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ABSTRACT

Objectives: The present study is aimed at performing real-time measurement of fibrous materials using an F-1 fiber monitor, investigating
the correlations between the measurements and environmental conditions, and assessing the feasibility of the use of the monitor in actual
exposure assessments based on the accuracy and reliability of the device.

Methods: Asbestos specimens with a fixed asbestos content were dispersed in a chamber and collected with a particle measuring test device.
Measurements obtained by the existing PCM method, and with the F-1 fiber monitor were compared. In addition, concentrations of asbestos
fibers obtained by the PCM method, the TEM method, and the F-1 fiber monitor were compared with that of specific ABS scenarios in
NOA regions. Correlations of asbestos contents in soil and weather conditions with each method of measurement were analyzed.
Results: Laboratory results showed that levels of asbestos fibers measured with each method increased as fiber contents in soil increased.
In the accuracy and reproducibility assessment, no significant differences were found between the different methods of measurement.
On-site assessment results showed positive correlations among the methods, and these correlations were less significant compared with
what was shown by the laboratory results. Levels of asbestos fibers increased as asbestos contents in soil increased, and as temperature
increased. Levels of asbestos fibers decreased as humidity increased, and wind speed did not significantly affect the extent to which
asbestos fibers were scattered.

Conclusions: While it would be premature to replace existing methods with the use of F-1 fiber monitors in real sites based on the results
of this study, the monitor may be useful in the screening of the sites, which assesses hazard levels in different regions. Replacement
of existing methods with the use of F-1 fiber monitors may be possible after the limitations identified in this study are overcome, and
additional assessment data are obtained and reviewed under different conditions to confirm the reliability of the monitor in future research.
Obtained assessment results may be used as basic data for the assessment of asbestos hazard in NOA regions.
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Table 1. Sample preparation by mixing asbestoswith soil(lab scale) (g)
Content(%) Asbestos Soil Total
0.01 0.005 49.995 50.000
0.05 0.025 49.975 50.000
0.1 0.050 49.950 50.000
0.5 0.250 49.750 50.000
1 0.500 49.500 50.000
HAZ 2 u|=t RTI International 2 -8 SH % 3 /S’l ToJ%l= 50 mm 71 (cowl)T} personal pump(GilAir-3,
HAZL o] 83} o EFLS 60 mesh(250 pm) 3 Gilian, USA)E 23t t}2 2 L/ming] oz &
S olgstel AVFEE AN The HEAR 018 | AZ B ARE EUSHOH Feyol 4T

=
aFoleth A& 0.01%, 0.05%, 0.1%, 0.5%, 1%2] A¥
582 72t 2 sho] A|ZsFg tH(Table 1).
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Figure 1. Dust testing apparatus for measuring particle
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o, olof uel F-19] H4E WA the BAE A
Algtach ARo ZHLe T2 0.8 um A7 25 me
MCEMixed Cellulose Ester) Z &7} YAEo]9l= 50
m  7FE(cowl)S personal pump(GilAir-3, Gilian,
USA)o| d143}e] 2 L/min®] §5Fo & 30 E7F 3
a}y\ouq F-1 E3F 3t Qekn} 2olsl AJ7HEQH
A A 5FAtH(Figure 2).

AUE 9 ARAS Fels)

sfal Ao
(Relative Difference, Rp)2} W-5A4>(Coefficient of
Variation, CV)E AAFste] AAIFG L, Rpe} CV

AHE W2 o= Zti(Equation 2, 3).
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Figure 2. A schematic diagram of the instruments used for the experiment

|[C—H
Ry = <1002
C: 3oz &ld A4 549 5= (PCM
)
R : F-1 fiber monitorofA] &A= A& &2
=
g
CV=—=x100----3)
xr

ABS Al Ube] 2 A%
e 7M=L

o o=

B o] 5=

AHA] A FobgdAl =¥ NOA A9 12 2|9
Al F-1
Figure 3).

B7h= ohdE 71 AR sk sk 24
9% 742 8% UAIsgch ABSE UF B4R 5
(United States Environmental Protection Agency, US
EPA)O A AJAIGE 2] 2K(Standard  Operating
Procedure, SOP)of| &3}o] EoF w#&E = u]Abo]
714 wol Bl Al eql 1lu7] 4e Agsto]
A8 tHFigure 4, 5).

