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1 F  88.7.6 B 1R 44.1 1,662
2 THE 88.7.6 Bl o 2.0 231
3 it 88. 7. 8 = 20.1 415
4 th 88. 7.11 E—RFW 7.4 104
5 & 88. 7.13 21 19.2 384
6 MBA 88, 7.14 TR 6.1 104
7 B 88. 7.14 i) 4.7 71.8
8 TH# 88 8.19 BB 127 1,716
9 SRy 88.9.26 I 10.1 343
10 s 89. 1.24 FfE 17.3 240
11 b3 89. 1.24 g 39.6 293
12 B 89 1.27 BB 49.0 990
13 R 89.11. 4 i 60.0 1,000
14 th 90. 2.14 R 40.2 852
15 dr 90. 2.19 il 35.3 749
16 &) 90. 2.22 W 17.0 329
17 &FE  90. 2.22 e 29.3 1,699
18 BEA1 95. 1.10 B—Rarh 1.4 43.4
19 BBf 95. 1.11 BE—kp2 12.6 203
20 BRI 95. 1.12 =3y 8.0 201
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No. FETAE FHTF 1 & B
AR AR
1 1982 80 5 P2 A 4.18 188
2 1982 61 = TUBED A 2.25 142
3 1982 68 5 HiME ) Vol 0.69 184
4 1983 59 5 BE»A 1.59 31.1
5 1983 61 = T 0.12 12.5
6 1983 67 5 BAA 50.1 117
7 1984 56 s FFIED A + FFBEZE 2.41 53.0
8 1984 65 B DFEE 0.79 46.7
9 1985 73 5 DFFEZE 8.18 87.3
10 1985 69 5 KEEH A 3.39 417
11 1985 38 B TR PERARE A + BAEZE 2.69 9.25
12 1985 77 B EB2A 2.19 132
13 1985 67 B BA 2.06 73.7
14 1985 58 5B IR ZE 1.54 23.4
15 1986 52 B 72 — AERFREZS 2.07 42.8
16 1987 60 5 BB A 4.12 49.5
17 1987 53 2 iaRTES 1.26 50.7
18 1987 62 2 EA 0.63 9.19
19 1980 65 p'q BB 5 A 2.97 44.1
20 1981 66 @ RATEZE 2.02 105
21 1981 61 T L IBREEEIREAZEE 1.62 52.2
22 1982 67 T +iEBERRE 1.60 40.9
23 1983 47 ' BEE +HITEE 1.13 426
24 1983 55 T =g A= hig 0.53 0.70
25 1983 67 T DA 0.18 5.81
26 1984 69 z B ST A -+ ISE + iR 2.82 45.5
27 1985 65 i@ FFEEA + FFig A 5.20 30.5
28 1985 66 8 HAsA 2.58 133
29 1986 58 T 7y vV IR 3.81 34.0
30 1986 80 z SEZHBHEBEIEZR 1.59 9.54
31 1987 65 T TV oA = —HEAER 4.39 24.5
32 1987 53 s KELIS 1.12 14.2
33 1987 72 Z % ZE B HE 1.08 2.89
34 1987 64 S BIRERT 2 0.24 0.48
35 1988 66 e FFBEDS A+ RS 1.08 31.0
36 1988 79 " HE R 0.77 25.0
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£33 AR b RS bR S h o BRSO &L T OBRES

