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Domestic Rock Wool Toxicity Study on Respiratory System and
Biopersistence Evaluation in Sprague-Dawely Rats
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Rock wool, akind of asbestos subdtitutes, was andyzed for
its physicochemica properties. After fivers of rock wool were
instilled into rat lungs, These pathological changes were
evauated. In addition, the fibersin the lungs were counted and
characterized after the lungs were treated for electron
microscopica andysis. The lungs of rats showed pathologica
lesions such as granulomatous changes, but these lesions
disgppeared a 28 days groups ater indtlled rats. The rock wool
fibers in the lungs decressed more 50 % dfter 28 days indtilled
into rat lungs. And rock wool showed early change in fiber
compogtions after 3 days compare with chrysotile showed after
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LA AANANAZA 4, 24, vh v, &5, 2
O E Ao Yl R R (smthetlcwtrewsﬁbers
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T 7FsA witel B HAS Eu JJr, A v ol A A o]
o 3k QP2 o} 4] e ot 7} 7} o] Fof A% ¢k AFEf o]
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7 days indtilled into rat lungs. This study showed that the
durability of rock wool in the lungs is more milder than
chrysatile

KeyWords:  Rock wool, rat, biopersistence, intratracheal
indillation,TEM-EDS
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(&, fred) Al ol SAF Hd FEAHE] thsk 4]
ZAA ol oJshd 1Al 29 #Hgolu 219kt
O FHHY L 3HE 5 91310, De Vyst (19955 % 2],
o 5ol FEE ARl M SF7] Agke] o]dhe 5% F
A+ gk &4k IARC (2002)+= Volume 81 (man-made
vitreous fiberg)ell A Q1Z&fr2] Al ol thgt 1-53ke] o 8kzA}
A} A 843 T& A% 7ste] o (rock wool, dag
wool)¥} 72 (insulation glass wool, continuous glass filament)
< group 2B (possible carcinogenic to humang)©fl 4 group 3 (not
dassfible as to carcinogenicity to humang) = A&7+ 2.1,
Wi shAll 2t Al froF S7re] Al (gpedid-purpose glass fibers)
of tstol= group BE w75 v Qo T 5712 FHE A
e T5713UN =, 37 Ahd 5 571984 3%
(aerodynamic behavior) 2} B2} % (Brownian motion)l| <]
gt Sk o] F ol gJste] Tl FAHH, $57] '
A9 AT AEH2 AT sFeHy AR AT 2
7], A9 ATl JES wrom, A YellA A2l Al
A BRI, 7|33} 7] A ol A €] A ol 3 A RA| o] o] &t
AN K853} 7 3 9 o A= maorophage] B2 ol 2]}
of =2 doJupAk, A2l Aol7}F 20um ©)/de] A-f-oll=
macrophage®] B4 482 ehdatA] ¢kom, 5 1] Al el
o ¢+ mecrophage®] 41 2183} 3HekA g3 ¢} of 3t 12 an
ARG O o] Fo A= A H|XE o] QR4
o] WH7] (retention half-time)= = 91 2 4214 3/ Th (IARC,
2002). Boilat (1999)°l] °Jatd A 5E2] AFUE Folst
AN dw7E HESs SHFs 18 & e AT A
A UE Folg T e A AT 7Y F
A, A, ek AT Ee] A SEAR I HEER
JNEFZATE AR Folgt #2438 235 AFdol

AJo] zjo] 7} LA ul, 2 Topinka 50| (2006) ¢ (RW1)©]
U 529 (MMVFI0)/S F34 2 & 8 ] 1mg 32 2mg
2712 U= &3] FU5 F 16577 PR Al g el F 1
3] 3 vl d 2mgE 453k 15 (T 8mg) I3+ 16 54
S A A Fe] Jebi, A1 EE] HellA MMVFIOS
Zolo] WA (mutant frequency)o] .5 SE oA 98
7F7F DAL, RWLS Ed o] WHAgo] 16 7 52t w122
A 07 frefstAl S7keblal 1 mg Folol A 2o
Z7HE B3It RWL MMVFL 58] 3548 et &
TS W ROl P AT § HE Fol oA fo
o)

