obefelz)A) A3 A42(20004 12%)
Korean J Prev Med 2000;33(4):477-483

SR8 ool dgel g, Bel g, Yok 497, AR w8 A SFFATLY

Objectives : To obtain reference values for the pulmonary asbestos
and non-asbestos fiber contents of residents in Korea and to compare
them with simitar results from Japan.

Methods : The autopsied lung specimens from 22 deceased people
(20 males and 2 females) in Pohang, without any known occupational
history of asbestos exposure, were analyzed for incidence of asbestos
and non-asbestos fibers by transmission electron microscopy with
energy dispersive X-ray analysis after using low temperature ashing
procedures.

Results : Chrysotile fiber (46.2%) was the major fiber type found in
the lungs of the subjects. The asbestos fiber concentrations found in
males and females were 0.09 x 10° fibers/(g of dry lungs) and 0.30 x
k 10° fibers/(g of dry lungs), respectively, showing a geometric mean

Asbestos and Non-Asbestos Fiber Content in Lungs of Autopsied Subjects in Pohang W
with no Known History of Occupational Asbestos Exposure
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Department of Preventive Medicine, Department of Pathology?, College of Medicine, Dongguk University
Environmental Health Department, Nagoya City Public Health Research Institute, Japan®
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concentration 0.09 x 10° fibers/(g of dry lung tissue), due to the
predominance of males in the sample. The non-asbestos fiber contents
in males and females were 4.61 x 10° fibers/(g of dry lungs) and 17.79
% 10° fibers/(g of dry lungs), respectively, with a geometric mean
concentration 5.21 x 10° fibers/(g of dry lung tissue).

Conclusions : Residents in Pohang had significantly lower levels of
both asbestos and non-asbestos fibers than urban residents in Korea.
Furthermore, Koreans had significantly lower levels of both asbestos
and non-asbestos fibers than Japanese.

Korean J Prev Med 2000;33(4):477-483
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Table 1. Demographic characteristics of the subjects
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Sex Age Occupation Number e 24 (amosite) 1271(30.8%), &
Male 38.6 (20-57) Production worker 7 H(tremolite) 77](17.9%) 2 % 7|4
Office worker 4 (actinolite) 271(5.1%)9] £0]3
Unemployed 4
Others 5
Female 52.0 (30-74) House wife 2 A A= 7 33 o] oEniE
Total 39.8 (20-74) 22
Table 2. Number and incidence of asbestos fiber by fiber type in the lung (22 cases).
Fiber Amphiboles
Chry* Total
type v Amo.! Tre.t Act! Cro.! Subtotal
No. of fibers 18 12 7 2 0 21 39
(%) (46.2) (30.8) 179 (CH)) 0.0 (53.8) (100.0)
No. of cases 14 2 5 2 0 7 22
(%) (63.6) ©.1) 22.7) .1 0.0) (31.8) (100.0)

*Chrysotile, ' Amosite, *Tremolite, !Actinolite, ! Crocidolite
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TG (79%)0) 717 Bol BAHYe. 4 199(864%), B¢ AN 143 4L 03x10° AQ vHY Mool ¥
o, ZANAARL A YollA] #2H Y o) (63.6%), A& 18(81.8%), ElEHEL 19 T YA9)A 7 DERZH 1g 9 4.61x10°
2 AT A4 T QAW TUE, B B864%)9 31]11101]*1 AL AT, L 177910 At A
T H S e $OR ol AW gl 25 E 49 2o Al AHe AW 49 FE BE Soa)
BTG, L ARSI, T A 25 15 F 009610 AR, of Ao BATHp<0.05). A=A 4
Aol FE HAA F 4R 2.1%9
2, A E F A9 20%9,
Table 3. Number and incidence of non-asbestos fiber by fiver type inthe lung (22 = 1%} A% 24 A 2 wjadw A
cases) e 59 2on, oy 288z A
Fiber type No. of fibers (%) No. of cases (%) BAG LAY g S 598 o)
Al+Si 993 (57.9) 22 (100.0) 7t BAE A gk},
P+Fe 398 (23.2) 21( 95.5) A Ae u]&?@ /g%_cq Zz]"], 7;}73,
Si 76 ( 44) 19( 86.4) A
P 76( 4.4) 14( 63.6) %H](@O]/Z\l%‘)t it 634‘ Z_:I-E]' t_‘l'-]/&“]U‘j
Fe 52(3.0) 18 ( 81.8) el Aol 718t (718 ZFHAY
3 i 48E 32 13 E gfg ©] 1.04[1.52) un, 27 0.05[1.62] un,
g +SI . . ‘_
Al 6( 04) 5(227) Hul= 19.87(1.58]0]ich. 244 A
P+Ca 5(03) 4(182) (amphibole) 4= W1]9) 7] 77
Fe 5(03) 1(¢ 4.5) 9 Tz WA A
Si+K 5(03) 1( 45) 3 AFHA ] 104920312 944 9 A
Ca 3(03) 1( 45) froll Hlgte] Zgtet vl Afe) & @
Si+Fe 3(0.3) 3(13.6) B = 7] O}Jq;;.[ﬂ 3 % ZH20) 7.17
Others* 7(04) 6(21.3)
[1.62]0]9 o™, vl W Ae f 284wy
— - ” lelglon, viAE 4 F5d )
*CR, Cu, FR, Min, P + K, SC, XX
Table 4. Geometric means of asbestos and non-asbestos fiber concentrations in the lung (unit: 106 fibers/g of dry lung)
Asbestos ]
Sex Number Non-asbestos Total fibers
Chrysatile Amphiboles Total
Male 20 0.06 0.06 0.09 461 4.71
(<0.04-0.23)* (<0.04-0.89) (<0.04-0.98) (0.53-23.31) (0.53-23.53)
Female 2 0.30 0.09 0.30 17.79 18.14
(0.17-0.54) (<0.09-<0.09) (0.17-0.54) (17.77-17.80) (17.98-18.31)
Total 22 0.06 0.06 0.09 521 533
(<0.04-0.54) (<0.04-0.89) (<0.04-0.98) (0.53-23.31) (0.53-23.53)
Mann-Whitney U 2.00 11.50 7.00 2.00 2.00
p-value (2-tailed) 0.04 0.33 0.14 0.4 0.04
*Range from munimum to maximum
Table 5. Geometric meas of pulmonary asbestos and non-asbestos fiber concentration by age group
Asbestos !
Age (yrs) Number Non-asbestos Total fibers
Chrysotile Amphiboles Total
below 30 5 0.03 0.05 0.06 2.55 2.62
(<0.04-0.12)* (<0.04-0.09) (<0.04-0.12) (1.26-12.58) (1.38-12.70)
30-39 7 0.07 0.07 0.13 5.69 584
(<0.04-0.54) (<0.04-0.89) (<0.04-0.98) 0.53-17.77) (0.53-18.31)
40-49 4 0.04 0.04 0.06 4.01 4.08
(<0.04-0.10) (<0.04-0.39) (<0.04-0.49) (2.20-9.55) (2.20-10.04)
above 50 6 0.13 0.07 0.15 10.19 10.31
(<0.06-0.23) (<0.06-0.14) {<0.06-0.28) (1.08-23.31) (1.08-23.53)
» value' 7.37 239 2.98 5.68 5.48
P-value 0.06 0.50 0.39 0.13 0.14

