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A Study on Exposure Among Asbestos Textile Workers
and Estimation of their Historical Exposures

Jeong Im Park, Chung Sik Yoon, Nam Won Paik

Division of Industrial Health, School of Public Health,
Seoul National University, Seoul, Korea

From July 8 to September 2 1994, asbestos exposure level among asbestos textile workers was sur-
veyed. Six plants out of plants in Korea were selected for this study. In addition to the exposure level,
the relationship between the level of exposure and some factors affecting exposure were studied.
Also, using historical data of asbestos concentrations in asbestos textile plants plus current data, trend
of asbestos exposure level could be introduced. Historical exposure level was estimated on the basis
of these data.

The main results of this study are follows.

1. Average concentration of all six plants surveyed was 1.54 f/cc, and range of those concentrations
was 0.03 - 11.58 f/cc. The minimum average concentration was 0.32 f/cc and the maximum was 8.04
f/cc which is four times higher than the Korean standard. A wide difference of exposure level among
the workers of different plants was observed. In three plants, the half of all the plants surveyed, their
average concentrations exceeded the Korean standard, and those in all the plants exceeded the
ACGIH TLV.

2. Among total 56 samples, 22 samples(39%) were in excess of the Korean standard, and 53 sam-
ples(95%) were above the ACGIH TLV. Among 32 personal samples, 15 samples(47%) exceeded the
Korean standard, and 30 samples(94%) exceeded the ACGIH TLV. Among 24 area samples exclud-
ing a few samples collected in office area. seven samples exceeded the Korean standard, and 23 sam-
ples(96%) exceeded the ACGIH TLV.

3. Distributions of concentrations were observed by processes. In weaving, the highest, average
concentration was 4.29 f/cc, and range was 2.61 - 11.58 f/cc. In spinning, average concentration was
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2.22 f/cc, and rangc was 0.41 - 8.93 f/cc. In carding, average concentration was 1.98 f/cc, and range
was 0.23 - 10.93 f/cc. in twisting, average concentration was 1.65 f/cc, and range was 0.21 - 9.83
f/cc. In mixing, the lowest, gverage concentration was 0.48 f/cc, and range was 0.22 - 1.20 f/cc.

4. All the samples from basic processes of asbestos textile plants were above the ACGIH TLV.
Nineteen samples(45%) out of all these 42 samples exceeded Korean standard. Fourteen sam-
ples(58%) of total 24 personal samples, and five samples(28%) of total 18 area samples exceeded the
Korean standard. Considering processes, all the samples in weaving process exceeded the Korean
standard and so did 54% of those in spinning, 40% in carding, and 27% in twisting.

5. Trend of decreasing asbestos concentrations in asbestos textile plants was observed by time.

6. Asbestos concentrations in asbestos textile plant in 1975 were estimated to be 11.0 - 92.4 f/cc.
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Table 1. The Number of Samples by Plant

Plant A B C D E F
Sample

Total

Personal 7 9 5 6 2 3 32
Area 7 30
Total 14 17 10 9 7 5 62
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Table 2. General Characteristics of Asbestos Textile Plants Surveyed

~ Plants A B c D E F
Characteristics
Amount used(ton/month) 20 15-16 8 4-5 1.3 3
Asbestos Workers 3126 20/23 8/9 6/7 18/19 3/4
[Total Workers
Main Product Yarn Cloth Cloth Cloth Cloth Packing
Rope Tape Tape Tape Sheet Rope
Cloth Packing
Production Rate(%) 30 50 50 70 30 30
Running Machines/Machines on hand
Mixing 2/4 1/1 071 0/1 0/1
Carding 1/5 2/5 1/2 1/1 071
Spinning 1/5 2/4 212 1/2 1/2
Twisting 1/4 4/8 1/3 1/2 1/3 -
Weaving 0/4 2/4 1/4 174 072 1/3
Year Built 1982 1975 1987 1989 1986 1989
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Table 3. Work Environments and Conditions by Plant
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Conditions A B C D E F
Cleaning Status Good Fair Poor Poor Poor Poor
Cleaning Method Vacuum Vacuum Manual Manual Manual Manual
Protective Device Good Fair Fair Poor Poor Poor
Rocker Room Yes Yes Yes Yes Yes Yes
Laundering Site Plant House House House House House
Smoking NO Yes Yes Yes Yes Yes
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Table 4. Characteristics of Existing Local Exhaust Ventilation by Plant and Process (Unit : feet per minute, fpm)