3 165 RW1, MMVFI10 52 A8 54 & Fo 3k Ao 5=
9] ¥ X mecrophage®} 3] 243 N £ £ comet assy = 574 51 2

7} DNA 7}t ek (DNA strand breske) & Z71819] 0.1, A&
%5-9] BAL (broncho-dvedlar lavage) ) 4:9) 35712 745
Z}o] o)ahd 7 %S MMVFL0 Ktk RW1el 4] A ahAl v
EPtth 95 A FER S 2mg Foj 3 ol 8mgs:
FoI gk - k9] Apol= mlw] itk MMVFI0E A 85+ 2
oA okgt A5 Whg-& BAARE ZAHO] ¥ HolA|
Sl
2 AT AR B A S A EARE S

A 9 el dist E2 ghera el BAE A 5, Al
B2 Ry R st AdE
o] Al EEL] T A=
§v] 73} EDSS o]4-3te] ol e] A el A o] 2 s}st
A A3} S Bahe] g e AT S ksl th
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1. A2 % Py
1. AEEd

ANFELLE T el Ao FE51 Qe g B
T (KAH BT 8) S AbEstgl o, et 2 B A = A
o} wlA =0 Generd Soience Coperation (Tokyo, Japan)
o] A] 7918} UICC (Intemationd Union againgt Cancar) Al &<
Ag-3kSiT

A& st A ZA

A5+ Seka (19912 A A2 o] whet Al s S H)
AAPE R A7 Fpo], S7 100mi7E 59 Sl eyl
1mg A 91,2 A7k EoF 28914 7] (SWEEPZONE,
Quantrex S280) = 42171 3, polycarbonate membrane filter
(Millipore GTTP 02500, nudeporefilter, pore 5ze 0.2 ¢m , diameter
25 mn)°l| 5?1 o stk A HEE AXET T Ay
=27] (EMITECH, K%0)5 AH-g-8F¢] §hAuhe: §138] 4L, 1
ZE| = carbon coated nickel grid (SP| 2020N, diameter 3 mm, 200
mesh) 9] ¢l| <& 2% 11 chloroform vepor - ©]-8-5101 12 A7 &
kg3l A=A Z T

N
o Jm
ox
S
1%

2) T,‘:_L/H lﬂol-lﬂ‘j

A ¥ grid= EDS (Energy Dispersive X-ray Spectrometer,
HORIBA, 7009H)7} #2-% F3}4 2431 1) 7 (HITACHI H-
TIO0RA) S AR& 3ol A asiek. FahaAv] Al 74
U 100 kv QAT 7 Al R FapdAe) g o= At
A0 2 315 F 10000 ~ 5,000 u} &l 4] Qo]sf 479 v
o] 310] {= 1070 o] AfrE = st A



ANAE=E 5B AA FAl5= (Specific Pathogen Free,
SPF)3! Sprague-Dawley (SD) Rats =71 7 %2 -9 3k
barier sysem?] FEA oA 14 A7F = 3A1 7 - A7skar it
& 58 FES NI EEE ARSI A SRS A5
& ARER sto] T R AFUAT H A48 HEF 5
o, thz= (6 vFe] x L7H), WA s ol (B vhe] x4 7H),
A Fol T (67 x470E) SO 2 AT

FTEASAS 22 213 T, AriE i 50120 %, $7]3]
T 13~18 Sl/hr, ZYAITE R AITH(QA 9Al ~ 5 9A) Ul
212 150 ~ 300 Lux 2 A7 9 om), Afg= AR Hatd
NS TEE TALR (Labdiet S002PMI)E 9] 3ko] A5
A AFAAZT 2 Ao} 7] 9 Zpe] & o] &-ato] of
T a5 ATETE AR AN BE e
A AN E717E 52k A AolA o & whg ] F8-315i) A
7N AR ARl = Al E Y FERSE 7]9] )
A2 2 F9iT.