F-10] 2838 factor= 1.682 F2IEQlon o]
23t o B7HE AAEch AR 2HE I

Table 2. Sampling points(address and Coordinate) within NOA area(field scale)

No. Address Coordinates
1 290-1, Jeon-gok-ri 36.950452 N 128.189493 E
2 290-2, Jeon-gok-ri 36.950485 N 128.189074 E
3 290-3, Jeon-gok-ri 36.950140 N 128.188967 E
4 274-1, Jeon-gok-ri 36.949192 N 128.188684 E
5 274-2, Jeon-gok-ri 36.949027 N 128.188917 E
6 274-3, Jeon-gok-ri 36.948745 N 128.189073 E
7 274-4, Jeon-gok-ri 36.949394 N 128.188774 E
8 274-6, Jeon-gok-ri 36.948748 N 128.189187 E
9 124-1, Gugok-ri 36.950420 N 128.184035 E
10 124-2, Gugok-ri 36.949657 N 128.183824 E
11 125-1, Gugok-ri 36.948420 N 128.183066 E
12 125-2, Gugok-ri 36.948330 N 128.183200 E
http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(3): 245-256
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Figure 5. Photographs of Activity Based Sampling(ABS) and F-1 monitor
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Aol A =215 A== SPSS system version 18.02
o1 ga1900] 7} S Belo] el Algak BHe
Fee B, FFHAE AASFITE PCM W T} F-1
S A3 TEM S F-1 24 gre] wlm Anke
Shapiro-Wilk testES Z3] FAHA4 AAHS AATT &
paired t-testS AAI5t] FAA {945 2lstoirt
uE Wk ATk A9 R A0, A
W4 W7k ATk MEARCY)Z AN ZH
H 7Fo] AFHA]-S Pearson’s correlation coefficient H-4
S AA5FR o, A& A(linearity) T} 2] AX}5H (least
square method)S £35}¢] 3] Al(y=ax+b)i} AAA 4
(Coefficient of Determination, R?) 2 A A| 3}t =3k
T} 3] -4 (Multiple regression analysis)& A A|5}o]

[e]

o o

O — N — N — =) =
IEDEEE:
A A SOEEE:

=91 0.01%2] 7% Htgke] 0.086
0.005 flcc2 FlE|glom, 714 Ixw2l 1%2] 4

2) B4 v 7} v o g 7}H(Lab scale)

A 3 A Y &x&= 21.7-2347C, &
2.0-68.0% &2 G-A =ik B7F Aol A AR

ahirgol F7kel wet 7 24 Wl o
A 5% gko] Z78HATHTable 4).

AHA HAA ol WE paired t-test AA] AT}, PCM =
W} F-1 Blalof A= TAH SR F98t3thp=.042).
3|4k TEM 33} F-1 v oA EA4 502 9.9
3}4] 2FQFTHp=068)(Table 4). PCM H} 7} F-19] Aboh
B oA =897, TEM Haa} F-1 =840 7}3F oF
o] AAZ Sl ATHp<.001) (Figure §).

274 wilo) AUE BAE 915 A e KRy)

Ao A= PCM Hju] 54.1%, TEM tju] 57.3%2]
LAES T = USItKTable 5).
A& B7HE g HEARCY) =l Aol A

Table 3. Result of equality test of each sampling port for measuring particle(lab scale) (f/cc)

Content(%) Port 1 Port 2 Port 3 Port 4 Port 5 Port 6 MEAN+SD
0.01 0.091 0.084 0.086 0.091 0.079 0.084 0.086+0.005
0.05 0.097 0.087 0.101 0.094 0.098 0.087 0.094+0.006
0.1 0.109 0.128 0.140 0.093 0.105 0.101 0.112+0.018
0.5 0.382 0.302 0.348 0.316 0.362 0.334 0.341+0.030

1 0.668 0.692 0.617 0.663 0.681 0.714 0.673+0.033
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1.2 9 0.20 1
@ 0.01% Asbestos content @ 0.01% Asbestos content
++O+ 0.05% Asbestos content ~.O- 0.05% Asbestos content
1.0 4 =W+ 0.10% Asbestos content 0.18 1 ~w- 0.10% Asbestos content
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0.8
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= = 0.12 A
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o T v 0.10 o. O ey v
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0.0 T T T T T T 0.06 T T T T T T
Port 1 Port2  Port3  Port4  Port5  Port6

Port 1 Port 2

Port 3

Port 4

Port 5 Port 6

Particle Generator

Particle Generator
Figure 6. Distribution of fiber concentrations measured at each port Figure 7. Distribution of fiber concentrations measured at each port
in the chamber(all asbestos content, lab scale) in the chamber(low asbestos content, lab scale)

