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ABSTRACT

Objectives: The aim of this study was to investigate the exposure and risk assessment of residents near asbestos mines in Korea.
Methods: To assess asbestos types and airborne concentrations, air monitoring was performed in the neighborhoods of
Kwangcheon (KC) and Sinsuk (SS) mines, which were leading South Korean mines in the past. In addition,
activity-based-sampling (ABS) of residents' particular activities were conducted in order to estimate the Excess Lifetime Cancer
Risks (ELCRs) for the residents.

Conclusions: The average concentration of airborne asbestos in KC was 0.0014 f/cc and 0.0015 f/cc by PCM and TEM,
respectively. In SS it was equal at 0.0012 f/cc by PCM and TEM. No statistically significant difference was found in the average
concentration of airborne asbestos between the two mines. The average asbestos concentration of ABS was 0.0048 f/cc (PCM)
and 0.0042 f/cc (TEM) in KC, while it was 0.0137 f/cc (PCM) and 0.0125 f/cc (TEM) in SS. It was found that the average
asbestos concentration of ABS in SS was statistically significantly higher than that of KC (p<0.01). The results of ELCRs by
scenario in KC showed that the scenarios of bicycle, car, weed control, weed whacking, child playing in the dirt, and physical
training fell within 1x 0°- 1x 10, which is the acceptable range of ELCR. The scenarios of motorcycle, walker, digging, and
field sweeping, however, exceeded the acceptable range. In SS, only the scenario of car fell within the acceptable range, while all
of the other scenarios exceeded the acceptable range.

Key words: asbestos concentration, activity based sampling, excess lifetime cancer risk.
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ELCR : Excess Lifetime Cancer Risk, the risk of
developing cancer as a consequence of the site-related

exposure

EPC : Exposure Point Concentration, the concentration
of asbestos fibers in air(f/cc) for the specific activity being

assessed

TWF : Time Weighting Factor, this factor accounts
for less-than-continuousexposure during a one-year

exposure

IUR : Inhalation Unit Risk(f/cc)'1
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Table 1. Time Weighting Factors(TWFs) for Exposure Scenarios.

Area Exposure Scenario Hours per day Days per year TWF
Continuous 24 365 1

Bicycle 1.4 219 0.0350

Motorcycle 1.3 248 0.0368

Car 1.2 243 0.0332

Cultivator 2.7 91 0.0280

Kwangcheon Walk 2.0 347 0.0792

Weed Control 39 40 0.0178

Weed Whacking 2.1 60 0.0143

Digging 4.0 42 0.0191

Child Playing in the dirt 2.0 350 0.0799

Physical Training 1.5 70 0.0119

Field Sweep 1.0 178 0.0203

Bicycle 1.0 95 0.0108

Motorcycle 1.0 72 0.0082

Car 1.0 164 0.0187

Cultivator 2.1 81 0.0194

Walk 1.1 172 0.0215

Boryeong Weed Control 3.0 50 0.0171

Weed Whacking 1.7 47 0.0136

Digging 2.2 51 0.0091

Child Playing in the dirt - - -
Physical Training - - -

Field Sweep 1.2 98 0.0134
" Time Weighting Factors
2oo e mheFRSelA AR Ayst o MRxAATE sgom 7t thael Auel X
of AIZF Hle= AAs o] AE olgsto] 24zt Z X=F A9 dA9¥ k=F V7S sty 245t
o) AlfE o] sjFets wEITE AT hoursiday  GlCh(Table 3).
o} days/yearg 733 3l(Table 1), ofefjo] =45 o] IRIS dlo]EHo]L= A[&HAQ1 Eof gt TUR
&t ATSASE A8k & 023(flec)' & o] 7Hx] AlvhE]eof g TURS
AN JATHEPA, 1986; EPA, 1997)
Exposure time Exposure frequency
TWEF = (hour exposed/day) .  (days / year) 4H AR EA
24 365 S35 AR SPSS 12,02 o] gate] EAshrt
97l % AU e g XS o uel B
@ IUR HAfsee 71stE e st EEaE Gl
IURE 1]3 @AREstol B4HeR USHT  nuo 3] 2 4] thstel BATAF A3} 1
U= A=A dlolg o] Al ST YEAIAH A A AL 2po| 2 Hrlela, 37] = HE9F ABSO|
(Integrated Risk Information System, IRIS)-& %313} o3t =z o] zlo|o} = AR AU e 7+ 2}
QST (EPA, 1988), Alvte] Qo] what FAk Ak o] H7| 935}9] one-way ANOVA2} Duncani-4-&
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Table 2. Inhalation Unit Risks(IURs) for Exposure Scenario

f/cc(PCM), 0.0015 f/cc(TEM) 0] 2.0, A1A53AF 2] <]
o di7] ¥ Awe HsEE PCM, TEM L%
0.0012 flcc® FHZAR AQu} Al 3g4EA] S 9] tf7]
% AW Bdsss FAZSR ot 2ozt §l9l
tH(Table 2).

