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ABSTRACT

Objectives: To assess the hazard of Korea chrysotile and anthophylite, fibers were analyzed for their physicochemical
properties by transmission electron microscope equipped with energy dispersive X-ray spectrometer (TEM-EDS).

Methods: To evaluate the biopersistence of 2 domestic asbestos, Sprague-Dawely rats were exposed to 2 mg asbestos by
intratracheal instillation. Each asbestos (chrysotile ; 8,814,244 x 10° fibers/mg, average size 0.08 pm x 4.39 pm,
anthophyllite ; 5,182 x 10° fibers/mg, average size 0.95 um x 7.29 um) were evaluated after a single intratracheal
instillation. At times from 1 week to 4 weeks after exposure, the numbers of asbestos fivers in the bronchoalveolar lavage

fluid and in the lung were calculated.

Results: Anthophyllite fivers continuously have retained for 4 weeks but chrysotile fivers were rarely found at 4 weeks after
exposure in the bronchoalveolar lavage fluid. Chrysotile fivers at 4 weeks after treatment were not observed but
anthophyllite was easily observed in the lung with phase contrast microscopy. According to electron microscopic
observation of asbestos in the lung, within 1 week after the administration of chrysotile fivers were decreased rapidly but
anthophyllite fivers were very little change for 4 weeks. When chrysotile fivers have been lost Fe in 1 week, there were no

significant changes in anthophyllite fivers in the lung.

Conclusions: These findings indicate that after a long time exposure to chrysotile, asbestos bodies can not be found in the

bronchoalveolar lavage fluid.

Key words : chrysotile, anthophyllite, intratracheal instillation, transmission electron microscope
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mission electron microscope.
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EDS7} Rzt B dxdn| g o2 J&st Ayt
A EE2-2 w4 W (chrysotile) Tt ¢t 4 @}o] E (anthop-

hyllite)2 TEon oFxHalo] E(0.95 ym x
7.29 pm)7} WA (0.08 pm x 4.39 pm)of v]5}lo] H
A 128 A il Fdol= 1.8 = 1
4 §-A}o] Q) th(Fig. 1, Table 1).
WAHO Ha4es 8,814,244 x 106 fibers/mg =
orAFElo]E O 84 5,182 x 106 fibers/mgo] H]
ko 1,7000) 78 = ‘E%‘ik&ﬂ%, H A S Zo]7F S um
o]0l 40% o, dadetolE= Aol7t 5 um
o] Ako] 60% %3 Th(Table 2).
A4 4 vlE2 WA %Mg(57 51%),
Si(47.57%), Fe(0.93%)0] 1L, <F
(39.34%), Si(57.06%), Fe(3.59%) =

e

L EFRSE E}(Table 1).

2. 7| BtX|H 2= MIFHH LY A™ 2HE
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2 NPT S 7B E A
Giemsa @ 4}3ko] 4004 &9] 9144 3H@v] 4 0= 73
3t Z(rig. 2), AW Fol 2o A PR Kol F 1
Faa 27 Pl HAAA L NS BREGO
U 4% 20| A THe] 417 rsteh haBetolE

o o
I-
it

Table 1. Fibers size and element composition of domestic as-
bestos.

diameter (um)Element Composition (Atomic %)
x length (um) Mg Si Fe

Chrysotile  (0.08+0.07)
N=20 x(4.39+3.61) 57.51+0.86 41.57+0.85 0.93+0.19

Anthophyllite (0.95+1.06)
N=20  x(729+531) 3034142 57065175 3.50+1.47

All values are expressed as mean+SD

Table 2. Fibers numbers (fibers/mg) and size distribution of dome-
stic asbestos.

Fibers numbers diameter (um) length (um)
(x10° fibers/mg) <025 =025 =1  >5

tageholES =jstetz] S 5714 W ¥E AT 227
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ST1%) A= wrafet 2719 WA o] s gle
U 4Follds ARE 2717 ol gl ekaget
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Table 3. Fibers concentration (fibers/mL, %) from bronchoa-
lveolar lavage fluid of SD male rats instilled asbestos
with transmission electron microscopy.

