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A Study on Exposure Indices for
Diesel Engine Exhaust in Forklift Operating Areas
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ABSTRACT

Objectives: The objective of this study was to determine the exposure levels of forklift operators to diesel engine exhaust(DEE)
using black carbon(BC), elemental carbon(EC), and nitrogen dioxide(NO) as indicators.

Methods: A total of eight forklift operators in six collection companies were assessed over a period of two months from July to
September 2015. BC was measured using a real-time monitor and respirable EC samples were analyzed using the NIOSH method
5040. NO; samples were collected using a passive badge-type sampler.

Results: The geometric mean of BC, EC and NO, were 3.1-19.1 pg/m’, 2.1-23.8 ig/m’, and 12.5-166.6 ppb at all companies.
When forklifts were operating both outside and inside, BC concentrations increased 2.0-5.6 times. The highest increase was
observed when forklifts were operating indoors. The increase in BC concentrations varied by company(company A: 2.0 times, B:
3.2 times, C: 5.6 times, D: 2.1 times, E: 5.1 times, F: 2.6 times). The geometric mean of BC, EC, and NO, for the forklift operators
was 9.6 pg/m’, 7.9 ng/m’, and 48.9 ppb, respectively. The geometric mean of BC, EC, and NO, for manufacturing workers was
9.3 pg/m’, 0.9 pg/m’, and 85.2 ppb, respectively. The mean BC and EC exposure levels for the forklift operators were slightly
higher than those for manufacturing workers, but NO> levels for manufacturing workers were higher than those for the forklift
operators(p>0.05). Multiple regression analysis revealed that diesel exhaust emissions standard, forklift weight and forklift
manufacturer were the most influential factors in determining worker exposure.

Conclusions: In the DEE work environment, workers who perform tasks within the workplace as well as inside forklifts as
operators are likely to be exposed to a lack of ventilation. Further study of forklift operators” exposure to DEE indicators should
be conducted to include a wider range of occupational and environmental situations, such as collection procedures, seasonal
situations, types of fuel used, and number of forklifts.
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FAE BRItk 7o FhAAk BUL olisheia,
Qibsfeie, AadehE 3 ohtE W JulslE 5
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Aol TE7I=540HES T Hue fES
7} A7)e Aoz vehgthUS. EPA, 2002).

1989 =+A|1L4A(International Agency for Research
on Cancer, IARC)o|A]= DEEE WA 4 3
(Group 2A)2 73t vl ok QI7kS o= o
QAT Aol A, ATEES Ao 3 o
oA WrAo] B BAZ B WO,
o] 2012¥l0]l DEES w]9kS S4ale S8t 2717}
S 29 1T WA Group D AFEA He
o, Sl SRS 2o 4 ol BURE Wis
ATHIARC, 2012)