Plants A B C D E F
Process
Mixing Type enclosure canopy canopy canopy none
Capture V. <50 < 50 - < 50
Carding  Type cover canopy canopy canopy canopy
Capture V., 50 50-80 <50 <50 -
Spinning  Type containing containing containing containing duct
Capture V. 50 <50 <50 <350 <50
Twisting Type containing none canopy none duct
Capture V. 50 <50 < 50
Weaving Type duct canopy canopy canopy canopy canopy
Capture V. <50 70 50 - 60 <50 <50
250
E LI A
| & s
200 -
= =0
=
£ 150 Hezm s
% 100 |
>
C
=~
]
@

1 |

Mixing Carding*Spinning Twisting Weaving
Process

Fig. 1. Capture Velocity of Each Plant by Process.
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Table 6. Asbestos Concentrations by Plant

Asbestos Concentrations(f/cc)

Plant No.of GSD
o C AR QA7) 99l canopy® ¥=& 3 Samples GM Range
A& Fol 4Asiied £2 49X YR de A 14 0.32 0.03-1.63 341
EolA 3] ARE 7Y 471 Ik E AR B 17 1.25 0.18-438 235
< AZFE 9E 2 A dig] A Aleld =y cC 10 2.48 050-9.76 221
He% dARe ed QA YA AEHx D 9 804 6611158 139
e ol AIFY AS NS edjFl e B T 220 079-966 248
N F 5 0.76 043 -2.61 2.03
A2 fYE HA] =8 TN Poid 4 vl ¢l
o] HgAolx R} Total 62 1.54 0.03-11.58 3.02
Azxe Pl S2Ae) TFNXSY YN GM : Geometric Mean
€ R glo] AE&HQ ZAMAA4LE HA#7)7  GSD: Geometric Standard Deviation
Table 5. Summary of Asbestos Concentration in All Plants Surveyed, ficc
Mixing Carding Spinning Twisting Weaving Others
Plant
p* arx p a p a P a p a p a
A 022 042 023 094 042 163 0.1 1.01 0.81 0.03
B 1.20 0.49 079 415 120 1.61 1.62 3.53 3.18 036
C 2.90 976 299 365 2.00 1.66 050 235
D 9.24 1093 6.77 7.04 11.58 6.61
E 4.15 1.26 4.31 148 0.79
F 2.61 052 061

p* : Personal Samples, a** : Area Samples
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Fig. 3. Asbestos Concentrations by Plant.
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FEIA, M ®E #E B AKIAA D A
4 7.90 Mechth F AHAF Alole] Apole 33
W2 AR FHol AUl T AA HFeEolA
5] Aojirt v] & 2o g et}

FrABA LV EE 2AF AEAZL C, D,
E Al AdAeldt. FaAgAM 7 e Hiw
25 vehd A A AR 0.48 AR/cc2 A
SN gY HEFEHRT 2007} 51, ML & &
& H AR D AR 8.50 H/ccE 7HAA
29 gHo oi g2 g 2o R AR A
AA g9 BAEE Aol 184 )

E 83 19 5 18 62 MAAES} FAAEE

Table 7. Asbestos Concentrations by Plant : Personal and Area Samples

Personal Samples

Area Samples

No. of Concentrations(f/cc) No. of Concentrations(f/cc)
Plant  Samples GSD Samples GSD
GM Range GM* Range
A 7 0.24 0.21 - 0.81 2.83 7 048 0.03- 1.63 437
B 9 1.29 0.18- 4.15 2.85 8 1.49 0.79 - 3.18 1.81
C 5 1.92 0.50- 3.80 220 5 343 1.66- 9.76 2.15
D 6 7.90 5.13-11.58 1.42 3 8.50 6.61 - 10.93 1.43
E 2 2.48 1.48- 4.15 2.07 5 2.07 0.79 - 9.66 297
F 3 1.16 0.43 - 2.6! 3.13 2 0.61 0.57 - 0.65 1.10
Total 32 1.54 0.18 - 11.28 3.13 30 1.72 0.03 - 10.93 2.93

* Concentrations excluding samples for office area

Table 8. Distribution of Asbestos Concentrations classified by the Korean Standard(2 ffcc) and ACGIH TLV(0.2
f/cc), Unit : No. of Samples(%)