Time Chrysotile Anthophyllite

point (x10° fibers/mL) (x10° fibers/mL)
(Weeks)  sum <5 pm =5 pm Sum <5 pm =5 pm

472 118 354 708 236 472
(100%) (25%) (75%) (100%) (33.3%) (66.7%)

1

Chrysotile 826 354 472 472 472

N=20 8,814,244 95% 5%  60%  40% 2 (100%) (42.9%) (57.1%) (100%) (100%)
Anthophyllite ] ] ns 118

hophy 5,182 30%  70%  40%  60% 4 (100%) (100%)
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Time point

(Weeks) Chrysotile Anthophyllite

Fig. 2. Asbestos body in bronchoalveolar lavage fluid of SD male rats instilled asbestos. Giemsa staining, X 400, phase contrast
microscopy.
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Time point
(Weeks)

Chrysotile

Anthophyllite

il

Fig. 3. Bronchoalveolar lavage fluid of SD male rats instilled asbestos. X 10,000 transmission electron microscopy.
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Chrysotile (1W) Anthophyllite (1W)

Anthophyllite-1W I8

Fig. 4-1. After 1 week asbestos body in the lung of SD male rats instilled asbestos. (H&E, x 400, phase contrast microscopy).

Chrysotile (2W) Anthophyllite (2W)

Anthophyllite-2W|

Fig. 4-2. After 2 weeks asbestos body in the lung of SD male rats instilled asbestos. (H&E, x 400, phase contrast microscopy).

Chrysotile (4W) Anthophyllite (4W)

Anthophyllite-aW

Fig. 4-3. After 4 weeks asbestos body in the lung of SD male rats instilled asbestos. Chrysotile ; No asbestos (H&E, x 400, phase contrast
microscopy).
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Fig. 5. Fibers in the lung of SD male rats after asbestos instillation. X 10,000 Transmission electron microscopy.
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Table 4. Fibers concentration (fibers/g of dry lung) from lung of SD male rats instilled asbestos.

Time point Chrysotile (x10° fibers/g)
(Weeks) Sum < lpm (L) <5 um (L) >5 pm (L)
1 22,340+6,110 5,810+1,540 13,490+3,580 3,040+1,080
2 36,020+11,000 3,830+1,240 25,970+8,390 6,220+1,820
4 42,610+10,130 5,640+1,350 26,290+6,290 10,680+3,040
Time point Anthophyllite (x10° fibers/g)
(Weeks) Sum < 1pm (L) <5 um (L) >5 um (L)
1 211.2+41.45 10.45+2.11 85.67+17.28 115.1+£22.70
2 217.7£31.21 12.75+1.68 102.0£13.46 102.9£16.54
4 174.1£32.28 6.91+1.46 103.6+21.97 63.6£10.26

All values are expressed as mean + SD
= length

Table 5. Length (um) and diameter (um) of fibers from lung of SD male rats instilled asbestos.

Time point Chrysotile Anthophyllite
(Weeks) length (um) diameter (um) length (um) diameter (um)
Before
N=20 4.39+3.61 0.08+0.07 7.29+5.31 0.95+1.06
1
N=20 3.69+6.09 0.14+0.16 7.68+8.70 0.96+1.19
2
N=20 4.51+4.71 0.07+0.04 6.60+6.38 0.84+0.96
4
N=20 4.66+4.96 0.06+0.02 5.11+4.97 0.61+0.61
All values are expressed as mean + SD
2) A A7) &4 V.1 zl
o 22 o] dolgl N BB 2|9 HES
HAF AT (Table 5), WA 7 Eo] B dolglls WA B A Sy AW FAolA e 8w
ol P dol= qu 153 3.69 pm, 253 4.51 Qtageto]EQ T E7]A oA o HetE val 3
pum, 45 4.66 um 5O & ol 5 A|zko] Ao 7FkY] §lste] HES VE Y2 YT S F
wheh u] 24o] ol Qi wAwo] Hgdols 4 A% F 5FIA | AWELL Mg A2 A
Slth. obhueto| = Bol F ool otadetele  THER RS AREUR ALGH BAWS o
o] H Aol o] & 155 7.68 um, 257 6.60 um,  LBeto]ER T FEFo] Zh A WA W mg T A
434 5.11 pm 5O 2 A|7to] AutE o ue) 3 = T 8,814,244 x 10° fibers &= oA EO|E mg
Ao Jorslis Qe eto E o] BAolE Holth,  Af 5182 x 10° fbers o] ¥]5to] FEF 4§t
w9} ok eto] 20 B A A Fof Aol u]  1,7008 %7} ggkeh
sho] M= Zhashe S B Bernstein 5(2003)0] SE=of Z<QIA17] FubchAk