Table 4. Results of airborne asbestos fiber concentrations by asbestos content in soil(lab scale)

Content Temp.  Humidity PCM TEM F-1 p-value
(%) (©) (%) (flcc) (flce) (free) PCM vs F-1  TEM vs F-1
0.01 3 21.7 68.00 0.074+0.012 0.080+0.013 0.098+0.040
0.05 3 22.3 66.00 0.097+0.013 0.086+0.013 0.120+0.095
0.1 3 22.8 65.00 0.123+0.019 0.121+0.021 0.184+0.137 .042* .068
0.5 3 23.0 63.00 0.332+0.040 0.349+0.061 0.394+0.084
1 3 23.4 62.00 0.473+0.049 0.453+0.065 0.612+0.171
Average 0.0 0.00
* p-value < .05
1.0 1.0 q
0.8 A 0.8 1
g 061 3 061
< S v
o 2 ‘
& 04 £ 04 1 v
Slope = 0.655
pe Slope = 0.610
r=0.897
0.2 - 0.2 1 r=0.840
s
0.0 T T T T 1 0.0 + T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
F-1 (f/ce) F-1 (f/cc)
Figure 8. Correlation analysis between the traditional methods and F-1 fiber monitor(lab scale)
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Table 5. Relative differences of asbestos concentrations between measurement methods(lab scale / RD, CV)

Content RD RD CV(%)
(%) ! (PCM_F-1) (TEM_F-1) PCM TEM F-1
0.01 3 32.8429.3 31.1£20.0 15.9 16.2 41.2
0.05 3 82.8479.2 70.6+63.5 13.7 15.1 79.7
0.1 3 97.4491.9 114.2+94.7 15.6 17.4 74.4
0.5 3 26.6+34.2 19.4+12.8 12.1 17.4 21.4
1 3 30.8423.5 51.1£31.7 10.4 14.3 28.0
Average 13.6 16.1 48.9

Table 6. Measurement results of asbestos concentrations in NOA area(Jecheon, Korea) and environmental variables(field scale)

No. Temp. Moisture  Windspeed ?;E?;::: PCM (flcc) TEM F-1 prvalue
(0) in so0il(%) (m/sec) in soil(%) (f/ce) (f/ce) PCM vs F-1 TEM vs F-1
1 18.70 6.60 1.04 2.75 0.019 0.009 0.021
2 17.50 3.25 1.32 3.75 0.049 0.016 0.004
3 20.00 5.64 1.46 1.50 0.036 0.033 0.112
4 20.90 6.87 1.47 1.50 0.036 0.038 0.106
5 21.50 3.21 1.68 225 0.040 0.024 0.077
6 20.20 7.34 0.68 2.50 0.035 0.033 0.102
.035%* .042%*
7 13.40 9.95 2.04 1.50 0.005 0.004 0.030
8 16.60 5.62 1.41 1.25 0.008 0.002 0.030
9 19.30 7.41 1.48 0.50 0.018 0.011 0.021
10 23.20 4.17 1.38 3.00 0.064 0.053 0.059
11 23.60 4.30 1.93 5.25 0.079 0.062 0.154
12 22.90 4.28 2.47 3.25 0.056 0.076 0.003
* p-value < .05
= PCM ol 13.6%, TEM HHo| 16.1%, F-19] HYo =3L7ke] =7|7F &

48.9%= Ho] 7]1Z ®H¥o| vg] F-1 237k W%

o] Agt Ao g o= QTHTable 5).
2. 8% "ot 2ot
1) 4] w7+ v) 2 % 7}(Field scale)

HAo] 2l 134-23.6C, HE= 31.3-76.6%, &
220 (.68-2.47 m/secE EQ1E| I tHTable 6).

AHA AA | W= paired t-test AA] A3}, PCM
Tl F-1 d)a, TEM 9Tt F-1 vlas 5430

0

2 903} TH(p=.035, .042)(Table 6).
Ay B4 ATl HE PCM L F1 vl
A =682, TEM 23} F-1 H|ZoA =469 2o

HATp<05). FF F7F A Fo AuHAE

ah
L
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AL §_'].Q_‘§j_l- BN %ME}(Flgure 9).
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ZF W7k A A skl nAs e 2Ig
Ayt= 23t Zti(Table 7, 8, 9). Durbin-Watson 7
S 53 5944 £404+= PCM, TEM, F-1 K&
1~3 Afo] Zh& Hof zpr|idato] gl AR SQIE
ATH1.870, 2.521, 2.208).