Total Samples Personal Samples Area Samples
Plants
Total <02 02-20 20< Total <02 0220 20< Total <02 02-20 20<
A 12(100) 2(17) 10(83) 7(100) 1(14)  6(86) 5(100) 1(20)  4(80)
B 16(100) 1( 6) 1i(69) 4(25) 9(100) 1(11)  5(56)  3(33) 7(100) 6(86) 1(14)
C 9(100) 2(22)  7(78) 5(100) 1(20) 4(80) 4(100) 125y  3(75)
D 8(100) 8(100) 6(100) 6(100)  2(100) 2(100)
E 6(100) 467y 2(33)  2(100) 1(50) 1(50) 4(100) 3(75) 1(25)
F 5(100) 4(80)  1(20)  3(100) 267y 1(33) 2(100) 2(100)
Total 56(100) 3( 5) 31(56) 22(39) 32(100) 2( 6) 15(47) 15(47) 24(100) 1( 4) 16(67) 7(29)

* : No. of Samples excluding Samples for Office Area
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Fig. 4. Asbestos Concentrations by Plant :
(a) Personal Samples, (b) Area Samples.
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Fig. 5. Percent of Samples Exceeding the Korean Standard by Plant.
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Fig. 6. Distribution of Asbestos Concentrations Classified by the Korean Standard(2
f/cc) and ACGIH TLV(0.2 ffcc),
(a) Total Samples, (b) Personal Samples, (c) Area Samples
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Atk ARAERE AAES vlAZERKE D AR
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Py 5% 387183 ACGIH TLVE 7]
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+E vl HE7|ES A8 F 84 4EE3 A
d3el FAQPAC] 22 7§ nEdvlele ¥
o] n]&§ Re et

2 B33Y MucPFET

A3 Mixing) & A Edid] FHA A A
WARE 4 ¥HE ¥EY7) A% 3, & A%
(Fiberizing) & AX X4z $494F8 4HY ¥
&2 e FHod. HawAe] 2Ade
23]2 viste] Ads} FYHRE Fol ¥u 42
o2 HA Avn ¥ WA v Hqad
2 AN E FWolold Must YYHHE &
2ol TWINE EoP/Ixg HAE A& AHE3t
2 ed o] FPoAs Al & FFl
vla) A Ao FAgI

£3% (Carding) & ¥4 Fot EPE AL
271E B 4@ WPe 2 WA (Carding) 3]

28 (Sliver) 2.8 ft=y FHo g HIFdN= BB
I AWo] Wrle FENA Bl w4 A}
& vle] WaW hopperd] EFE MAE FFd=
Fge] WoH YA ¥ Z2AF A ubpel
Hol 948F ¥ ¥ A AKRAEE AYY BE
ARGl A3 Sl o] AN GAt
e ¥ ARz x&HE HAe g Jehygrt
A2 Spinning) & ARIFL AX v &
AL Fol Bl Yt molM ZFxE FUIAA A
g2 = FPog AL o AARE
AGaA vldte] 47lm Auje] #Arle HAHNM B
Fol A", FWFFA4e] Hde FAA] HE
Aejol A AP AAo] AEEHQA FAMHE A
4¢ 4 gla AWy P24 FaurIALE dxs
717t &@dd @7k ot (Cralley, L.V. &}

Table 9. Asbestos Concentrations by Process

Asbestos Concentrations(f/cc)

Process No.of GSD
Samples GM Range
Mixing 3 0.48 022- 120 235
Carding 10 1.98 0.23-1093 453
Spinning 13 222 041- 893 237
Twisting 11 1.65 021- 983 283
Weaving 5 4.29 2.61-11.58 1.96
Total 42 1.72 0.21-11.58 222

100

(i

Concenfraion f/cc
. e
._.__—_—

oo

RN 2

Fig. 7. Asbestos Concentrations by Process.



Cralley L.J., 1989).

QAR (Twisting) & FEFEE AA el
48 o8 i FHA GAHEA mo} Az} HE
A SEAY 24548 A meol MAAL A E
AZAE 848 F UA st FHolk. AR
o] Ao & RAAA g YHE 91 Un, §4
HE HEg 4 glo] MALAFHANN BAgAol
7t He FAolt(Cralley, L.V.9% Cralley
L.J., 1989). ¥ A7) mt2H A ARRIglA AA}
7] ol 74718 AR s BREY-E A AN
7 Aeg Jepgoh