NHEA £ 5 A @ EA 4R v & st
A TH(Table 6), WA Fo Lo A= Fo] &
Fe /J#o] grastol thefLba] o9t si
zto] Zagto] whet gHasti Mg RS
AL B o, tadeto|E Folio
Fo) 7k A3 u) & ek el ergheh

ol

¢
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WA H(>20 um)] BH77| = 1Y 2 Ve, QA
ol o) wAwe] i) 4 oA B AU
7 7} ] 91 CH(Churg®} Wright, 1994). ZH4] 4] 7] 4] &
# ol A 7kl vhal ¥ sisk g2o] wizkel
A okol Mol FYE 24 (200 fibers/em’)] H
7] 400 o] A}o] }l © m(Hesterberg 5, 1998),
A ol A A w7l e = A der deA
CH(Churg®} Wright, 1994). 1980 tjj of] =] Z 2]

ofd 30 o [‘..~
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Table 6. Change of atomic % from lung of SD rats instilled asbestos.

A3 ZF71A W sk AT 233

oL

Time point Chrysotile Anthophyllite

(Weeks) Si Mg Fe Si Mg Fe

}?\Ie:f‘z’f)e 41.57+0.85 57.5120.86 0.93+0.19 57.06+1.75 39.34+1.42 3.59+1.47

N:120 47.36+1.16 52.64+1.16 ND 56.78+1.31 39.94+1.58 3.28+1.47

N :220 45.15+1.28 54.85+1.28 ND 56.04+1.81 40.12+0.97 3.89+1.50

szo 44.55+3.06 55.45+3.06 ND 55.92+1.90 40.30+1.05 3.78+1.33
All values are expressed as mean + SD, ND; No detected
=3l A+ Aitol ot #H AlF-S5(lung fibro- A7F W E A e ol f = AN F o R =
sis)@} 2444 4 4] H (amphibole asbestos)T+= & FHH-g- Z]740] 0.25 pm B} F AFe F2E 4= glon)
BAZF AR = AR WA AL o G5 §Fu A O] 2172t FaE 0.25 pm Hoh AL, A B
S A 7L A=A &Sk th(Rogeli 5, 2010). & A+ AiE ZAAA dHAAEZ FA =, | W] 4k
oA AHED Fo & 9 24 Y i BstE & (acid) SA A ot Aol o7 wjEo|(Humeit
HHA AN G o2 Hzs A}, Aol E T Rimstidt, 1992) #H 22 Yol A w24 835 o] A
TR 11,7008 H = w2 Fo] {4 FojE W A7 A2 B ).
A Folzo dirre Alded 7o F 1Y 5 Roggli 5-(2010)0] 9|3} ¥ 232 Y2 So|7t 4
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H2 #|32 o A M| 32 9] 2h-g-of ofsto] A O] gF L
HhETg o] ob g FEjl AHAA 7F Hek A Sl
M T2 AFZERE Yol AdLA o] LA = A4,
A 718 =91 #H 2 Fxtolu thA A2 A& o]t
oal] A Z oA AR = gk 3 o A
Wtgol At Zhd Ae S J et v = e
dol =AINE, #H ol A &7 whE WA w2 A
H3 Aeet 5= #eAdo] Wrk(Rogeli 5, 2010).
Pooley 2} Ransome (1986)0] A H A A S H A5t A}
A A go] ety xRt W A o] e}
U= H]E(0.14%)2 A qdeh AwHae] HEol
S22 Yo REE 600718 AWAAE
Ao A & 98%7}F ZHid A o] ¢l o w4
o] A tH(Churg, 1982). AW 44| 9] 4= ¥
FHf, do], AH FE 5ol FFS W]
o] A9 420 =EH
Ae HolA &= gon
= k=t (Roggli 5, 2010).

3, QbAFefo] ERTE 1,7008] H = A
EL H {77 U o =
o] o= YA ENH o &2 7]
L ) 22 ol A wi A HZ Hh

= 2
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