¥7| % DEEE A&

4 o

o
& =il 27] wiZelth. DEEY| =&g F4d
Ue AFEE EY7RE, data, olMbabE s, 1
M| (PMas) o] AE E]_L 11’/]—(Groves & Cain,
2000; Park et al., 2014). EH7}IES 440}l O
ol QAN WEHE FALAE ERHOD
g 4= gloky ®aE wb QIoKGhim, 2012).
A2 AAG Wt Suw AgHy
F3 24e A Slrs Aol
, ) A o)A =2 HA, &
sb W et o] ALE T Qe mi(Ryu, 2008), 5l
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A A AAA} A5 Al viEE|= DEEo|| X]<&3]
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?JX}% E’gé‘ % BCQ} EC, 7Pi/§ =4 5 NOY =
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A= 84l
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s 89 g 2 ANz 53 Y EN
AR} AT, COlARE Frxe] ARIRL A2E AAR SAYE A AZHEF 247)7)7h B
A AQA7E GedekTable 1), WA E(ayount= Az £7]E 23 AHE YRS SAFES SHerh A
3 AL AR ASH B AT AN 2 A AUAE BASHY AANRSHY ofel
(Figure 1) 2OoR AQNRE HHNGO, 15T YA
AR LAY AFL AA, A5t D LAY wHEHS WA S UES FAGAel A vhea
<= WHEdsta giglen, DoF F AR A AR o 2HE 15 mxHo] F47171E A8tk A
AU 72 AYY ARIA HYL FUSAL. B 7 53 SARACH, ST AYAAH
A 63 B Z|AA @717 ghaol A QA FE FRAZA] S48, 2 SATtolA
UL A W 2UTE B AAATE A4 o) TARE olUEk BIE GBS 22} 1hHe] AR
st qlgich. £AF AAR] A4S 005URE  71|B olgstel BaAME HuE ZYstAw, 573
20149 Apolofl Eargl AARGR o, A AR} A 2A o] MYH= & AFFHEAY A7} R H
£ 23 olgith ASH BAIAE 4E, COF EAYAE o] B2 ZUrE 5ES wlelst] g6 vugls
33E, D& F AFGAL 458 AAAS AHR-SEaL 9l AARR] 912 W FEHE 71583tk AR e
STk ZAPIZE o weke Ay Rel REE BAIS AHste] Aathas HASIEL, WA B
18.0~34.7CH 92 R, At) SELE 44.0-92.8%  (badge type)Q] 4254 A|RAFH 7|2 o|&sto] o|At
2 et 942 Aol AT
Table 1. General information on the selected companies
. Forklift Number of  Number of Tem- Relatve
Company Sampling Volume 3 : forklift manufacturing  perature  humidity
date (WXLxH, m') -y ey Weight - Manu- Number  operators workers 0 (%)
(ton)  facturer P
A 07/20 - 07/24 44x20%8 2005 4.0 A 1 1 5 23.3-34.1 55.1-91.1
B 07/27 - 07/31 50x43x12 2011 4.0 3 3 8 23.1-34.0 49.5-92.1
C 08/10 - 08/14 21x16%x7 2014 33 B 1 1 0 22.2-33.1 49.0-92.8
D 08/24 - 08/28 16x36%9 2014 45 B 1 1 0 24.8-32.7 51.8-71.8
E 08/31 - 09/04 27x18%6 2013 33 A 1 1 0 22.9-34.7 44.0-78.0
F 09/07 - 09/11 18x35%11 2012 4.5 A 1 1 0 18.0-32.7 51.8-71.8
= . . ‘ Plywood ‘ Manufacturing
H ﬂ H ﬂ H ﬂ Py Raw process area
Raw Rew wond materials
material material
o
et
Manufacturing Wood
Personal process area .
:ﬁ:]:ﬂﬂ\i I Personal@
Plywood B oy M::;va‘s .
=) wood
Plywood &= ﬁssggl

Figure 1. The layout of company. Left: Company A, Right: Company B
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=

B A ro)| A AF2E Aethalometer= 0~0.001 pg/m’
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AHgeteich AESIE 720) el 2ol o
wAsoF sh=tl, 7 Algtol Aojel uhet
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2) Y A €4 (Elemental Carbon, EC)

371% EC 54 %2 42 vla=g4tdebd =2
& 51-¥(The National Institute for Occupational Safety
and Health, NIOSH)o| 4] A|A|Sl= 5040HF¥ o whet
AASHATE 37 mm A ) o] 1} X|(Pallflex Tissuquartz
2500QAT-UP, PALL Life sciences, USA)= 1127 7]
z2oA HAYE AASHTE AAE H AHAE
PM, s3] 3 7](PEMs, Cat NO 761-203, SKC Inc., USA)
of Aasta, ZelAl®E A F]7](Aircheck XR5000,
SKC, USA)S} Azistel Al=e A2Iskich Az A
F /% SR A A (Gilibrator TM2, Gilian, USA)E
ArgSto] freke ST A H A oA
A 1.5 em*E Zahy OC-ECE-4]7](Sunset Laboratory
Inc., USA)Z EC 5525 A BAsgon, 1.5 cm’
off Al EAE & AA AFoxo] HHE HHL
2 gHitsto] 2% EC whghs AlAbskit

3) o] A+ 4 (NOy)

3715 NO» 572 HA] Bt =54 Al=x517]
S ARESIALE 54 ARAH Y= A VRS
£351 Sal(diffusion) 7} £ 3K(infiltration) @] Y] = 24
B, ZF31(5x4x1 em’) 71815 g) BEL AU gl
ok A BE A o= MR 7|2} Ho] vz
0 7 sl 3to] NOE AH3E &, 249 A/7HA %
A E3SF= A(UV/VIS Spectrophotometer, Shimadzu
UV-1201)E o|-&35to] AHFia shick

HBFAHP(RE, FE)

ATOE - GRS 2RT & s FUE 7]