A 2324 (Weaving) & QAFEEE AX 4& A4
7 g4z dlo Holu Ho|ZE =g FHe|r)
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ko] Exo| wAgt} ARzl YAyt uiz #A
o] WAsle YA olEE T} x& AR A
4 39 shtolt},

o] 9jo Aol wel MEU B, A4 FY F
Aol A= s} B dFdMe Hantg]e &
2ol FAel FH, 49, AW, A4, Az IHE
FA oz zApEIYTH

Z F3d sz B¥e oS X 9, 29 7
7

S So] 2AEE NULEEEE AT Hlo 9
&1 ERFAY w2t 7FY BRI ohde] 3 E,
AA}, AW, Hute] o g B T £E£E HYT)
(AR &, 1993). & AFolMe 2Tl HA
4.29 M/cc, M9 2.61-11.58 N/ecE 7V =&
FEoIT ohgol FH (B 2.22 M/ec, HH
0.41-8.93 7M/cc), 2AETE 1.98 /e, HH

0.23-10.93 M/cc), AAHHET 1.65 7W/ee, HH
0.21-9.83 M/cc), EREHT 0.48 M/ce, ¥
0.22-1.20 7M/ecc) €22 Jebgc}l EHHe ¥
o1 B 9A U2 AL AU AR 3 oM
A A0l AR AT viad S8 ARZ
AT AEE AHY & N7 HEQL Ao o
AR

3 ol FEe] ARRe] d8 FHE F T
2 U7 Wi @ FFoN dAF $3o] A
Z Ao FiEn sMEn). wey FHEE B
FE A7t AF FHAMT A ERe) I
gttt 2ol ofgen, A= 4 FFE 5
T BFAALRT #oF Aolg HeolA &ddt
(£>0.05). FA} FA] i FAAo] iy WF
717} 7FEFClY AR YW XA 3xE
mpebshe dlof wWelzb =k

Zt FER §HS NAANES FArAI8e MW
35 EXE o g 3 10, 29 83 Al & 1094
BEol &R, A, AxFHAME 7IJASS B
T7t AAhAIRE FEHET 22 & JEldD, &
Hi} AAFFME F2AET 9 Bk 33d
ARAAES FEE X7 HAE 4.74 Nee, HY
2.61-11.58 7W/cc2 7F3 E%®, AREF 271
R/ce, B9 0.41-8.93 M/ec), BAIHTF 1.48 7
/ec, M9 0.21-9.83 M/cc), £2H(EHE 1.32 7
Jee, B9 0.23-9.24 A/cc), ETAGHF 0.51 7
fee, M9 0.22 -1.20 M/eo e £A4Q}. R
AN EEEZ 718 QA JERd A2 ERaRg]o]
AAAIE F¢ A e RAo) oz @ o] 20-
30E F=H Pag urict HEH R o] FoR)7]

Table 10. Asbestos Concentrations by Process : Personal and Area Samples

Personal Samples

Area Samples

No. of Concentrations(f/cc) No. of Concentrations(f/cc)
Process  Samples GSD Samples GSD
GM Range GM* Range

Mixing 2 0.51 0.22- 120 3.32 1 0.42
Carding 4 1.32 023- 924 5.35 6 298 0.61 - 1093 4.21
Spinning 8 2.71 0.41 - 893 2.95 5 1.73 0.78 - 3.65 1.67
Twisting 6 1.48 0.21 - 9.83 4.28 5 1.85 1.01 - 9.66 1.84
Weaving 4 4.74 2.61-11.58 2.20 1 3.18

Total 32 1.67 0.21-11.28 2.31 18 1.66 0.61 - 10.93 2.26
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Fig. 8. Asbestos Concentrations by Process :
(a) Personal Samples, (b) Area Samples.
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Table 11. Distribution of Asbestos Concentrations Classified by the Korean Standard(2 f/cc) and ACGIH TLV(0.2

f/cc), Unit: No. of Samples(%)

Total Samples

Personal Sample Area Samples

Process
Total <02 0220 20< Toal <02 0220 20< Total <02 0220 20<
Mixing 3(100) 3(100) 2(100) 2(100) 1(100) 1(100)
Carding  10(100) 6(60) 4(40)  4(100) 2(50)  2(50) 6(100) 4(67) 2(33)
Spinning  13(100) 6(46) 7(54) &(100) 2(25)  6(75) 5(100) 4(80) 1(20)
Twisting  11{100) 8(73) 327y 6(100) 467y 2(33) 5(100) 4(80) 1(20)
Weaving  5(100) 5(100)  4(100) 4(100) 1(100) 1(100)
Total 42(100) 23(55) 19(45) 24(100) 10(42) 14(58) 18(100) 13(72) 5(28)
100k
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@ B Area
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Fig. 9. Percent of Sampies Exceeding Korean Standard by Process.
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Fig. 10. Distribution of Asbestos Concentrations Classified by the Korean Standard(2

ficc) and ACGIH TLV(0.2 f/ce):