54 2 Ao A= B U AHRE,
e, EF U &g, 59 24 A Variance
Inflation Factor, VIF)7} 10 oj@to 2 Q1% o] tf53
AAo] WrAPSEA] oF9kth(1.595, 1.682, 1.906, 1.035).

ABS AA| & PCM W o2 BEAY Ailox= E

Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(3): 245-256



A MMEX| ol E£QF L MHEREO WE H|MMH s=HIL 263
0.20 1 0.20 1
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o . 2 .
* v
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e .
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0.00 +—2 . . . . 000 Yo . . .
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
F-1 (f/ce) F-1 (f/cc)
Figure 9. Correlation analysis between the traditional methods and F-1 fiber monitor(field scale)
Table 7. Multiple regression model for measurement condition vs PCM analysis result after ABS(field scale)
Unstandardized Standardized
Depgndent Indep‘endent coefficients Coefficients p-value VIF
variable variable
B SE B
Constant -.062 .028 .063
Asbestos content in soil(%) .009 .002 492 .009 1.595
ABS PCM Temperature(C) .004 .001 525 .007 1.682
Moisture in soil(%) -.001 .002 -.089 .570 1.906
Windspeed(m/s) .004 .005 .076 .509 1.035
y = -0.062+0.009x,+0.004x,-0.00 1 x5+0.004x4
Multiple regression model F=19.763*, R>=.919, adj R*=.872
Durbin-Watson 1.870
* p-value < .001
Table 8. Multiple regression model for measurement condition vs TEM analysis result after ABS(field scale)
Unstandardized Standardized
Depejndent Indep.endent coefficients Coefficients p-value VIF
variable variable
B SE B
Constant -.056 .054 335
Asbestos content in soil(%) .008 .005 420 122 1.595
ABS_TEM Temperature(C) .003 .002 388 158 1.682
Moisture in soil(%) -.002 .003 -.143 .600 1.906
Windspeed(m/s) 011 .010 211 309 1.035
y = -0.056+0.008x,+0.003x,-0.002x5+0.011x4
Multiple regression model F=5.242%, R*=.750, adj R*=.607
Durbin-Watson 2.521
* p-value < .05
Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(3): 245-256 http://www.kiha.kr/
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Table 9. Multiple regression model for measurement condition vs F-1 fiber monitor result(field scale)

Unstandardized

Standardized

Dependent Independent coefficients Coefficients p-value VIF
variable variable
B SE B
Constant -.129 134 369
Asbestos content in soil(%) .010 .011 306 420 1.595
ABS_F-1 Temperature( C) .007 .005 .534 189 1.682
Moisture in soil(%) .002 .008 121 766 1.906
Windspeed(m/s) .003 .025 .032 914 1.035
y = -0.129+0.010x;+0.007x,+0.002x5+0.003x4
Multiple regression model F=1.375, R*=.440, adj R’=.120
Durbin-Watson 2.208
o o) HUFAET LE A FANOE GOt AP L A P19 BY o] A 5HL L
AOLH(p=009, 007), B W] T4-87 T A AwAgel 2AR AN At
£ EAYeR fo5ka RTip=570, 509) PCM  F-19] ¢ Ag4 B2 47o] 1 Aol 2
5349 A= FARCE sk thp<..001) T8 ARG A7 AR AR 28] dolrt
(Table 7). A4 G2 HA o] 7 X thkLee et al., 2014). E3F ¢
ABS AA] & TEM Wilo s ZA4E Ao & AR AR ol A Hol, & olE 2= A
< WA SAFeR f{ostAl Fthp=112, 4 =due Aste] 2457 wiZel vidRd =
158, .600, .309). S}A TEM th5-3] 742 %% F ol thg Rao] = Aoz S49 Hg=
e 5242, F$oI8HE)e 028, Adj RiE 6072 ©F 7} b el Qiok & Aoals AEA ol
374 A $AMCR felatdrkTable ). A POM W3t F-l 2 gkake] AREAY} =8072
F-1o02 248 Adel At TEM it $A48A  shlsgleh. ol AAskA SAE AEA i 24
RE WpelH BANOR RoekA Rodthp=420, 3 9RFAo] =EH A kS chamber A U
189, 766, 914). F-12 AL A9l BA o] AAHU]e] ol9h 2 ARl ekt AR

Aoz FofstA] G UTHF(+22H-E)=.368)(Table 9).