AREOEE A& (N=21) IiER (N=36)
5 ¥ IR aiRiRE D
FE R ER BEE PH%* &IDNRKRY%) B FHX*  &DRR)
I S+Ca 21 43.7 (24-77) 1 0.0 (o-1
Al+Si 21 16.3 ( 4-35) 36 62.3 (37-94)
Fe D% 19 6.0 ( 0-43) 22 1.2 (0-4)
7YV EAN 21 4.7 (1-14) 33 4.4 ( 0-29)
Si D& 18 3.3 (0-9) 32 4.3 ( 0-23)
Si 12 1.9 (0-9 2 0.0 (o-1)
Si+Ca 6 0.7 (0-6) 3 0.4 (o-7
Al D& 10 0.7 (0-3) 9 0.3 (0-2)
Mg+ Si 7 0.6 ( 0-5) 13 0.5 (0-4)
P+Fe 7 0.4 (0-2) 35 18.4 ( 0-47)
TI2FIIA N PLETA 9 0.4 (0-2) 14 0.5 (0-5)
Ti D& 6 0.3 (0-2) 29 1.4 (0-5)
7 EFA b 2 0.2 (0-3) 16 0.7 (o-7)
P+Ca 2 0.1 (0-1) 5 0.4 (0-5)
I Mg+$S 7 6.3 ( 0-53) BHed
Na+$ 7 5.0 ( 0-53) BH e
Ca DX 14 1.6 (0-8) B3
S+Fe 6 1.2 (0-9) B
Zn D& 8 0.8 (0-5) HHET
Cu D& 3 0.5 (o-7 BHed
S D& 4 0.4 (0-3) B
Mg-+P 3 0.2 (0-2) BHe T
Si+Fe 3 0.2 (0-2) ey
Cr D& 3 0.1 (0-2) BT
Na+P 1 0.1 (0-2) ¥ited
Mg+ Fe 1 0.1 (0-1) Bt
Si+$S 2 0.1 (0-1) ke
Mg D& 2 0.1 (0-2) BHET
Mn D% 1 0.0 (0-1) BT
I swmyFFA b e 24 2.4 ( 0-15)
Z DAl 20 3.9 ( 0-11) 27 2.6 ( 0-25)

S 1 KEE LOMHEROTRE TR X h i E Rk
T KK TR S hoc R RiE
M FGALRR7E T CRH S ho R

T FEAATLERITEBRIEERIOS L LD 0FRT

* L RR21FR E 2 I AR 365 R T I(E

(p<0.01), ThHLORIIHERTRALVDIOD DBI0ARLETH o127 V) Y 24 25 L OFEGRH
KROFHARECERLD »7c, EFRUSOER M5 B (Al & Si 2 ERS & T 58, Feid
DIEAFBRIEDOE X LEROEMEHMES, BR  UrblAMME, S & Cad bR AMIE P & Fe
T, KROFOHER L v K& ZERS & T A, SiThLRAMKE o
B, W7 A7 P HIAROFNIGER KX, BHE, 7AN72 MEBLHCKAR &
10 L7ciER, MRl X BB iTh -7,

K&, & ISR oML TR L Coo5HEIARE
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®4 AR L URIES, bR Sh - BEoBEN ok S, BE, 727 i

#imEs (R IME- B KB

= 777 b
5 if;ﬁél@%ﬁ#&t@ SRTARE (K) £¥ (um) EE (um) (Ex/ED
ERETRAN  x mmm k% WLk K& T *& e
1 S+Ca 999 1 1.23 0.7 0.200 0.05 6.1 14.0
(0.2-45.0) (0.04-5.5 ) (3.0-85.6)
Al+Si 338 3,068 1.21%F 0.76 0.153** 0.074 7.9%% 10.2
(0.2-17.0)  (0.2-20.0) (0.03-3.3 ) (0.02-3.0 ) (3.0-38.5) (3.0-250)
Fe D& 132 53 1.06** 0.65 0.212%* 0.085 5.0%* 7.6
(0.3-10.0)  (0.3- 3.0) (0.05-1.8 ) (0.03-0.30) (3.0-30.0) (3.0-20.1)
VYRR Y 101 148 0.77 0.94 0.045 0.045 17.2* 20.6
(0.2-12.0)  (0.3-15.0) (0.02-1.6 ) (0.02-3.0)  (5.0-70.1) (5.0-268 )
Si DA 73 196 1.67** 0.88 0.241%* 0.108 6.9 8.1
(0.3-120) (0.2- 8.0) (0.06-2.8 ) (0.02-1.0 ) (3.0-34.0) (3.0-46.5)
Si 38 2 2.61 1.73 0.372 0.317 7.0 5.5
(0.4-15.0) (1.0~ 3.0) (0.06-2.2 ) (0.20-0.50) (3.6-20.1)  (5.0-6.0)
Si+Ca 12 21 1.30 1.10 0.194** 0.057 TEE 17.5
(0.5~ 3.0) (0.4-3.0) (0.08-0.50) (0.03-0.20) (3.2-22.4) (8.0-50.0)
Al D& 15 19 1.20 0.97 0.193 0.119 6.2 8.1
(0.4-4.5)  (0.2- 3.0) (0.05-0.60) (0.04-0.50) (3.0-11.7)  (3.0-20.1)
Mg+ Si 12 19 2.43 2.54 0.356 0.260 6.8 9.8
(0.9- 7.0)  (0.4-15.0) (0.122.2 )  (0.04-1.5)  (3.2-16.3) (3.7-35.2)
P+Fe 10 988 0.130** 6.6*