(a) total samples, (b)personal samples, and (c) area samples.
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Table 12. Annual Trend of Airborne Asbestos Concent-
ration

No. Asbestos Concentrations, f/cc
Year  of Plants

Surveyed GM Range
1984 6 6.28 0.62 - 30.73
1987 7 5.01 0.20 - 81.70
1991 4 3.1 0.10-17.30
1993 7 1.42 0.07 - 6.10
1994 6 1.72 0.21 -11.58
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Fig. 11. Asbestos Concentrations of Asbestos Textile Plants by Year.

Table 13. Annual Trends of Airborne Asbestos Concentrations by Process Unit : f/cc (Range)

5.28 6.28 877
(0.89-16.82) (0.95-12.80) (1.17-30.73)
6.08 5.00 5.15
(1.0-18.9) 04-28.1) (0.3-36.9)
5.40 3.92 1.72

(0.10-12.60) (0.28-17.20)

0.85 0.94 1.33
(0.11- 2.41) (0.12-4.98) (0.07- 2.80)
2.22 1.65 4.29
(0.41- 8.93) (0.21-9.83) (2.61-11.58)

Year Mixing Carding Spinning Twisting Weaving

1984 9.71 3.46
(0.62-24.80) (0.65-7.85)

1987 6.26 5.07
(1.2-31.1) (1.0- 81.7)

1991 - 4.63
- (0.38-17.3) (0.26-15.00)

1992 6.10 091
(6.10) (0.08-4.71)

1994 0.48 1.98
(0.22- 1.20) (0.23-10.93)
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2 A8 e A QA7 248 ¢ F U
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A 502 g & AgelAwt Ajdd 25de
EF =3 341, F 23 A¥ A% A= (intensi-
ty) 2 Agste o] Wasith Aol B Y
ARAENEL AAEEE FRHL2 23 e
d) o]RAL Aol got 4F R¥ A% A
Fo] 71948 #AHSchneider §, 1991). HIde
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Fig. 12. Annual Trends of Airborne Asbestos Concentrations by Process.
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Fig. 13. Distributions of Asbestos Concenirations by Year.

Table 14. Distributions of Asbestos Concentrations by %, 1991).

Year ( Unit: No. of Samples (%)) @ xZo g AFH 7)2o] 2 AW YA
Concentration 1984 1987 1991 1992 1994 Y f83tct
<02flcc 0(0) 00 0(0) 1(5 00 @ =287} ‘:“1‘ RFEZFC A gk
02-2flcc  15(32) 22(17) 7(44) 12(57) 22(52) ® FHYFHol 7 Azt
> 2 flce 32(68) 108(83) 9(56) 8(38) 20(48) FE AZHe 28 A4 =¥ (Statistical
Total 47(100) 130(100) 16(100) 21(100)42(100) MOdel):’-‘q‘ 3,‘-’5}'2:] E-'% (Mathematical MOdBD ol
o BAIAHQA B¥ Fo O34YARY (Multiple
Linear Regression Model) & F2 ¢4% 7|&8&




23w FE8 et o] e dx¥ Y
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o] BEcin A B3 Aide AL o]
g Folch, webd FEel Wil 19 Ul U@
a7t $Ald ol FjAle FHH Yol AA A
o] 358 ¢ & Wy ez dwA Uo
(Rong &, 1990).

484 w3

D YAWF (cause variables)el APl H=A
ojc}.