3. F0{Z =2 U Fofdhy

AP FES Ketamin (reHa) o2 vk 8 3, Al =4
& A7) oA 2719, 121 ° C& 157 319} 57 st
A2 5 vhe] g 2ngl03nl insdine SR A 8559 7)
T2 $=9] (intratracheal indtillation) 3} T} (Bellmann &
Muhle, 1997).
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6. H| fiber &4

10% A E2nkd o] AN 9% o 2242 37] Fo
A AZAIZ F AZ7) A sk A=A T ) A
£ St o A 23|32 (Low Temperature Plasma Asher,
Yamao, Jpan)°l| A4S FwatdA 2wt 3]3tAI 7T 3
s}l #H 24 Fiber free ¢l 3 °1 nucleopore filter
(Millipore GTTP 02500, nuclepore filter, pore Sze 0.2 ym, diameter
25mm)°ll o] Zatal, B & A F sk ¢ 2155271 (EMITECH,
K9B0)E AH-g-she] ¥hadha 43811, 71 FH & carbon coded
nickel grid (SP 2020N, diameter 3 mm, 200 mesh) ] of] &2 11
chloroform vaporE- ©]-§-ato 12 A7k F<F &3l 2 AFA|A
Vs F fiber S SIS A RE ARSI A 8 F
o AEEAS FYs] A A= T I 2
2702 B3 43} EDSE o] g-3lo] AJFEA S
Foot &3 YA}, 7 YAk 14 YA, B UAF 5 AR A EPEE
TS A= 9% #H A FelA 72 10 74 0]
fiberS- 417 ato] 2} fibere] 7] 9} 35 H-A1 53Tk

7. SAXE

9 FA Wshs test® F-9AS Ao, AlF w3l
7 1 fiber?] EDS ¥4 A3t Aol A4 (oneway
ANOVA)E o] &3ato] TASA fo4& HAEA 1L,
Dunnett "o v Dumn ¥ 0.2 Al &2 Foli 1ke] &7
A o0& ATl o 799 ()2 p<0.059} p<0.01
oA Atk RE A A 2 A5 s P 15

A2 BRI T



. ’AxxAn tET 6 vk of AH o] AT 6 v, e ol A1d
i 6rte]e] theto] AlE e 7o F 15U AR AT
1. NE2E EAMEN A3E ST Ao vz, o ol M FoiT &

S ol el A frol g ks GlSltt (figure D).

T ) 43t EDSE o] §-5tof Al EH o] S A
HH 3 AATAEE ST b (B A7 26 m)]
B AL WA (Bt 47 008 m) ol w]sted oF 100u) 7
e Bk Holom, ol (Aol 259 m)] FHA 0
o= WA (Bt o] 55 m)el Hlko] o 5l Y= 71 P
E Hoth iy WA U Mg 4 5807 %, S
4050 %, Fe 143 % © = LERE o1, i Mg 521 %, Al o |
16.26%, S 4177 %, Ca22.20 %, Fe9.63% 1] 12 Na3.00%, K rEp—
171 %, Ti 0.79 % 5-2] v|Z- 27} YERT) ool = o w00 | U Ciigee
Ao S EA e Al Catk Na K, Ti 5-9] &4
7h upers o, WAl = Mg o] b 39t ont o o T
el A= S A o] 71 37 ekt (bl ). et

o e Figure 1. Body weight change of SD male rats after
2. ¥z Hat instillation.

500 4

400 +

Body weight (g)

Table 1. Characteristics of chrysotile and rock wool fibers.
Material(Magnification)

BElement Composition(Atomic %)

Mg 5807 + 0823
S 4050 + 0915

Fe143 £ 0126
Chrysotile

(X10,000)

‘ o D=0.03 £ 0.023 im
oA W L=55+526/m

. ‘," P
ageed ™ 10aKY

Mg5.21 £ 1.108
Al 1626 + 1452
S41.77 £ 2959
Ca2220 = 3826
Fe9.63 = 1973
Na3.00 + 1.106

K 171 £ 0451
" f:.a.t'i.:ae_-a.-. Ti0.79 £ 0158
) D=260 * 2191 m
L=2593 = 15295 m

Rock woal

(X5,000)