[l

AAAF EAe] ANZF ZAol HARKLight
scattering) ¥}4]0] 2 g-Elc}. aket

240 El(Hinds, 2012). $12] AFZF 2L Mie o] &
ofslf A= (Mie, 1908), o] o2 7% UAHER
et AFY YA Aol Hgol bssit
(Espenscheid et al., 1964).

F-1Z o]-&sto] A& AW 37 § A 528 &
A Aol At ABA ol 4 PCM T F-1 =
Agkarel vl A RP=8852% 2l w| irh(Lee et
al,, 2014). o] Ao M= 4 G0 E4 factor
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=9k,

AR BB AR o SHE CVE B
Ao A= PCM RO ¢ 13.6%, TEM "
AL 16.1%, F-19] 73S 48.9%=2 eyttt nj=e
FM-74001} % =-2] Fibrecheck(FC-2)E H| 13t ¢+19
Az AA A4 CVZE 20% B]Te g2 LEREA] T
(Kauffer et al., 2003), &2 A LoA = F-10] & HES
Hol 7]& ol g Ao vl fEdo] W
gl 4= Sdslok

E3H POM W9 A8 SE7t Sold4s Vit
Wolxl AE BHelT 4 Uitk AW BAEe
PCM H}%-& NIOSH 7400“A” methodo] %3}l 4]
o ol o] ME B4 A AdEE Ae 47
WesE, Aol B4 BEo] 47h SEeE

1o fo ok
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AE o] /9l -49-213%9] H-EH 9ol gzttt
(NIOSH, 1994). NIOSH 7400 methodo]| A= PCM £-4
A1) Zd 100 70 AR 5 Al 2) ST BEOIA
AlgEl= A 71 100 BiAof gk 785
of A= A 7R Al 3) Aleshs BEs FHa
0 ZE o4 2 100 B=AAE EAsH=S il
At} wEhA] PCM 3t BlarE] 7] A= Aa
AR =8 27 AR At Aol FEs
st Efofof Fhrhal Atz ETh

Aol A HAIE F7F Aol A PCMI F-1312] 4
A B4 7%} =0.682% &2l %| ¢l o™, TEM} F-13}
o] Abb B Aub= 1=04690 2 SIE et @At
Aol Aol mls| Aol =4 Utk
& AEAY gy Ao F3FS ujA
3t s aqlo] EASHAL Ql7]ofl o9k &
e de o AT AR ED
Kim et al.(2012)9] A-ollA ESF W F=p&of whet
A HAG-9] oFo] AR E|X[ul, oF 5.0% ©]3}
o w2 % FeoMe B $ Audhe sl
371 5 A Jé% T I gl Aler el
2 A= SHE BEG W el
3.21-9.95%0]‘212 , 24 A3 EoF | g8 o}
]

j_rle:

[\
o
-

=

442 249 HUAS FE/b dobgod B
e ARG SR BAHOE GO AT

Fl

13 4-23 6C A}o] %57} Aol a 2 SET)
srobdoll met el wge] mEe] A v
st obA w7} % A =49 Ao Ardc

Hodoa A" F45o HYE 0.68-2.47
m/seco] ] AWHAF Frol T4 ATAL =3
Afon EAZFOE HO|FIx

&8
= 20
o

201148 =3 T AL AAE Eok = 49
HF2 A% (Lee et al, 2011)01]/\1 o]ojo] Ziuloz
= Woll T AU vAA AT s vkt

o2 ABS AUE|es} o] Eal& o <3t
B WABES A& ddolztn Ao

olgtha Wekeoleh. whebAl AW Hlako] Fol
MAE AR SR 4 gl F7HAe A7t B
aspcha A=,
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H Ao A= F-1 fiber monitorS ©|-838lo] =%
Z A0 Ao w2 Ao AlFA "W AA k=
2971 A8 Hsde BrsnA st

Lo AEA Bl Az AR HHEes 5
7}oll w2} F-1 fiber monitor iﬂﬁi 7]§ v 0]
PCM, TEM =¥} oFo] ArtAE o1} As
T 9 A= 7]E Yol Hs| ”71] QO‘EI it

2. @A B7}ol| A F-1 fiber monitor 37 7]&
Wigoll vis =A FAENCH AP F7lol| vs)
W slel 3717 Asek

3. 3 HEA YA PCM, TEM thE3|fedS
o7 GOo5FAqt F-1 fiber monitor= =A%
= Holx] gigtrh

O:

http://www.kiha.kr/
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