Ar2 A A (Kestrel 4500, USA)S AR
= Agazidel Faeel viehn
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Table 2= AF¢J% BC, EC 2 NOY5 =S Ve
BCO] A H-& 3.1~19.1 ng/m’e] = WS HY
i, AARE L@ 7 7P B B ARl 7H
w2 55 Btk BCY A Hat 2.1~238
ngm’e] BE HE B, 7MY e e Wl
AH)% Bo Al 23.8 ng/m’o] ek B AFIAH] EC 45

£ 200397HA] w4 9148 A 271 3] (American
Conference of Governmental Industrial Hygienists,
ACGIH)o| A &A% 27|02 A EC &
= 20 pg/m’'S} B IS ) 2] ZEAT} 71RS 2
a1tk NOY= 12.5~166.6 ppbo] = HE B4
i, B AFgRo] 7P =2 s E UElen 1ot
o2 E AMGA, A AFE o= UETH

2. BQIE 2| 2ot MUK LR BC sE H| I
AARF L] 2AYgFite g R 2
Z WEE Este] Bl BC =5 YeEr ST
(Table 3, Figure 2). 2%} QoA AAAE 23
o B HE WYL 3.7-88 ngm’, G i
N AANE L3 uf FF s HYE 9.3~354
ng/m’o] QT P<0.01). AANE ZGF oA =
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Table 2. Summary results for the exposure levels of BC, EC, and NO> in the companies

BC'(ug/m’) EC(ug/m’) NOx(ppb)
Company Job
N GM(GSD) Range GM(GSD) Range GM(GSD) Range
Forklift operator 1 5 7.1(1.3) 5.5-8.6 4.7(1.2) 3.5-6.4 45.9(1.6) 26.6-89.0
A Manufacturing worker 1 5 55(1.4) 3.6-7.1 3.6(1.2) 2.8-4.4 56.2(1.1) 47.3-65.8
Forklift operator 2 5 189(1.1) 16.5-21.5 15.7(1.3) 11.4-19.5 125.3(1.3) 81.8-154.7
Forklift operator 3 5 188(1.1)  15.3-22.0 23.7(1.2) 18.4-30.2 166.6(1.3) 116.8-211.3
b Forklift operator 4 5 19.1(1.2) 16.1-23.1 23.8(1.2) 19.6-29.4 154.2(1.4) 102.7-206.6
Manufacturing worker 2 5 158(1.1) 13.8-18.9 15.5(1.1)  13.5-17.5 129.2(1.4) 78.3-181.2
C Forklift operator 5 5 83(1.3) 6.8-12.2 5.4(1.4) 4.0-7.5 22.2(1.4) 16.2-35.8
D Forklift operator 6 5 3.7(1.2) 3.1-4.3 2.1(1.4) 1.4-2.9 12.5(1.2) 10.6-17.3
E Forklift operator 7 5 16.1(1.2) 13.3-18.7 13.2(1.1) 11.0-14.4 61.3(1.3) 41.9-76.8
F Forklift operator 8 5 3.1(12) 2.2-3.4 2.1(1.1) 1.8-2.5 13.0(1.3) 9.0-16.4
Forklift operator 40 9.6(2.1) 2.2-23.1 7.9(2.6) 1.4-30.2 48.9(2.9) 9.0-211.3
Total samples
Manufacturing worker 10 9.3(1.8) 3.6-18.9 7.4(2.2) 2.8-17.5 85.2(1.6) 47.3-181.2
"The geometric means of BC were presented by integrated concentration
Table 3. BC concentration according to workspace of forklift operator
BC (ug/m")
Company Forklift operator No running Running outside Running inside
GM(GSD) GM(GSD) GM(GSD) p value
A Operator 1 2.6(1.5) 5.9(1.2) 11.9(1.2) 0.002"
Operator 2 5.2(1.9) 7.4(1.2) 24.0(1.1) 0.006"
B Operator 3 6.42.2) 8.6(1.0) 24.5(1.1) 0.009
Operator 4 7.0(1.7) 8.8(1.0) 25.5(1.1) 0.009"
C Operator 5 1.7(1.2) 6.3(1.1) 35.4(1.4) 0.002"
D Operator 6 1.1(1.1) 4.4(12) 9.3(1.2) 0.002"
E Operator 7 2.4(1.6) 5.8(1.2) 29.3(1.1) 0.002"
F Operator 8 0.9(1.3) 3.7(1.2) 9.6(1.2) 0.002"

The geometric means of BC were presented by integrated concentration
Statlstlcally significant differences(p<0.01) in BC concentrations between running outside and running inside were determined by

student’s t-test

w3t ue] W BC HEIL GA% 2ol
o] B]3f 2.0~5.68] =UTHAILA A: 2.0u), B: 3.2
v}, C: 5.64, D: 2.14}], E: 5.14}], F: 2.64})).

