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Analysis of Asbestos Fiber in Lungs by Transmission Electron Microscopy
According to the Digestion Method

Jeong Hee Han' - Young Hyun Chung - Jung Sun Yang

Occupational Safety and Health Research Institute(OSHRI),
Korea Occupational Safety and Health Agency(KOSHA)

ABSTRACT

Objectives: This study was designed to establish an accurate analytical method for asbestos in a biological sample for determining
occupational asbestos-related diseases and relief of the health effects of environmental asbestos.

Methods: Biological samples were obtained from lungs of rats following intratracheal instillation of asbestos(Chrysotile,
anthophyllite) and were prepared according to digestion method(Wet digestion, high temperature ashing, low temperature ashing).
The samples were then analyzed for asbestos fibers using a transmission electron microscope equipped with an energy dispersive
X-ray spectrometer.

Results: Low temperature plasma ashing removed more of the organic components and reduced fiber loss compared to the wet
digestion method, making specimens so prepared more suitable for transmission electron microsocpy.

Conclusions: The low temperature ashing technique is the most accurate method for analyzing asbestos in biological samples.

Key words : asbestos, lung tissue, digestion, TEM, EDX
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w e} ol it =AM E7}3] 2|(The Internal Expert
Meeting on Asbestos, Asbestosis, and Cancer)oj| 4] &t
2|3t 3 Al7|7]&(The Helsinki Criteria) U Q2] A
Ao de JA7IEs A= S8 29,
Y7712 FAHQ] BEAol tiste] HER
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AE & A geuz o] 7|E& A&st7]ode=
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#H o] AHdH, dol, sk Fol 93 7]

ool AR 4oF S HolA| got Hg
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AY|(Specific pathogen free, SPF)2] Sprague-Dawley(SD)
739 A ASE TUstel Agetat 4 SR
HHEE AR TUL ©3F F BT, A
Eoj, hado|E FolgoR sjof 2k 2 sule)
W welsto] ALSSHTh ARI7E B AL o8
2243C, AEE 50£20%, 27]3]14 12~153)/A17HA
SH7akAl, Weolzy] 21 124]7H08:00~20:00), 2%
150~300 Lux’} =A 3stgow, HALZ(Labdiet
5053, PMI, USA)2} 284 oJ1}7|(WFU-25, Sibata.,
Japan)Z o] g3to] of3h W Aol AR B A4E
A MAFES S B ATl AeEERe] HE
o gelxel HHe flstel HRUT A &
Q& Wk $(FHT  IACUC-11-7) 4o whet 4=

OEECEEE

2aE A9E
RN
instillation)& ©]-&
g Well 2 FeA & FAste] Hxs A5t

S tH(Brain et al., 1976).

2. MALSI0|E A2 M2
DAREZ

A& X Sakai et al.(1991)2] A& A A st
o] £t AldEES 5575 50 mLof| 1 mg & ¢
IAIZE o4 25 uta f4bekelch BAME 23S &
2|7} u] o] E ] B & 91 = B} (Nuclepore
membrane filter; pore size 0.22 um, diameter 25 mm,
Millipore #GTTP 02500)1] S-2loji}sle] AXSE 3 7
F%2}7](Vacuum evaporator, 950X EMITECH, UK)E
ol g o] Bavte ZAsith o] 2L Bave] 53
%l T12]=(Carbon coated grid; diameter 3 mm, 200 mesh,
EMS CF-200) $jof =11 S22 ZE Z7](Chloroform
vapor)& ©|-&sto] LEE &alste] A|AsHATE