* Range from munimum to maximum

! Estimated by Kruskal-Wallis test
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Table 6. Length, diameter, and aspect ratio of pulmonary asbestos and non-asbestos fibers by fiber type

' i Length (ym) Diameter (um) Aspect ratio
Asbestos
Chrysotile 18 1.04[1.52) 0.05[1.62] ‘ 19.87 [1.58]
(0.60-2.50)* (0.02-0.15) (5.3-35.7)
. 3.77[1.96] 0.36 [1.79] 10.49 [2.03]
Amphiboles 21 (130-14.00) (0.10-1.10) (4.1-48.0)
2.08[2.36] 0.15[3.02] 14.08 [1.97]
Total 3 (0.60-1400) . (0.02-1.10) (4.148.0)
Non-asbestos
. 1.32[2.03] 0.17 [2.38) 7.59 [1.64]
Al+Si 993 (0.20-13.00) (0.03-3.50) : (3.0-60.0)
1.19{1.72] 0.17[1.89] 6.99[1.56]
P+Fe 3% (0.20-7.50) (0.04-1.70) (3.045.0)
Si 7% 1.89(2.18] 031[2.24] 6.02[1.62]
(0.40-12.00) (0.05-2.20) (3.0-36.7)
p 76 1.52[1.92] 0.25[1.90] 6.17 [1.52]
(0.50-9.50) (0.06-1.20) (3.3-24.3)
Fe 5 1.17[1.94] 0.21[2.22] 5.56 [1.47]
(0.30-5.00) (0.04-1.20) (3.2-16.7)
i 40 1.56[1.87] 0.23[1.84] 6.72 [1.42]
(0.60-4.50) (0.06-0.50) (3.5-13.3)
. 2.35[1.86] 0.34[1.80] 6.87 [1.35]
Mg +Si ? (0.70-6.00) (0.10-0.75) (4.4-12.0)
Al 6 0.86 [1.61] 0.16[1.49] 5.30[1.17]
(0.40-1.30) (0.08-0.25) 4.7-6.5)
1.50[1.70] 0.24 [1.57] 6.37 [1.41]
P+Ca > (1.00-3.50) (0.12-0.40) 4.0-8.8)
Fe 5 1.17[1.57 0.18 [1.60] 6.56 [1.46]
(0.60-1.80) (0.10-0.30) (4.5-12.5)
Si+K 5 1.96 [1.24] 0.39[1.46] 5.09(1.34]
(1.50-2.70) (0.25-0.70) 3.9-8.0)
Ca 3 0.96 [1.42] 0.11[1.83] 8.4912.18]
(0.70-1.40) (0.06-0.20) (3.5-15.0)
. 2.19[1.54] 0.33[1.95] 6.69 [1.43]
Si+Fe 3 (1.50-3.50) (0.20-0.70) (5.0-10.0)
2.4212.96] 0.36 [3.25] 6.70[1.46]
Others ! (0.90-15.00) 0.10-2.70) @.0-125)
1.33[1.97] 0.19[2.24] 7.17[1.62]
Total 1714 (0.20-15.00) (0.03-3.50) (3.0-60.0)
* geometric-mean; ' geometric standard deviation
' range from minimum to maximum
= 5.097¢ 8492 ]3] ofStA] @Stk A ARE Ago] AR foekA ARAS 7wt
SRR 2ol B2 5 A8, Bel 0 m o] 4012005 5 m o4 Fo| 1] UhpeD05). P 4 L 1L Aol b
TETHZG AU AR S BT 21 0l o) wisle] wnlg} folakA b 2¥S Bmal 7 JAH oAR &
o] 205% ek WAH Mo A% W s Sl3A AR 7 BeAthp<0.05).
F8 2.9 mETH Z9kom 1.0 mech & A2 T, 3hm) NEAY Foig T AW wE2HE wEE o2 Ao A
= AE B 0T ARRen, 24444 39 Fuld tale] Yo FYF R £x9 AFA) AT AZ u)
A e B2 Lom o Aded A Fulg wh, 247162 Algete] B sle] AuAg St Bo
30m olde] B4 BF 2AH4AY 4342 ning 2ok T 89 g,
A e diRE 27%0] 0.1 mx Auid fd AgEe Rl ge . 11 &
o #ota, Aozt FIKIHA WHlZE 5 AL Aua) gEd Mg g g
b A%e wRlod BANCR & o MW nmEHSuEE AT YA D AUe Aung oo dg 24%
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Table 7. Distributions of number, concentration, diameter and aspect ratio of pulmonary asbestos fiber by length of fiber