@ 99-A 3 2% (cause-effect model) °|o}.
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@ F3he] Bsich

Zhe Al U,
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Aoz Brte A AR 3AFE 34 A B
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¥ 158 EUZE sjo 1987d d7AAS) £ A7
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14, 158 9€ + Uk

¥ 14904 HE uis}h Zo] 1987 ud] F
AR 2% FESFFe] Avies FALAUEE
& & Ut F AR 198743 1904de] %
£ 24 gt v&2 =AE a9 159 2o
1987d2] w=o] A 199439 =9 Y] (Ratio
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ek, olRL F AR B xRy FAVH A F
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HAEEE 2387 s HA WA =& 7}
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Table 15. Asbestos Concentration by Process in 1987 and 1994

Year 1987 1994

Plant A B A B
Process p* ax* p a p a p a
Mixing 1.2 42 43 7.5 022 042 1.20
Carding 1.0 1.1 34 6.2 023 094 049 0.79
Spinning 1.8 22 7.6 104 042 1.63 415 1.20
Twisting 22 1.1 0.9 6.2 0.21 1.01 1.61  1.62
Weaving 29 0.6 6.3 7.5 353 318

GM 1.7 1.5 36 7.4 026 0.90 1.69 149

P* : personal sample, a** : area sample
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Fig. 14. Comparison of Airborne Fiber Concentrations in 1987 and 1994.
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Fig. 15. Ratio of Airborne Fiber Concentration 1994/1987 by Plant.

E 150 oj3td 7183 Fe] o B AR 37
ZF AdExe 7ggde AAAED AS 1.69 7)
fec, BAEAIRR] A 1.49 7h/ccolt. &) 42
3 AQA B} F2A RS FEE BAHLE £9
¥ Aol7t A2 2 (p<0.05) AlRe] ¥eAE FE
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23 (Mathematical Model) ol HE@ozH £
FIMEe A =& 33€ Zelth o] 2¥E A
371§t "E71F MA¥Red d%E viXe
Z 818 SYPHoz ¥x AYe BAE /A
I Fxo] 719¥ Aolgdsn R, o ML
olAd] 48 ¥ Dodgson 59 AFINE FAIE A
o]t} (Dodgson &, 1987).
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o ¥, AJFTH, FFAEY ZV], YiHE, )
A, 2ETFe] A8, AR Aode, 99 o
2 34 5o 37 F AREEA 9%E vlAE 2
oz wysta YvH(Cherriest Dodgson, 1986).
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Table 16. Model Multipliers for Varying Rates of Pro-

duction
Percentage of production of Capacity Multiplier
75 0.9
50 0.3
25 0.6
10 0.5

o] FL3chA 4L (Production Rate) & <24}
9 &Pz ¥%¥& 71d%(Esmen, 1979;
Kalliokoski, 1990). ¥ d7M e i+ dig
A2 FR7HeES V=g ALY FAMER
WAle] HHALRFE 4] AMdleix e Aol
t}. Dodgson 59 @97 A MMME A7l
A g wE 7z Wbzt AAEY e
H, 2RE& &3 2} (Dodgson &, 1987).
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3% FEoz A2 F G (Paik F, 1983).
ezl e 48 Y $8& gt A
o] BrFs3eg 1 AxE uleky Aoty ey
A4 uide] E& BAETHE ER9 Aujitez
gt 7] & Fxe F7Hs dAY 4 & FHolth
B A933 D Ade A4E3e F= ¥E9) A
& xrt 2%, AAFRELE F R BT Fhwjr]
Aol YIRUTHE 4). A BA F AR 2% &
& @olga AR UMD F FHANAY 71A
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Table 17. Relationship of Asbestos Concentration for
Spinning and Twisting Process at Plants B

and D
Asbestos Concentration, f/cc
Ratio(D/B)
B D
Spinning 4.15 6.77 1.63
Twisting 1.61 7.04 4.37
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Table 18. Data Used to Estimate Past Asbestos
Concentration at Plant B

Date Variant affecting airborne fiber levels Multiplier

1994 Wetting floor per 1 hour 1-1.5
Production rate : 50%

1992 Improvement of local ventilation

1992 Production rate : 100%

1-2

1.
1987 No. of Workers 1

5

1

3
1985 Installation of local ventilation -7
1979 No. of Workers

1975 Start
1000
8
ey,
S |04 s
E 46.2
E
E oL
[%] 1.0 0.
g 11081
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1 n e 4 1 122 J L 5 : 1'7
I8 108 1080 1GE2 1004 103D 1088 1G00 10 1G04
Year

Fig. 16. Estimates of Past Asbestos Concentrations
Using Mathematical Model.
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1.1-22.4 A/ccittn 832 AF (Dement &,
1983).
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o] A9l F8 Axte vy B}

1. A4 N AR HFFEe 1.54 A
fee, ¥M¥E 0.03-11.58 7R/cc At HFwEs 7t
A 2 AR 0.32 Mee 93, 7MY B2 A
A& 387128 4u) o] 23 8.04 M/ce &
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