2008) 5-2] HIATH Y &A & F 53t
CEARS] HF AP E S 2ARE A} suRte] 4 Al
2] B2 APFE(SMR)S 092(95% Cl, 067-1.25)31 2.7,
ojggjote}l = glo] T w5 FA A ZEALS X
F A 52 1.20(95% Cl, 0.86-1.63) 2. 2 U} EFE T},
Siemiatycki(1991)7F ALkl Al TReket 557-9] of 3kt 201
< X ohek Tkt 5 9] L= AL 400072 IO 2 A
Aol A= A = A Sk SAR SR 79
o] 31tk 20061 IARCeIA = o] 213 AL AR E 7]
EAES FHrobA (AU AR AT ek o &
U DAL Abghe] kol ti st w8 SA7HE < ¢l
+ group 3= #7313t

1] =+ NTP(Nationd Toxicology Program, 1993)¢i] 4] €-41(H tf
JA+=7] 10 ym)S 0, 6, 18mg/m’ ©. % Fischer 344N N =of &
A 6A7H F 53], UBF(F7) 52 12257 52 H2A]
70 A3} Al s 5 AEES U7 AR o £4
o ZE2HA A P-sEoNA FHE P 5odo] A = &
AL, A Hi TR ZZE G AT = 79
SH(p<0.001) 5-%}(@veola/bronchiolar carcinoma or adenoma and
cacinomg)o] LFEREEOR 57 GEelAE T35 okl )
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