3. EeldAt Aol Zt Al M2 6 vk AldeEs St 985 b
24 & d3sto] FemAow o 245 A2 A3t

1) 7 LA w5} (figure 3, 4), WA Fol & fFof 3UAe] A 8155 6 7}

t 6ot ok A ol §-28 YA AT 6 v, T 4vte] el A SRS (granuloma)= Kol 7] A 4sto] o
ol F284AHAA T 6 vt o] hsto] 7 FAE SR A 7 A7 ol B A H Fof oA dgnkeo] UERLe
3}, thztol] Hlsho] WAl Fol, gl FoIT T R A o] § 28 AAHA Azho] ekl ke AT ubg =
HEA FolelA A 7 FA9 F2I3 S71 (p00)E oS4 eFkont, o FolTel A= Fof 3 UatlA AlY
B ow, gl thet V1AL vER AL gy o FE 6k F3nE), Fol 7 AR A AR FE 61| T2
FACNAME WA Fof e Bl nlste] fojg St he] o A LpERt o AlRto] AatataeE dgike 2o
(p<O0DE B ot §hl fFof ol A= o] 3k 37} Q%) F01 14 QA lM = 6] T Lrke] ARt AEnkeS B3
T (table2). o] o] 28 YAl = Al EEE 6 vhe] B ATHgol

LEFLFA] Skt (teble 3). w2224 o] A3k 18 s}7] St

2 S<4At ©] Masson'strichrome ¢4 st &m0 2 et A

NFEA Fol] $28Y S REATTE oot ¢ Thol| A= WA 7o 528 U] A Ps= 6vte] T 6 vt
A A3 Aol 3 ST GRS BEHA &g A 7he A (dight fibrogg) S #H ek 4= Q1o o,
om, Alg e Fol §- 28] AP EES B skl BE A FoAT M = A frTE B2 5 )5 (figure2).
8710l el E<k AL Aol Al = ol A7 58T T
&2 WA i, 4. H =X d7d HAb

3) =4 e At 1) Fiber 1= 5L Bl 24

ot 6k of AW ol § 39U 7 YAk 1491 28 WA (B 273 003 m, B o] 55 m)3t o (B

2174 26 1m, B+ Z20] 2593 im)= 3+ vk 2 mg/0.3ml in

Table 2. Lung weight of SD male rats of 28days after instillation.

Absolutelung weight Rdativelungweight
(unit: mg) (unit: %)
Left 5433+39.35 0.122+0.007
Corntrol .
Right 1011.8+51.21 0.243+0.012
. Left 617.7+3273* 0.1400.008**
ile .
Chry Right 12307+ 12053 0279+ 0027
+ % + *%
Rock Wodl L.e‘t 54951+37.95 10352 78.71
Right 0.127£0.007 0.238+0.011

All values are expressed as mean = SD
Significant differences as compared with control : ** p < 0.01

Table 3. Histopathological finding of lungs of SD male rats of 28 days after instillation

Control Chrysotile Rock woal
granuloma fibrogs granuloma fibrogs granuloma fibrogs
3day - 4f6*** 3l6*
7day - 6/6+** 2/6+*
14 day - 6/6+** /6
28 day - 6/6+** 6/6# o/6*

w%x [ granuloma +++, ** . granuloma ++, * : granuloma +, # : slight fibrosis
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O.

cotrol (28 days)

chrysolile (28 days)

Rock wool (28 days)

Figure 2. Histopathology of the lung of SD male rats instilled chrysotile and rock wool. chrysotile ; (%)
granuloma and slight fibrosis (Masson' trichrome, x 100, SD rat).
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Chrysoile (14 day9

Figure 3. Granuloma and slight fibrosis (*) of the lung

staining (X 100)

dine =2 AP EY 7S U2 FYst 3%, 7Y, 14
o, 28 Fofl skl 2 T2 o WO AR5 T
Fn) 7o B3 A} (figues), A D EE 7 1 13 F A
PEA FEE g Fof & 3 UAte] 0069272 % 10° fibers, 7
2 a}o] 0056558 10 fibers, 14 U 2ol] 0.046249 < 10° fibers=.
Tdhs A8E 1Y om, 28 Ajol| = 0020444 10° fibers
2 50% o] HaE KA (tbled). ¥ 224 o] ¢hue]
A7 1ym o]l M-8 5ym o) THFsAl s 3kar 313
o] RS A FEEY ¥ W2 Fo3 57 dA} 0] 5 A
5m oo B Fol b A4S Hlom 28 Al
A7 5m o] EAETF0%E Bk 7 24 o] g <]
o] 12 10 m o] Sef| A 48] 50m o/ TheFsA L E3kaL S