polycarbonate
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25 70T o]ste] A2 YFaLoA] 4 1AZE 9]
A SAAN = Pl Yol FAx7](Freeze
dryer; FD 8505, Ilsinlab, Korea)o] @11 -80Col| A 24
AZE sAAZRS . 122 ARE Wl
o] Azx7|(Dry oven; DMC-122, Daeil, Korea) ©f &
o 60°CoA 24417t 7 zakeicy. 5| AzE AR
= 2AE 24% 5 Aslsl 1eos) 4Ly
02 Uxo 33819t A-23]|3HLow Temperature
plasma Ashing, LTA)&= S2AXYH A& #-23]3}
A} Z](Plasma reactor; PR-31, Yamato, Japan)o] o] &
2 40 W, 02 92k 50 mL/min©O.& 2447+ #<-3]3}
25}ty 11-23]3HHigh Temperature Ashing, HTA)
L 32AzxEH ABE 1233FZ(KL-600, Sibata.,
Japan)o] g o] 450 Coll Al 6417 31-23]3}A 2]} Tt
&2] A3 Wet Digestion, WD)= AZH A|RE ¢4
B e 9Fo]  XolYPAAMYE FE(Sodium
hypochlorite)E& 23 60C2] AZX7]| 1~-2A17F =
t}. 318kg Al& = 3,000 rpmof Al 3027 A4 E] 5t

o] FSdE WAL oA JAE| SFRFE 7]

Sk A 38 St et ARg
ZQIEAEA 2 SELE 28T} BAKE 5 Belrbn
Yol R BE S AHgStel outslelet. of e
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shan, 71 WEE thy shaupo] FaE s 9o

3. MEMS A
ACE

270 Az Be BT JIE
£ Hluwstr] flste] A2E e == EDX(EX-200,
Horiba, Japan)7} 2+l E 314 214 u] 7 (Transmission
Electron Microscope; TEM, H-7100FA, Hitachi,
Japan)& o] §5te] TABHATE TEM] 7H49e
100 kVE 31917 A RS Yu Aujes patete] £
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Figure 1. Evaluation of asbestos

5. 8AHNzE|

ARAEH B4, AAA RO AHiEA 5o Addy
L PH41 FEHANE FA|H 21, Sigma stat(Ver.
2.03, Systat software Inc., USA) SAZZ2IOPPoZ
viest BRHLE ol gato] $214S AHAT.

mZ& o

Al
I WAHE s 7] FEvE wekew 2 o
H(Bundle) JElE 7HA12L AU ch(Figure 2). AHA]

9
AT WAHAHLE Mg(57.68%+0.57), Si(41.36%+0.54),
Fe(0.96%+0.22)2 385131 9low, 272 0.07+0.03
um, Aol 4.5543.02 m= LEFGTE ofof H|slo] ¢k
aFotolE wal 7l v Moo g3 A=
Mg(39.66%:+0.90), Si(56.64%+2.06), Fe(3.70%+1.55)
2 Uehgoen, A4 0.75 mt0.62, 2o 5.89 um
+1.740] Q) tHTable 1).

2 HZES| MT 2 MED}
W ARE BAS A3 Augas A 3R
a4 glolow, Auads AE5717 o2t
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A. Chrysotile(x 5 000) B. Anthophyllite(x 5,000)

Figure 2. TEM image of test material

B olgolel AT Az ] A4S
48 BASH=T Walvh Hgon, 1
SSe H5el 2o Wol Aol fol £

Table 1. Characteristics of test material

o vlal Aessye v v

o] Zata AwAgel waies) FEsigch 4
BUSEEE BT A ALY, G,

°2 BEs} &7 Yegon], S5 2

o175 um oJAFQl A4 o] Zpolz} A the
Seh(Table 3). AmAge] 271 waAmo] v
wae) Ae nes|MAA A 2717t Bols
Ao, Aesishiel Ae /g A7 Wsieiort
(Table 4). Pazdu|e] WstE BA3 AujolAs
24w ula) golst WEE wely WAl
A% M7t 24slat sizh Z7kslaen, ekamatol

Test material Element Composition

Size(ym, Mean+S.D.) Aspect ratio

(Atomic %, MeantS.D.) Diameter Length (Mean£S.D)
Mg 57.68+0.57

Chrysotile Si 41.36+0.54 0.07+0.03 4.55+3.02 80.63+58.83
Fe 0.96+0.22
Mg 39.66+0.90

Anthophyllite Si 56.64+2.06 0.75£0.62 5.89+1.74 20.36+25.25
Fe 3.70+1.55

Table 2. Comparison of asbestos fiber image in lung according to digestion method

Digestion method Chrysotile(x10,000)

Anthophyllite(x5,000)

By

WD
- TR
HTA
LTA
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Table 3. Comparison of asbestos concentrations in lung by fiber size according to digestion method

ol

|at2rdolf wHE = LH

7o FopHAt

=

Fiber Concentration(x 10° fibers/g, Mean+S.D.)