S 3

3. 2728 DEE 5T H|
DEE =7} 27t zpol7t Ql=A] =Rlst7] ¢
st AAR LM A2Ey AR FEsho]
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) 5} tH(Table 4). 2| A2 &499] BC, EC, NOz
w7k 9.6 pg/m’, 7.9 pg/m’, 48.9 ppbol)

AzxF4 Zd=ke] BC, EC, NO; 5= 212 93 1
g/m’, 7.4 png/m’, 852 ppb@ LreERFTE BCS} EC %
T AR LAYl %L, NO, s ARETH
ZAA7E AA A AL v =& sE=E EAA

b golgt 2ol2 LEA] eokehp=0.05).
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Figure 2. BC concentration of company B between running
outside and running inside. A: Forklift operator 2, B:
Forklift operator 3, C: Forklift operator 4, D:
Manufacturing worker

4.DEE =0 ¥&FE 0|X|= 09l

DEE =A% sk JF v|As HeE 24
3}7] 93] DEE =%%|3 =
A5, AAZNETE, A2AD, AA71A &7 87)
THA|(Tier), FHH2E, F5)E SHHFE 44
sto] o3 ARAS é*lé}ME}(Table 5). BC 5%
of FZ vAE= 85 T AAA SFHE=-0.191,

Fl
off
y

ALE Al EOIM CIREATESE =&

o 2

e
ok

AT 43

H

p<0.01)a} vjZE7}2 vl Z]5#A)(8=0.568, p<0.001)o]| 4]
FAALRE FostA YeEbHal, EC skol JFE
0] 2= 2918 AR} A ZAKB=-0.204, p<0.01), A
ARF F7H(B=0.585, p<0.001), Hi=7F Hi7]4+A1(B
=0.813, p<0.001)0]¢lt}. NO, w0 AL njx]=
81 AAR} A 2AKB=-0.265, p<0.01), AA2} F
2H(3=0.813, p<0.001), BiZ7}2 ul7]7FAI(B=0.639,
p<0.001)& Urepytch

DEE& IARCOfA] 15 EefeIxtz k2 =,
?3‘3?]*5‘ e @77 = &
E, ojA8& T T2 S0l dAHe R YEhd
k. ®3$F DEES| %7
71l Aoz Fd-ut JTU.S. EPA, 2002;
IARC, 2012). o] &3t 442 olfroll= AA7HA] &
71% DEE &%=of disto] 2470 AAH w7h=
o, 494 w27|2EAT AW BB o
W oksh A pelA TSR Sk vl EAE 5
(Mine Safety and Health Administration, MSHA)of| 4]
= AU wE27|F0 2 FEA(Total Carbon, TC) &

Table 4. Comparison of DEE concentration between forklift operator and manufacturing worker

. BC'(ng/m’) EC(ug/m’) NOx(ppb)
Occupation
GM(GSD) p value GM(GSD) p value GM(GSD) p value
Forklift operator 40 9.6(2.1) 7.9(2.6) 48.9(2.9)
0.678 0.903 0.869
Manufacturing worker 10 9.3(1.8) 7.4(2.2) 85.2(1.6)
"The geometric means of BC were presented by integrated concentration
Table 5. Factors associated with BC, EC, and NO, concentrations
Independent factors Regression coefficient Standard error p-value Adjusted R?
Forklift weight -0.191 0.035 0.005"
BC s 0.892
Diesel exhaust emissions standard 0.568 0.035 0.000
Forklift manufacturer -0.204 0.056 0.006"
EC Forklift weight 0.585 0.058 0.000" 0.900
Diesel exhaust emissions standard 0.813 0.076 0.000"
Forklift manufacturer -0.265 0.065 0.001"
NO? Forklift weight 0.813 0.065 0.000" 0.885
Diesel exhaust emissions standard 0.639 0.086 0.000°
*p<0.05, ' p<0.01, ¥ p<0.001
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T 160 pg/m’Z A O H(MSHA, 2014), 5304
L EC %% 100 pg/m’2 AA3}3 QJtHAIOH, 2013).
2001  ACGIHo| A AFAILA](Notice of Intended
Changes, NIC)3lth7), 2003 AH3sl9H EC %=
20 g7t BAZA HA S AAF wE7)E0I
CHCDPH, 2002; DIESELNET, 2003)
FYATAHE A2 2HYL ko2 DEE
3t = &FH7} A17F FE6le] B A1 ATE v
al71 olgA, eje] Aol olshd raR
ARE AHESh= 7 F1L9] EC FE+= 7~55 ug/m
6 2 YEltH(Wheatley & Sadhra, 2004). Groves &
Cain.(2000) A7) S5t FaolH HAAARE
2W3He HU) EC 5 =F B 66 ng/m'e e}
sk ol HAshA) e AUAIEE LA
Gg o EE Bash) S o ANNFS 14
% ﬂ%) b2 Xjepol 4] HjZE= DEESH u]E&A
s7|HAl o 2 0l =& EC xS HQl Aolzt
ﬁ}ﬁiﬂr- ojef Hlw sl & uf & Ao A vEhd A
AR AL B BC HEE 79 ngm's A
292 Zor sRRIF & dAtolA AR
T EY 5 oE "}Ekol /\}‘ﬁﬂ lﬂ%ii =4
o

