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To investigate the quality of surface water and groundwater, and the airborne asbestos concentrations in
ambient air near the Dong-a inactive mine, 21 water samples and 20 airborne samples were collected and ana-
lyzed. As a result, Anthophyllite fibers were detected in monitoring well at the quarry and no asbestos fibers
were detected in other groundwater samples. On the other hand, 8 samples among 13 groundwater samples
exceeded the standard for drinking water, especially for F~ and NO;-N. Analyzed by PCM, the concentrations
of airborne fibers in ambient air without site activity ranged between 0.0025 f/cc and 0.0029 f/cc at 8 samples
of 20 airborne samples, below the guideline for indoor air quality (0.01 f/cc). However, additional airborne
sample results by PCM indicated higher concentrations (0.0025~0.6130 f/cc) of fibers in the air based on four
site activity scenarios (i.e. plowing, sweeping, weeding and grass cutting). Even though asbestos fibers were
not detected in the ambient air samples by transmission electron microscopy, airborne asbestos fibers can be
exposed to ambient air by agricultural activities. Therefore, in order to identify potential impact on surrounding
receptors owing to airborne asbestos caused by site activities, site-specific studies such as risk assesment based

on activity-based sampling are required.

Key words: Asbestos, Inactive mine, Naturally Occurring Asbestos (NOA), Phase Contrast Microscope

(PCM), Transmission Electron Microscopy (TEM)
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Fig. 1. Location map of water samples in the Dong-a inactive mine.
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Table 1. Transverse Mercator (TM) coordinate of surface and ground water sampling locations

N EL B S = A% A% VA
X Y
1 F1 RS 126,44,10.8 36,33,29.2 126648.3075154 384419.1716564
2 F2 34 126,43,40.8 36,33,40.8 127537.0945465 384482.4461230
3 F6 =F35 128,11,40.3 36,57,41.5 128266.8062426 385046.6017844
4 F3 S 128,11,48.5 36,57,21.5 128464.4677936 384428.3337684
5 F5 S 128,11,27.4 36,56,52.1 127934.7434740 383526.4151263
6 F4 e 128,12,21.2 36,56,44.6 129263.9973154 383284.0117005
7 W1 A= 128,11,31.8 36,56,36.5 128039.5440226 383044.5788188
8 w2 A= 128,11,31.8 36,56,36.5 128039.5440226 383044.5788188
9 G09 AHA] FAHE o) 128,12,15.2 36,56,35.4 129113.1644632 383001.6359648
10 G10 AAA] AR g 128,12,17.9 36,56,32 129179.1005052 382896.2638421
11 GO01 AHA] FAHH Ak 128,12,04.3 36,56,34.3 128843.1629811 382969.9809531
12 G03 AHA] A AT 128,11,36.9 36,56,46.9 128168.4471164 383364.1184459
13 G04 AHA] A AT 128,11,35.3 36,56,48.8 128129.3572853 383423.0263253
14 G11 AHA] FAHE Fakg) 128,11,09.7 36,56,07.2 127484.9784898 382145.9796985
15 G08 AHA] FAHH Ak 128,11,01.9 36,56,01.4 127290.4176853 381968.8295795
16 G02 AR GAbA A2 128,12,04.6 36,57,00.2 128857.2829288 383768.3563022
17 G07 ARAA] FAPE &4 128,10,24.9 36,57,08.6 126392.7137432 384048.3403632
18 G06 AR GAPE A4 128,10,36.5 36,57,32.7 126686.1409157 384788.8054963
19 GO05 AN FAHE rag) 128,10,40 36,56,40.5 126758.8437828 383178.8488362
20 G13 ARAA FAHE Ak 128,11,31.6 36,56,08.8 128027.3545960 382190.6949012
21 G12 AAA] A Y] 128,10,17.5 36,56,01.0 126191.5190272 381965.9752074
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Table 2. Analytical results of groundwater samples

Ngd w4 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
FE F AR AW AF AR AW AF AR AW A AR Ad AR Ad Ad A
L 1.5 N N N N N . .