Digestion method Size Chrysotile Anthophyllite
Total 8,814,244 5,182
(ravfom“;‘:rial) <5m 5,288,546 2,073
> 5 m 3,525,698 3,109
Total 29,968 + 4,359 117.22 + 34.62
WD <5 um 24,151 + 2,968 61.56 + 15.97
> 5 m 5817 + 1,865 55.66 + 18.96
Total 22,460 + 7,403 105.06 + 25.32
HTA <5 m 19,480 + 6,140 101.53 + 2249
> 5 /m 2,979 + 1,406 56.06 + 4.27
Total 32,065 + 6,376 133.51 + 51.08
LTA <5 m 23,726 + 6,194 60.92 + 2426
> 5 m 8,338 + 205 72.59 + 27.83
Table 4. Size of asbestos fiber in lung according to digestion method
Digestion method Dimension - Fiber size(im, Mean-S.D.) -
Chrysotile Anthophyllite
Control Diameter 0.07 + 0.03 075 + 0.62
(raw material) Length 455 + 3.02 589 + 1.74
WD Diameter 0.06 + 0.05 0.81 + 1.05
Length 459 + 528 6.39 + 5.65
HTA Diameter 0.07 + 0.04 0.60 + 0.63
Length 3.56 + 4.57 476 + 4.34
N Diameter 0.06 + 0.02 0.85 + 0.95
Length 4.63 + 431 6.99 + 552

Table 5. Elemental composition of asbestos fiber in lung according to digestion method

Element composition(Atomic %, Mean+S.D.)

Digesti thod Element

1gestion metho emen Chrysotile Anthophyllite

Mg 5768 + 057 3966 = 0.90

Control. Si 4136 + 0.54 56.64 + 2.06
(raw material)

Fe 096 = 022 370 + 1.55

Mg 5390 + 0.80° 3562 + 246

WD Si 46.10 + 0.80" 5544 + 3.55

Fe <0.01 894 = 391

Mg 5175 + 0.80° 33.50 + 2.947

HTA Si 4825 + 0.80 59.02 + 4.65

Fe <0.01 747 + 2.90

Mg 5559 + 295 37.98 + 1.80"

LTA Si 4441 + 295 5631 + 2.18

Fe <0.01 571 + 195

:: Significant differences as compared with control(p<0.05)
: Significant differences as compared with control(p<0.01)

EL Mgrl 4stn Fert Z7bshein] S8 1
S|sHolA 7P WS wkew A28k o A
1 tH(Table 5).

by Wbt A
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Table 6. Analytical reproducibility of asbestos fiber concentration in lung according to digestion method

Fiber Concentration(x 10° fibers/g)