Hw 2 2L =32 1171]%}7} El°*7l°ﬂ e
EC %2 Hol Aoz wolrh t]AalzofA aug
&= DPME] AR ARt A7]= Ao F
A 9 e, A7 S uet g A 212
H(U.S EPA, 2002), AFFA9] i, 274, 2A|
A LY Fo gt w32 9Ekd 5 A
Ao erHct

AAR} Q0] 2GS AGA Rt 2%
Y& et BC =g vlugh Aah, 294 9
oA AAAE &3 i Bt 5= M= 3.7-88
ng/m’, AP ol A %7 e % g@} o B
T H= 93354 pg/m’o| i} % s o
HolA ¥ uf H+ BC H=7f xkt,
238 T o] H]3f 2.0~5.6HH =UTHAIEA A: 2.08H,
B: 3.24), C: 5.64, D: 2.1y}, E: 5.14}, F: 6HH) = -
elol A 2 ARFe] 914 H YA 7k 7] Este] BC

TE Hlagh A= A 7] el & ArAadt

£ HlJLonL ol PATt o=t th7]EH Ak
oahd <l E=AA| O] A7F Wit BC FE7h 4.1 pg/m’

1o
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2 Hu¥ v} 9ckSafai et al, 2007). Gatari &
Boman.(2003)2 o}z g7} ALk £A1%|9] BC ==&
1.4 pg/m’, A 2L 0.7 pg/m’2 B8k el
o A= A& = E2Ho| A AethalometerE ©|-8-3}o] BC
2 =43 Aol sty dggto] 2 44 pg/m’o
A F) 9.9 pg/m’ 02 YR THLee et al., 2007). ©]
oF vjus £ uf 2 Aol A yEhd 2 9ol A
AAAES S8 & o BCO i 55 6.1 pgm' 2
22 o] EeFo] e =R Ho A A3 BC 29 &
ARSERLAL, 27 oA A AR S 3T wf BCY
i 5L 189 pg/m'E 9 =0 222019 of S

ATk EYTE B 717 A Yz fA=
ehs AR A WE S BCH B U ke Al
W)z <8 21719 F15] SHElde dAL 9

RAog AyztHct

DEEY] =24 4 9+ A AR 47t
AzxFgd ZAPARE FEstq FEE vagh A3 A
A=} &M Y2l BC, EC, NO, E= 717+ 9.6 pg/m’,
7.9 pg/m’, 48.9 ppbolil, A=ETA 2R BC,
EC, NO; %= 717} 9.3 pg/m’, 7.4 pg/m’, 85.2 ppb
2 vehoh 9] A50]4 Lewné et al.(2007)2 El
Y A4 2z}, A7 A SADT Cl A EE Au] 4
ZAAAE O R ECe NOyo| d3l =& H7HE
AABHg=dl, ECol B+ FE+ EHY A4 YA}
(86.7 pg/m’), A7) ¢HY((7.8 ngm’) Y t]Ax}
o g4 2HRK10.7 pg/m’)o] ek NO,9| Bt 5
e "HY dAd AJAK350 ppb), AA7IA Y
(427 ppb) 9 TAaEF Hu|a ZA2ZH91.9 ppb)E
et} Groves & Cain.(2000) Lol A= WA W]
2 Zzte] EC Wit 5 =2 31 pgm’olatil k¢l
ok FYol A= AP 7E HAATF AARE A
© & BCo ECOl| el =&B7He AAet=tl, BC
o] W HEL 9.1 pgm’, ECY B+ HEE 48 1
g/m’2 UERFI(Lee et al., 2015), Jung.(2008)2] <
FoAE MALHA] EC Bt FEES 23 ngm'E
Hustgrh £ AtolA yehd AR U
BC sZ= AEH7|E Faa=gF At fASHA
i1, EC2t NO, wE+ HA7A 493 vl5st =
Folqith Zituttt DEES] sk 2Hi3hy, tjAql
S5 2, VAL BAERNRRE, S5