) oy EAE 024 ¥ 019 23T ¥PE 017 2uF 017 2HE 07 02 ¥PE 23 142
NO,N 10
2. 1. . X . ! . . X
(mg/L) o)5 3 6 66 116 2.7 39 2 49 105 61 35 127 21 32 1
A= 300
N 381 424 327 292 350 337 310 221 259 148 250 328 292 236 49
(mgl)  o]s}
KMnO, 10
2 ! 1. 1. 1.2 1L § . . . . . . .
(mg/L) o)3 8 66.6 6 6 3 14 2 1.7 1.5 25 1.7 1.3 1.2 0.9
aesols 7 M6 $uE 2 $0% B0E H0% 20T 20E W0F 1 208 $0E B0E 203
(I;};‘i) 3 oJst 0114 0.05 0.023 0.012 0.006 0.007 0.004 0.003 E74=% E4= &74= 0.003 0.004 0466 0.025
Qaole 250
il 11 4
(mg/L) o)5 5 6 8 3 6 9 18 4 5 12 3 5 2
sEAE 502 503 1414 372 359 358 357 328 262 342 201 304 430 296 270 112
(mgl)  o]s}
(I\?—I‘JI_J) 103 541 625 11 534 069 012 004 002 E4= 015 016 001 4= 24 005
Fibol2 200
19 2 nm 2 19 21
mgly oz 7 8 19 28 9 32 25 20 42 9 22 12

TE ¥Aske Svk xx}(xl—? F3H slejMe] 7+ sk w9t AFE] f1E A shkee] 9ol o] 8H

7F 4 FAR FF% TR taid FoRe W o ASGE wE olF Ik wsela] AL Ao
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Table 3. Analytical results of groundwater samples for asbestos by TEM

wapdAEn M9

24 2w =2 w aw c(:z,}-La;ok 'Ev‘i,;HEOa %ﬁ?{%b ‘l‘;;:]" z]a‘tq_d ] P ﬁfeg’]
T (MFLC) 7H fl: o T

1 F1 A4 1 9 14 < 14 0
2 F2 A4 2 9 0.7 < 0.7 0
3 F6 =2F3 2 9 0.7 < 0.7 0
4 F3 S 5 9 0.3 <03 0
5 F5 S 10 7 0.2 < 02 0
6 F4 S 2 9 0.7 < 0.7 0
7 w1 F=2(20m) 0.5 5 5.2 20.8 4 RARSPEPE]-1]
8 W2 F=2(30m) 0.5 5 5.2 15.6 3 EARSPEPE]-1]
9 G9 AZA] S tHEg 50 7 0.04 < 0.04 0
10 G10 AZA] S tHEg 1 9 14 < 14 0
11 GO01 AZA] A S 9 0.3 <03 0
12 GO03 AZA] A A= 50 7 0.04 < 0.04 0
13 G04 AZA] A A 50 7 0.04 < 0.04 0
14 G11 AZA] A S 20 7 0.09 < 0.09 0
15 G08 AZA] b S 100 7 0.02 < 0.02 0
16 G02 AZA] abE A= 20 7 0.2 < 0.2 0
17 G07 AHA] b E2)8 50 7 0.1 < 0.1 0
18 G06 AHAl 4 =4E 50 7 0.04 < 0.04 0
19 G05 ARA] b = 50 7 0.04 < 0.04 0
20 GI13 AR G Salg) 50 7 0.04 < 0.04 0
21 G12 AZHA] A Uig 50 7 0.04 < 0.04 0

a: G.O. (grid opening)

1 fiber x effective filter area of the final sampling filter

b: analytical sensitivity=

¢: MFL (millions of fibers per liter)

number of grid openings counted x grid opening area x volume of sample filtered

d: Result = analytical sensitivity x number of asbestos fibers counted

A3k WellAe] A o]F-g dolrr] 93] Ql9H e
2 AIFS A BEFoIA ok ANAMH
(Anthophyllite)e] =41 20m A HolAE 20.8 MFL,
30m AFME 156 MFL AZ=o] 1= EPA 2-&
71% 7 MFLS Z3s1= Aoz 2AE oL, o
A5 Al AR FollA | ARdR7E 5
Tfrotal e AR FAEC ot A A5
o] A3l FRlo] ARgsRE AL ol o]
Ao AFe] oz Qls) AshElo] S-8olut AEE
2 ARSI e tE AR Askreale Aol

okl =& rfr 4

24
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o o8, APAIE W5 IAgel $xs A=

2 Aol Hjsl] 3], Ggo] HlwA we] e}
doar gt 20109 AE#ZoZ FAME] 9 G2
99 27Y, AES 10Y 230 F=H9len, AH77
22 10.1°C, dutE 29.0°Co| 3, ABFLFH
1,283.8 mme]2ith” Fig. 39| 2010 AHA] vpg
H=E AT EA vk A% 3ol gddt 7ked |

—

rlo

T oo

Mg WEE 2o folth, AmA 4719l 20104
108 ARA 7RSI SAT FEFS AP

A sk
(WSW)olla, AEAFH A% 3354 A (Kestrel
4500NV, Pocket Weather Tracker)® =33l FZ3fo]
AR (WSW)E LFEFRTY