Digestion method

Sample 1 Sample 2 Sample 3 Mean + S.D.
WD 11.81 15.44 13.90 13.72 + 1.82
HTA 1.21 1.16 0.88 1.08 + 0.18
LTA 23.23 38.62 46.83 3623 + 11.98
2 HluA AQ@go] Ao ofof vls #2333 (79 FH, 5=, 270, A& AA, =5 7]
36.23+£11.9%2 UEPHTHES]: x1067] AfF47/71x 9 I eFolF Aupr|ghe] S Wt 53], w4
%2 1 g)(Table 6). H O ARe Z2AAA A Hlske] AW
(Biopersistence)©] ©Fslo] w|ofA] W] A|AEE=
v. o & AH2A 9 FEe T2 J%lal Azx2 Yol 9= 1
2P AA Ao & Hbgdtci(DeVuyst et al.,
A= A7 SRS YHES ARESH 1998). & Aol ARg-gt "1%4% Al =iAr A
BAShE mE Al2Ro] moA] whASH 2= Qi) T AXEvE THA AELAE BEe7] olg Y
stu| L A Ao 025 m EoF 2 8= s AHAF =& S AHFEE AL
o SIAEE v A H ARt AddRE Jgs] EE S, Kayser et al(1999)2 #2215 5443}
= gtk AdE Ags] 2457 fsiAe A4 238} A2 E sho] wlmEAt Ayf a2-9)s)
AR Agolvd RS +4T 4= = EDX7L ol FABeHHEY st SARE A
A2rg] AR HL ARgsloof stth(Roggli et al., A |l st SHARE ol FStdn
2010). E3h AF AL ALt B o fgh o = o]-&3t o At AL 75|
grele] At HaghE EAste] Bfoh= Aol Eoh 2% o] ATt Gylseth & Baunan(1981) #2241
oj#fgk il G2 AW ert B AdA el MRS U thefel A g 245t FAPAAA R o2 4
Ef=A] gRelstar g Agto] A w9 7f gk AaE vaste] WEsHGl=dl, F=0] 0.8 m <
5790l A=A F4E 4 Ark(Brochard et al., 1998). PE 2 AIsIHES Ao 490 Lalo] Lehdon,
AHEAA] Fodljof & 2ACRE= AR I3} a23]3t gl AL238 APE 3 AlmolA 1 A4
W, Aol 2719 WS & 4 Utk ml= o] BEo] AHFe Sk ¥ Frhal 33
HYUoA e F=HF ATKStanton & Wrench, =l HFAlAasto] Hls| A23|3pHoA 4] H= =
1972; Stanton et al., 1977; Pott, 1978; Stanton et al A Uepgcr sk a8y, AR R AL 3 0]
1981; Pott, 1987)0f &Jst¥l A9 do|7t S35 FA PR §7]15S SHSHA AASH ] diiZol
st Sa3t 840w, Zoj7t 8 ym o4, AREn A EAA R Agdsieh. A23]3t Alol=
o] 025 mm o3kl A&7} 7HA «@sitta 39l AHAFY] 28S FasfeliA f71ET AASHE
o} ESE 1980d ol #H =2 W FESHHQ At 5 AT, EY =S A Y 2E 2 A 3}t
Aol ofshH, #| 4df-5(Lung fibrosis)2t Z14d A 7| = Ao] Fasltt FgF Ao A23F Al A
A= ﬁ%i%h‘ﬂlﬂ AP = AARE WAL o A 2ol g Aat 4ol vluE Fho] 49
st S§ERRSEAZE A=A Aoth 244 A= E wol= Zo| Fasiria Azt
AW wamo| nsle] A=, Hof, otA=u]E o|e} Zro] #H| x| o] MHEA AT sljAS 9s|
T FEE 4 Qe ksl wra d#A Sl A ESE EAE, A A4 o gk A
(Churg et al., 1984). Wk ofy et HollA Adf-o] 2k R, A A
ARt AHAA = AY iR Al H < F= 849 ZBZHQ o} theFet Ayt
WellA e =t AHEAdT = 5549 =2y Zgko] B5F-Hh3-9] Zfol& g sfjof gt AW

http://iwww.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(4): 333-340



o FE7b e A Auo] o] Hgirks 2l
o S Azl Age] AL ohch w3 A
WEA ATt S4old Are] mEEA ohe
2T WA o] gtk wFolee 29
A Bokstolok geh. ARA RS AREAL )4
Holm] HEA 7| 22 ARl A Eofob
shul WAMPAS G4 BASHA st e 49
5 dEE AW Qe AnE AT Aol F
stk

22 Almel AAA eyl wE s
o Ay; a23)ohy, G4k, ALY &=
d

H]jT_

o= HUHRY st BA dergon, 279 ¢
azAH7E o4 QA Hakstdct. ol Axel
ol Afel 24 B G ol W A2 o)
shul, AessyoR Sstek ol 71 s
EAT 5 9ge o 5 Aotk B3 AHY 13
2 gl ARAS BAT Av SAsok T 13
s e Aeashio] uste] AAAe] T A
grol WAl Uehon), withe A slshEe @4
o golxA|uk J3He ATE BolFgleh B ATE
AR AL ol g3 HAMR By /WS 2
Yohi, BAPUE BEetsHev 7lojste] B 3
Wel Aol ofgt A L Aud wsize] 2
e SR V|EARE BEY 5 U9 ol
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