TOFITAL]

0.86 0.68 0.076 8.9
0.5~ 3.5)  (0.2- 7.0) (0.05-0.45)  (0.02-0.70) (8.3-11.9) (3.0-75.2)
11 25 2.03 3.58 0.213 0.301 9.5 11.9
0.9- 6.0)  (0.7-12.0)  (0.06-0.70)  (0.05-1.0 ) (4.3-18.7) (4.4-46.5)

brEZA b
Ti D& 7 72 0.93 0.81 0.150 0.114 6.2 7.1
(0.4- 1.8) (0.2~ 4.0) (0.07-0.40) (0.02-0.50) (4.0-8.6)  (3.3-25.0)
7EYA b 5 42 1.90 2.14 0.218 0.146 8.7 14.6
(0.7- 5.5)  (0.3-22.0) (0.08-0.40) (0.04-0.80) (6.2-13.7) (3.7-50.0)
P+Ca 2 16 0.75 0.86 0.200 0.069 3.7 12.4
(0.4~ 1.4) (0.4-8.0) (0.10-0.40) (0.02-0.60) (3.5-41.0) (5.0-37.3)
I Mg+S 158 0 1.26 — 0.153 — 8.2 —
(0.4~ 8.0) (0.06-1.2 ) (3.0-41.7)
Na+$ 118 0 0.88 — 0.143 — 6.2 —
(0.3- 6.0) (0.05-0.50) (3.0-32.8)
Ca D& 32 0 1.41 — 0.273 — 5.2 —
(0.5-15.0) (0.062.7 ) (3.0-11.7)
S+Fe 29 0 1.46 — 0.243 — 6.0 —
(0.4~ 6.0) (0.06-0.60) (3.0-12.9)
Zn D& 17 i] 0.83 — 0.135 — 6.2 —
(0.3- 2.7) (0.06-0.50) (3.3-15.0)
Cu D2 9 0 1.59 — 0.252 — 6.3 —
(0.6~ 5.5) (0.08-0.70) (4.0- 9.2)
S D& 7 0 1.18 — 0.195 — 6.1 —
(0.4~ 7.0) (0.10-0.80) (3.6-58.6)
Si+Fe 5 0 1.90 — 0.268 — 7.1 —
(0.5- 6.0) (0.08-0.60) (4.2-10.0)
Mg+P 3 0 1.52 — 0.269 — 5.7 —
(0.6— 4.5) (0.12-0.90) (5.0- 7.2)
Si+S 2 0 1.32 — 0.200 — 6.7 —
(0.7- 2.5) (0.10-0.40) (6.3- 7.0)
Mg+ Fe 1 0 1.3 — 0.10 — 13.0 —
Mg D& 3 0 1.38 — 0.174 — 8.0 —
(0.7- 2.5) (0.10-0.35). (4.3-25.0)
Cr D4 3 0 0.83 — 0.208 — 4.0 —
(0.6- 1.2) (0.15-0.30) (4.0— 4.0)
Na-+P 2 0 0.53 — 0.102 — 5.2 —
(0.4- 0.7) (0.08-0.13) (5.0~ 5.4)
Mn D& 1 0 0.6 — 0.10 — 6.0 —
i} 7ey P4 ¢ 0 99 — 1.26 — 0.092 — 13.6
(0.3-12.0) (0.03-2.0 ) (3.7-100 )
Z DAl 86 113 8.6

1.11 0.77 0.171 0.090 6.5
(0.2- 9.0) (0.2~ 6.0) (0.05-1.4 ) (0.03-1.0 ) (3.0-27.9) (3.0-45.2)