Chrysoile (28 days)

of SD male rats after chrysotile instillation. H&E

o Agez ] o Y2 Foie 57U A} 0] F-50m o]
O B Fo|Te AW Helon 28 Yoz 4ol 50
im O)Fe] LE7F0%E BT (tebled). A H-E=of Fo
HOaEE S 2 ols AR 9 el At
Woko ), Al g o o WA o] 273t o= wAH
= ANBEEY W W2 7ol & F Alte] Aateto e F3
g Aol & HofA = GIStT (tebled)

291 fber €14 24

2R AZF 308 AA T E vl iLe] st
NHEAS A BEEE) 7|2 13 Folsta Fof 739
A, 73, 14 27, 28 Aol AUEES el NP E
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Rock wool (3day9)

Rook wool (14 days)

Rook wool (28 days)

Figure 4. Granuloma (*) of the lung of SD male rats after rock wool instillation. H&E staining (X 100)

AR # el Mo AidEde vgE A
EDSE o]-g-sto] #43 A, AP 5= 7SR uAH
= Fofet7] Ao WA el 7488 Mg g 5807 %, §
A 4050%, Fe143% © 2 el o, SRS 7|Fo 7
A PFEC] g el A o] WA o] 74 U wishs A
Fo] 37 A3} (S 4921 %)H-E] 14 A2} (S 4632 %), 28 A3}
(S 47.82%) & A7+ 7 el whe} AT Fof Ao v]sto]
o3 W3S w.9loH (tle 10, p<0.05), AT EE 7% )&
S Fofahr] A9 o FAIAES Mg 521 %, Al 16.26
%, S 41.77 %, Ca22.20 %, Fe 9.63 % 1] 1. Na300 %, K 1.71
%, Ti 0.79% 52| m|Zd a7t e o, S A& 71+2
EADFEY] H el A GH ] I gl dd T
o] & 3 U} (7059 %)-E] 7 A} (S 6234 %), 14 LA} (S

65.17 %), 28 U=} (S 78.96 %) 5 A7+ A Tl wje} obd Fof
o] Hlalo] f-2) 5k 3} (teble 10, p<0.05)Z B.o] Y o] A
A W AL A HEhs A E ) A7 0 7 wE S
1 31T} (p<0.05)

M=

V. 22 Y 2%

S AR el S SRR AT 7], 3 =
A, AT, ® AL, AFELS AE
EEof Fold uj= H oA (maximum tolerated dose,
MTD) %3} f- ol e} Al AEo] th27] wiitel] Hof Wi/d
T 28] GEE Fojsto]ofglt) (Tandka &, 2001).
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Aol FHE Ak e 357] 54 5 AW 7)1

Days chrysatilex10,000 rock woal x5,000

3days

7days

14 days

28days

Figure 5. STEM image of fibers in the lung of SD male rats after instillation.

Table 4. Fibers concentration and distribution from lung of SD male rats instilled rock wool.

Concentration diameter (m) length (1m)
X 106 fibers
Igof d(ry lung)Sampleno. <10 1050 >50 <10 1050 >50
3days 0.059272 3% 64% 33% 3% 61% 36%
7days 0.056558 28% 2% 44% 56%
14 days 0.046249 Y% 50% 41% 5% 64% 31%

28days 0.020444 10% 80% 10% 70% 3%
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Table 5. Fibers distribution from lung of SD male rats instilled chrysotile.

diameter (1m) length (1m)
3days 00257 + 00120 21733 = 19004
7days 00276 = 00141 19867 = 1.6228
14 days 00249 + 00125 24469 £ 20309
28days 00265 + 00135 26587 + 25611

Table 6. Change of Si atomic % from lung of SD rats instilled fibers.