3R SN HE0] QB B s

B WA AT B AU A
ool B4 2ol gt AW =% Hwo] A 7|
SEF-L 0.0078 flec(PCM), 0.0070 flec(TEM)o] 1Tk,

B Aol N B BE| o3t Y F
=T 0.0048 flec(PCM), 0.0042 flec(TEM)O] G0,
A Aol BA Tl olgt Ame B
ZX 0.0137 flcc(PCM), 0.0125 flcc(TEM)o| QL. =
4 2ol g AW WRsmE ANTA Aol
SAHOR G5 EeThTable 3).

ol

Area Exposure Scenario Age at first exposure(years) Exposure Duration(years) IUR (f/cc)-1
Continuous 0 lifetime 0.23
Bicycle 28 23 0.048
Motorcycle 40 21 0.025
Car 20 9 0.025
Cultivator 40 28 0.029
Kywangcheon Walk 16 46 0.1
Weed Control 22 42 0.076
Weed Whacking 49 17 0.013
Digging 25 45 0.069
Child Playing in the dirt 4 3 0.033
Physical Training 8 8 0.062
Field Sweep 20 20 0.019
Bicycle 44 25 0.02
Motorcycle 49 23 0.02
Car 44 18 0.017
Cultivator 37 30 0.034
Walk 24 46 0.072
Boryeong Weed Control 23 43 0.072
Weed Whacking 42 21 0.025
Digging 24 44 0.069
Child Playing in the dirt - - -
Physical Training - - -
Field Sweep 26 42 0.063
http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 72-81
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Table 3. General characteristics for excess lifetime cancer risk estimation

Hours per Days per Age at first Exposure duration
day(d/y) year(d/y) exposure(years) (years)
Area Exposure scenario N Mean+S.D
Bicycle 12 1.4+0.7 218.6+133.6 27.5+10.3 23.2+14.5
Motorcycle 12 1.3+0.9 248.3+127.3 39.9+10.3 20.8+12.9
Car 35 1.2+0.5 190.7+86.7 20.2+15.9 9.1£7.0
Cultivator 17 2.7£1.5 91.3+106.3 40.4+13.5 27.6+11.5
Walk 48 2.0+1.4 347.2+72.0 16.4+9.6 46.3+20.9
Kwangcheon Weed Control 50 3.941.6 40.3+20.1 22.4+14.0 41.5+£20.6
Weed Whacking 19 2.1£1.5 60.2+31.1 49.3+12.3 16.94+6.2
Digging 38 4.0+1.5 41.8+14.9 25.2+14.6 45.4+17.5
Child Playing in the dirt - - - - -
physical Training 22 1.5+0.5 70.0+0.0 8.4+2.0 8.6+2.0
Field Sweep 42 1.0£0.0 178.3+123.3 20.4+11.9 46.8+19.6
Bicycle 13 1.0£0.0 94.6+45.6 43.8422.8 24.94+20.8
Motorcycle 9 1.0£0.0 72.2+37.7 48.9+17.1 22.8+16.0
Car 8 1.0£0.0 163.8+78.9 44.0+18.3 17.5+11.5
Cultivator 9 2.1£1.4 81.1463.9 36.7+15.5 30.2+12.7
Walk 49 1.1+£0.3 171.7482.9 24.3+18.9 45.6+18.4
Boryeong Weed Control 45 3.0+1.4 49.7+26.6 23.3£12.5 43.2+14.6
Weed Whacking 27 1.741.3 47.0+£22.1 41.8+14.4 21.0+£7.9
Digging 27 2.2+1.8 51.1+16.3 24.4+14.6 43.5+15.8
Child Playing in the dirt - - - - -
physical Training - - - - -
Field Sweep 45 1.2+1.3 97.6+36.3 26.0+16.0 42.2+16.7

4 XHo|ECH7| ZMH E ST

B Q0] 7] F Are] BEsEs 0.0014
flec(PCM), 0.0015 floc(TEM) ©| 30, Al43AL %]

o 971 =

Aol PsEl PCM, TEM RE

0.0012 floc® AR o3} 41434 2] tf7]

Table 4. Airborne asbestos fiber concentrations by season

% AW FErEt SAY0RE o3t Rol7t §lgl

tH(Table 4).

5. XY SY S0 2 M L ESE

o] WHBA A|elat we ol

A HILAL 2

A= E |

pul

Table 5. Activity based asbestos fiber concentrations by area

GM(GSD)* GM(GSD)*
Area Number of Asbestos fiber concentrations Area Number of Asbestos fiber concentrations
samples samples
PCM(f/cc) TEM(f/cc) PCM(f/cc) TEM(f/cc)
Kwangcheon

Kwangcheon 110 0.0014(3.22)  0.0015(3.18) e 98 0.0049(3.29)  0.0042(3.18)
mine

Sinsuk mine 119 0.0012(2.40)  0.0012(2.39) Sinsuk mine 83 0.0137(9.44)**  0.0125(9.53)**

229 0.0013(2.82)  0.0013(2.80) Total 181 0.0078(6.20) 0.0070(6.19)

* Values are given as the geometric mean with the geometric
standard deviation given in parenthesis

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 72-81

* Values are given as the geometric mean with the geometric
standard deviation given in parenthesis
P < 0.01
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Figure 1. Estimation of cancer risk for scenarios 1-11 in Kwangcheon area: mean and 95% upper confidence limit
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