A
o] Y= = = 7] "ol A v Al ¥

Fl[‘

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(1): 38-47



XAX AL AP EOIM CIHAXHESE

o Folrt gasi

DEE®] =% %% & BCx EC9F tlEo] 371
DPM A& F2 AREEH, oipxHoz =4
A ES EC, Acthalometer2 =431 B4 AJE
BC&Z HEEtKKim & Song, 2013). tf7|&7 Hof
A= AethalomerE AFE-sto] BCE H7bsl £kt EC
9} BC F%= Ado] mi¢- =11, EC7} BCHT} X
o 24%8 %= A AT G4 Qlrk(Babich et
al, 2000). ¥ ATo|A A}RI% BE A|ejali BC
BE7 o A Ut olfe Wekel o 4 itk
O Lee et al.(2014)9] 9J51H $=7F =2 1)
=7 A &4 =, olT IS BE
71710 AREEE A ZE7F oY R
A8l Yapgol 2EE7] wzo]
o] 2AZIZto] FA7of sl HHsE7
7lo] EReER BC FX7t ot
NS 7IsAo] Qlt}t. Lyamani et al.(20
o] =AAoA 3|97t BC =&
7)ol BC 527k olA Ao
o DEES] %2 7Hs4ol 9
wejalr] gade AdA 2
79t 429l DEE mUE B
Aoz Az,

DEE F&kof J3-& F= 802 AAA A=
A2 S, ST w7 AR UEbdTh 2 A
oA AHE A= #7F AL, A 24AdH, A
) A, F 2 dmel FF Xo] FO= DEE
FEo A e Aol AAEHA, Fof7t 2}
o5 Kl o]f= 8] & = Ak AAR A
|5 = HAdRS 23R vt Ad7A Al
AR} Wi &7k v 7]t A o] 739, W= 27 A (United
States Environmental Protection Agency, U.S EPA)o]
A ARSI Sl wiE 7k i 7] Al(Tien) S 2185}
L Qlek 2004ERE Tier-1 7|0l 7Hd WAl 4§
QS H(NIER, 2013), 2015 1€ Tier-42 A
7b ZstE o] AgHal ok Tier-42 A7) Aok
of wel DEES] Fa+/4d &9 wj&s]-&7]Eel %
shElom, 20099 A-8EE Tier-30 B|5}ko]
A2ABHE(NOX) 45%, ARV 249 90%E &
oF gttt
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H'

=2

of 23t A7+ 45

H

Z 71 =2 v]L-2 AR5l Q2 H(KCEA, 2015),
AAAE o]gsto] AYS e AAA HH
E3F HE ZAoltk 28y o4& DEE =54
2 A e ATe REFS AFSAL
(Bae & Park, 2012), &0 Ui A77} AYH u}
olet.

20126~20134 ZREAZTE Ao gL
YA AeigsloE vaTy 29d 2
Zap7] 2Ae] s, HEAgate] Yee o
Are] Tigh, EAA O A SRl W

F5S fUAIE F2 991 DEER 255}
sz QIR vzl lal, AskEabd AdAl,
S| 7| & Aot AdRke] dis) g =
A7F AdY 2o JAthKim & Song, 2013).

2 Aitoll =FHE AGAE 3 Z=AlO] =EtE o
Rew, HFE AAAFE F7F Aof oyl At A
Fojdl 7MellkeE s Sl AA AAR} &L
LE25E 08 A= A2 AT AUtk AFEA vt
oF Aol Aolskdlal, AHYEAY MMAARE

I

o

oX = ofd
e x@ o
=2

4 2 gleh AA%
A el A QRS SusE AANEE Al
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o mebd S cheke Mool ARl dRs
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4
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291 WielA AANE LW A9 A
oAl AAAE 3 wol Hlsf 2.0~5.6uH =obAl
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