Class of length (um)

Type
<1.0 1.0-2.9 3.0-4.9 50< F-value
Number
Chrysotile 9 9
Amphiboles - 8 5 8
Total 9 17 5 8
Concentration(10° fibers/g of dry lung)
Chrysotile
AM*[ASD]" 0.11 [0.55] 0.11 [0.06]
Range 0.02-0.15) (0.04-0.12) - -
Amphiboles
AM[ASD] - 0.05 [0.03] 0.08 [0.05] 0.08 [0.04]
Range (0.10-0.60) (025-1.10) (0.25-0.60)
Total
AM [ASD] 0.11 [0.05] 0.08 [0.06] 0.08 [0.03] 0.08 [0.05]
Range (0.02-015) (0.04-0.60) (0.25-1.10) (0.25-0.60)
Diameter(um)
Chrysotile
GM'[GSD} 0.04 [1.74] 0.06 [1.36]
Range (0.02-0.15) (0.04-0.12) - - 541"
Amphiboles
GM [GSD] - 0.26 [1.94] 0.51[1.69] 0.41[1.41]
Range (0.10-0.60) (025-1.10) (0.25-0.60) 459
Total
GM [GSD] 0.04 [1.75} 0.12 [2.36] 0.51 [1.69] 04111.41]
Range (0.02-015) (0.04-0.60) (0.25-1.10) (0.25-0.60) 25.08"
Aspect ratio
Chrysotile
GM [GSD] 17.00[1.70] 23.2211.38] - - 1.23
Range (5.3-35.0) (15.0-35.7)
Amphibole
GM [GSD] - 7.57[1.88] 7.1411.50] 18.46 [1.80]
Range (4.2-20.0) 4.1-12.0) (8.3-48.0) 8.04/
Total
GM [GSD] 17.00 (1.70] 13.70{2.11] 7.14 [1.50] 18.46 [1.80]
Range (5.3-35.0) (4.2-35.7) 4.1-12.0) (8.3-48.0) 6.79

* arithmetic mean; ' arithmetic standard deviation
t geometric mean; | geometric standard deviation
" p-value < 0.05; ¥ p-value <0.01

Table 8. Comparison of asbestos and non-asbestos fiber contents in lungs between area, sex, country

Age at Fiber conc.(x 10° fibers/g of tissue)
Area Sex Country Number death or
operation* Asbestos Non-asbestos
Urban Male Korea' 23 40.7t 0.25 (0.03-2.41)* 8.90 ( 1.95-40.60)*
Japan' 30 62.8 1.54 (0.30-7.99) 49.60 (11.90-206.00)
Female Korea' 7 45.61 0.27 (0.10-0.76)* 9.10( 2.71-30.60)"
Japan' 26 66.0 1.07 (0.28-4.07) 21.15 (3.22-139.00)
Rural Male Korea’ 20 38.6¢ 0.09 (<0.04-0.98)"* 461 (0.53-23.31H)"
Japan' 7 71.0 2.27 (0.51-10.10) 34.10 (13.20-87.90)
Female Korea? 2 520 0.30 (0.17-0.54) 17.79 (17.77-17.80)
Japan' 23 65.6 1.30 (0.38-4.46) 20.50 (2.62-161.00)

* arithmetic mean; ' geometric mean

1 ; data were obtained from references: Sakai et al. 1999

2 ; data were obtained from this study

tp-value < 0.01 : comparing with Japanese by area and sex
‘p-value < 0.01 : comparing with Korean by arca
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