EEERY
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A2 v (PCM)E 4 +
H
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Fig. 2. TEM photographs of anthophyllite fibers in a monitoring well at the quarry. (a) A type of fiber observed by TEM,
(b) Pattern of selected area electron diffraction (SAED), (c) Compositional analysis diagram using energy

dispersive X-ray spectrometer (EDS).
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Fig. 3. Wind rose diagram in Jecheon-si.
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Table 4. Analytical results of airborne samples for asbestos

- PCM &4z} TEM E423
n A BAF A At A M"Y s dAkEd
(fibers) (f/cc) (fibers) (f/ce) AT
. FEARAIE (QArh R L oo . 0,002
£79128:11:40.07 £-9]:36:56:37.02 ' '
2 FEA| AT (Z]%E‘li]/gul’_%l?‘%) 6 0.0025 0 <0.002
£79128:12:00.64 £-9]:36:56:02.94
3 SEAA T 6.5 0.0027 0 <0.002
£79128:11:07.42 £-9]:36:56:30.21
g FRARATIE @EASciess) 7 00029 0 <0.002
£79128:11:37.72 £-9]:36:56:21.51
5 %‘ETX‘“%]_/‘]'/I:&DE (q%ﬁ}-u]—‘—g_—%]?—) 6 0.0025 0 <0.002
£79128:12:15.21 £-9]:36:56:21.12
6 SEADNTAR (AR eS) 2 00008 0 <0.002
£79128:12:25.70 £-9]:36:56:19.53
7 SEARA A 55 0.0022 0 <0.002
£79128:11:34.18 £-9]:36:56:45.70
8 SEAA T bRl o)) 15 00006 0 <0.002
£79128:11:15.80 £-9]:36:55:54.28
9 SEARAIFAE (FF) 5 0.0020" 0 <0.002
£79128:12:02.00 £-91:36:55:49.15
£79128:12:27.15 £-91:36:55:57.45 ‘ '
1 FRARAFA @A) 4 00016 0 <0.002
£79128:11:44.18 +-9]:36:55:57.63
12 %‘ETZ'“%A]ZI:&@ (’”‘J‘ﬁﬂl%@r;ﬁ’é) 2 00008* 0 <0.002
£79128:11:03.53 £-9]:36:55:51.58
13 FEAHATAE GAHA T EARAR]) 7 0.0029 0 <0.002
£79128:10:47.11 £-9]:36:55:54.81
A A FAE EAAAN) E7128:11:25.55
14 FEARATA @BHA) £ 55 0.0022 0 <0.002
B.9]:36:55:53.74
£79128:11:32.43 £-91:36:56:27.35
SEAAA G (YA * .
16 il > o 2 0.0008 2 <0.002  Tremolite
£71128:11:0452 +-9]:36:55:41.13 FEmot
b 233 .
17 Tt sl 1 0.0004 0 <0.002
£79128:11:15.80 £-9]:36:55:54.28
PR ey * :
18 o © S e 5 0.0020 1 <0.002  Amosite
£73128:11:03.53 +-91:36:55:51.58
oralufoE . .
19 AN 4 0.0016 1 <0.002  Chrysotile
£73128:11:40.07 +-91:36:56:37.02 hry
S ] J ®
20 A 3 00012 0 <0.002

573128:11:04.52 £-%1:36:55:41.13
A s A <7 fibers/mm?

%



118 AR - o]FH - AHY - 4E - IRl -

Al A= Wagner 5] A8 Holze]7lgs}
=0 AW FAF FH] gk A<ld], 1956~1959
ol @A 67719 MIFTE T 29710] HAHo|
ek ¥FFA FFAH mFe] o3t AoE RIS
19 kg Frldjsie] tE de Fad sgitel
UE TF A2l Wittenoondl|A ¥4, H7154d0)
A A4 wEol oSt AT TE B g 1

27} Qepien
Qo A7), AAA, Asa '] 5 FHEC] 9
dl

43 Fol) Aele] wet o] 189 4 P AlEx
2 £9 ARAQ 0712 Auzapt a7Er,

ﬂ“

3.2.2. &5ZAANEANF(ABS, Activity Based Sam-

ARk tf7| o] AHe] AZFEAE R, 24
o] EXAF EX| AR S S 9a) WEE= AG
d =2 vat s A 913 S AXEA
) 7B Al ezl migr), ), el
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Fig. 4. Correlation analysis of airborne fibers and parti-
culates concentration.
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