S 1 KRB LOMHEKOmE D LR S h iR O TE
I ARSI S h A SRR O R
I BHALRRZS he i S h o BB O IR

*:p<0.05, **: p<0.01
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IEDI I EBEOr (74 3 =7 AW
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ELTCHEE, FelOhDRAMME LT
Lk, Si7c bR AMMEL L EE, TiK
bR AHBMEEL LA, Mgk SivE
B & AR CEREE L) L LTika s,
PLCakEZRHoG L TAMIMEE L TZ7 51+
PHEEIhic, Lo, 40, %< Offichit &
NI P & Fe X WG & THBiFEOBBITEEL S
DHIHEFE TS T H L0, THTH -
7

K THH i OBE A o
CHELTESCR LI, EoBEILS & Ca®
ERGETHBME SO Al & SivERD ET

£

£45% BAREHE

F95 927

HAET, SEOERELE I K LTV, Th
HitWTFhd FELEERY & L TR I
LB ELELTCWA D EEL bht,

FEAER CHH X i SR ARt OB Y fho#R
HELHEBELCESR LI, Al & SixTEHT &
THMMEEREORE TREINTEY, Sik
G bR A MME, Mg & Si TS &+ 5 M,
Ti 2T bR AL EIBREI T, &
E, 366356 CHREIhicP & Fe w ERS &
T AEBHECONTOWMEILIh 5 T,

2. KT &InHRE# & oM T OERRHOTEIER

= AEll oY 3

1) K& &R & okl o ks ORI A

— R R o fifi P R O TR RS At
T 5 RKLGPERSBREOFE LM ooy, Bk
MERRIENBRA S oD & BB O M ER 04
HHIRIC BT A KIFERSEOEE, BERD
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TYPES AND DIMENSIONS OF MINERAL FIBERS
IN THE ATMOSPHERE AND FROM LUNGS OF RESIDENTS
IN THE URBAN AREA

Kiyoshi SAKAT*, Naomi HISANAGA?*, Eiji SHIBATA®*
Akinori KOJIMA*, Yasuhiro TAKEUCHI**

Key words: Urban atmosphere, Autopsied lung, Asbestos, Nonasbestos fiber, Fiber dimension, Analyti-

cal electron microscopy

Objective: The objective of this study was to estimate the types and origin of the mineral fibers
in the lungs of residents in the urban area.

Methods: Mineral fibers in the atmosphere from 21 urban areas were analyzed by direct transfe—
analytical transmission electron microscopy (ATEM) . Lung tissues of 36 urban residents without occupa-
tional asbestos exposure were also analyzed by ATEM after low temperature ashing. Measurement of
dimensions of all types of mineral fibers, identification of asbestos, and classification of nonasbestos fibers
according to the combination of main elements were carried out.

Results:

1. Chrysotile, amosite, actinolite, tremolite and 11 types of nonasbestos fibers were found in
both the lung tissues and the atmospheric samples. The fibers, mainly composed of Al and Si, contributed
16.3% and 62.3% of the atmospheric samples and lung tissues respectively. On the other hand, the propor-
tion of the fibers mainly composed of S and Ca were 43.7% and 0.0% in the atmosphere and lung tissues
respectively. Those fibers mainly composed of P and Fe were 0.4% and 18.4% in the atmosphere and lung
tissues respectively.

2. TFifteen types of nonasbestos fibers were found exclusively in the atmosphere. The average
proportions for ten of these were less than 0.5% each.

3. Crocidolite was found exclusively in the lung tissues.

4. No significant difference in the geometric mean of length and diameter of asbestos was found
between the atmospheric samples and lung tissues. Some types of nonasbestos fibers had significantly larg-
er length and diaméter in the atmospheres than in the lung tissues (p<0.01).

Conclusion: The results suggest that mineral fibers found in lung tissues could be classified into
three groups on the basis of their behavior. 1) Some fibers, such as amphibolé asbestos and fibers com-
posed of Al and Si, are inhaled from the atmosphere and remain in the lung tissues for a long time. 2)
Some fibers, such as those composed of S and Ca, are inhaled from the atmosphere and eliminated from
the lung tissues within a relatively short time. 3) Some fibers found more in the lung tissues than in the at-

mospheres, such as those composed of P and Fe, are suspected to be generated in the lungs.

* Nagoya City Public Health Research Institute
¥ National Institute of Industrial Health, Ministry of Labour
** Department of Medical Technology, Nagoya University School of Health Sciences
“* Department of Occupational and Environmental Health, Nagoya University Graduate
School of Medicine