diameter () length (sm)
Before 4050 + 0915 4177 = 2959
3days 4247 + 2.207 7059 £ 19561*
7days 4921 + 3710* 62.34 = 21517
14 days 46.32 + 2.776* 6517 = 21.307*
28days 4782 + 3150¢ 7896 + 22506*

All values are expressed as mean £ SD
Significant differences as compared with control : *p < 0.05

Aol A= Bellmannz} Muhle (1997)2] AT of whet A]
e A HEZ 2 ngE 03 ml sdineol] 341810 712
= T3tk IARC (002)°] 2J3hd, 3571 i A2 A
ANTA L A ol 53t AA 5 24 AARG 2} 5}
8- g3, o3}, 20 5 E8lgerd ggel sl A%
531, Ao dolef| whet AAE = el o2, 3 A
1= maorophagest] 2Jsto] Els] ghal | w A 317 o
A 3184 galj gl ol ahel] Slate] Al AR A %71 Al o] 5
of|+= macrophagee]] 2]3te] $HA13] BHA | #] ok o pHef 1}
2} 184 &8 9} o] 37 A el & A Hk Hof 1 <
ZFed e a9 doleol wat macrophagee]] 2J3ke] ¢
A3) B2 ALY BEA 0 7 g w7 ¥, Beh g g
219 Aol e et A% AE0] o fra 52 o Al
X9 A& s HH, T EEolA 2452 A5
Ak S0k i BEA S 7 A Y, G
o ZZ 5o Yehte 71g 523 S48 w9 F9 9] A4
A WA, AR3l MES Ao, =S o] §3 B8
Al el A} 3 Ui €] Al (Ho] 20 gm 0]/d) ] AT ]
Afakel S 5ok 5o WA (pathogenidty) 2} A2k
7} At} (IARC, 2002). Hofl 4% AfdE5de Hx
macrophage?] 242 125}, 5| X macrophages) 41 A A
+= TNF (tumer necrodis factor), IL-1 (interleukin1) 53} 22 A}
o7} (cytoking)s 131, o] 8t Afo] EFFQ1L- Tk
s 7ot ZEE QoA (proteinese) HAE 3=
o] 7 W& 9 27] 7 Fth (Morimoto £} Taneka, 2001).
IARC (2002)°] 2]3} S 7|7 SRl o s E2dlh A

ahd Ao 29 U shal ek A (refractory ceramic fibres
RCP)= @ A3 A5, 3§ 5ol veptod, 94
(dag wool, MMVF2)ell 28 ol A= A5HH-S LEt
o HEY, T9E > UEREA ekstoH, b (done
wodl, MMVF21)ol] &2 ¥ B ol M &= 1] 4 3k 94 f-3H= o}
B oy W€, 9% 58 e 4kt olest 4
Az Ao Folu 7] a2 Y dvte]l Ao H4e
A s Qa7kofu ek Ao 1 Eested] SR 5
Q% @ AE A Ak uf QlTh

Kamstrup 5 (2004)°] 44 (high-auminium low-silicaHT type
stone wool)S = (Mae Wistar rats)ef] 150 long fibres/ml
(length>20 ym)E 3ol 6 A7t 75 <, 370€ 5 &4
(noseonly inhddion) %2 A7) 1F 3 15 70¥ 3, 370 €
F3le) Mtsh o) %o M 4%E B7he Aae) ok, &
71570 F AT o FA= F e 57 Yoy
%2 3709 F AF2Y A PANAE §8 S g
7, %2 3709 F AFel 3 9] 71 A5 (egho
) 1~7 % ZAskith 3 /Y 42 F8 A%, 2 TA
15708 F, %2 54 348 Fol 52 o 259 o
&R BRAANE AR AFFEANA A%
mecrophege 1 o]t ] A3 SobEol 47|14 AL 4T
o Wbk O up Al fr A & LFEREA] ESke), R ol =t



O Z AM-SMMVR2L A ol e 3 £ 8 Fof el
o o] 43k A6 (minimd interstitid fibrogge] 2 8 3
15714, £52 5 F 3/gdA = A3 290
Porter 5 (2004)0l] <J8ld o] & o] o FZof 3= o
ZA4 ol A5AES] F-9 3 F-F, collagen 52 TO.% 7
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