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Ratio of Elemental Carbon Concentrations for
Respective Measurement Locations according to the Sampler

Won-Seok Cha’ Soo-Yeon Choi

Institute of Occupation Environment, Korea Workers' Compensation and Welfare Service

+ Eun—-Young Kim « Sung-Won Choi -

ABSTRACT

Objectives: This study was conducted to determine the differences in EC concentrations according to the type
of sampler by measuring and analyzing EC.

Methods: Elemental carbon was measured in diesel engine vehicles and at the roadside. Using NIOSH method
5040, a cassette was coupled to 37 mm and 27 mm quartz filters and measurements were performed 21 times.
There were 14 types of measurement methods, and polystyrene, polypropylene, and metal samplers were
evenly placed inside the movable chamber.

Results: The results measured using the 37 mm conductive cassette (closed/open) and the IOM sampler made
of conductive materials showed a higher ratio than the other results. When the 37 mm conductive cassette was
measured with the lid open, it showed a statistically significantly higher ratio than with other measurement
methods (p€0.05).

Conclusions: Checking the EC concentration a total of 21 times at each ratio based on the concentration of the
3-stage polystyrene cassette, it was statistically significantly higher when the 37 mm conductive cassette was
open. This same cassette also showed a slightly higher EC concentration when closed. It was ascertained that
some DEE was collected on the cassette wall surface due to the electrical conductivity of the polystyrene
cassette, resulting in sample loss. Since EC is composed of fine particles, it is thought that electrical

conductivity may affect its concentration.

Key words: Diesel engine exhaust, elemental carbon, electrical conductivity
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A (diesel engine)> =Y 7l&At FEIL H
Al(Rudolf Diesel)o] 18924 7Hdst W 71 internal
combustion engine)9] ¥t EFo|tt WA7|H A=
2 AR R 42 Tsi, 1 RS galt A
o|Fojxl &telraA ARl YA, 7EEH, HIFFTL
2(LPG)7F #& AREEI EHMoE, 1999). ©] % ¢

R

AANE 7 9 LPG Ao Hls] daso] =

Aedste] o Ul olAbsieie HlZo] AThe
ol9E SelUehE ohet A AAHoR AR

go] ALg3kT ik TIAAHS A2 A L Wik
9, 25, AUY 5 tha Algliolol A FusisHA

F

AREIL Jlow, F2 U, Ay, dd71A,
s4E71A, At 59 X o] &HHKim et al,
2010).
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HAdR: Holea SERE o]FoH ] Aoz
ARIofA AL A TS oliBetast &, da,
Abas 5o] lojof it} ey A% ]Et ﬁi«] el
Aa, F23PoA 9 SE9] §HE, SRt +8F
A7HA19] A4, dE7IAE A= voﬂ =1%= 7%
JE9 Aa o= Qs AAo Fafgt HAA Ah
EZ(diesel engine exhaust, DEE)& Hi&stal ot
(KCDC, 2015). ¥rtd oz fAQixloAl= st U
HRSHF7HS) dHolA dEs HJo= Qs A=
(CoHW7h 212A4kA A4 oA B4 §RE do
28 g®47) vj&Eo] DEEE A4t} o]Flo] A4
A Y A5 E24d dao] os HAE mides
2 59 fjAd(black smoke)2 TIAZITE SA of
A2 qIzlo Fgo] wol k= sl Eol gttt
(MoE, 1999).

DEE= YAMd € 7IA4 S48 4E E9hE0]
DEE & YA 242 wi7I7kA 2%, A=, ‘_{-4
d SOl =t &5 dEkit). ARV €4 5
o 57198 2 7o) 200 m?l AU AF 5
(mass concentration) 7]&22 9F 80~95%S A4
gt 19 1~20%= vAIYAF Hop 22 ZeAdAt
2 g 57198 7o) 20 mZ, 7I sE(number
concentration) 7|2 2= 50~90%% AFA|ol=H,
AAZe] 72t 2710 w2t DEES] w=F dA 2
717} vl wheFstot. 4R F7198H4 A7) 2.5 m
Hoh 39 557 AF Oﬂ A2tE =, ¥ 18k &
< HAYAY BS 557] ShEol HRetEE tiEE
o] HA|YA= /g DEEQ] 7% AAle| folet ¥&F
£ 7FH9A HtHKim et al., 1999; EPA, 2002; Ris,
2007).

DEE k&°] gt A3 9FE 348 4 HieE 25
o] Slvk. DEES] 444w o= AAMY E4ol= ¥
AEltA(elemental carbon, EC), TFHHISFEEISI:A
(polynuclear aromatic hydrocarbons) 5°] 1.°.H,
7t} EHole olileteAa, dAkeierA, AA4RHE,
g SBME, AH5]|E So] AtHGroves, 2000; EPA,
2002). 3 5512 AaAlslE o5 mo} 72 5357
AFAGES 23561l Q1= DEEC 9314 E+= |7H

oEL Jlm —L‘

=S A9 71, 1, olARe, FE S e
40l QA0 el 4 SIFk B 52

= o2 gt AN B8] =493 H
o fjdS 37 APle Aez YERTHEPA, 2002).

www. kiha.kr

E3F =A|AATEA(International Agency for Research
on Cancer, IARC)olA+= 2012¥ DEES] 7i¥ AJHo]
obd DEE HAAIE #H ol thste] Group 12, gl
i3l Group 2BZ EF3IHTHIARC, 2012).
DEES] o2 HiE=4 ;qiﬂoﬂ tijsto] Fojd wF
H L3752 23X 3| oA A= o] ot EC=
DEE &9 AIXEAZ DEEQ] /8 AR 5 7
A Qe =E3ARE AREEIL IokBirch, 19906).
= AR HE7FE Q5] (American  Conference
of Govermmental Industrial Hygienists, ACGIH)=
EC &R H0f i5to] 20014 20 ug/m' o2 APHILA|
T 20039 HIsttt. dsok= 7MY W2 DEE k&
712 EC eE A 30| tiste] AfA0A A5kl QL

1= 100 ug/m*o]tHSUVA, 2004). ¥H=tol4l= DEE“|
gt AYPA =27l itk 12y FujolA: ofz
CE%E &dll DEEO] gt =25Es gRIsk] flsh

EC kEA| 30| thsto] 24 S7go] o]FojA|al QL
o, k&7|&o it A= JPEI 9t

?‘ﬂxﬂ 7 gl ARREIL Q= ECY &4 E B4
HO ot ZPARIPAR AATLL(National Institute
for Occupational Safety and Health, NIOSH)9]
method 504022 AgIElo] ZHT ECE AL
o} dF EVIAE o]dsto FEdfsie] AT
(NIOSH, 2017). ¥7I¥tA(organic carbon, OC)=
7Hdaclo] &g & U719 EColl Hsf S4otesE
dasta glow, 37 m(AsE 25m di) A9 ZH
(quartz-fiber filter)E 3 FN|E(3-stage cassette
with support)oll 2lste] S4stes shal Qik &
I, JAE EHAY(carbonate)o] TAYSHE oA=&
2319 Y Alojstr] sl 4= molste] 275k AE
st ZHT 4= Q= AWE(impacton)H AlOJEE
(cyclone)& ARgst] SASHES shaL °‘E}

Iy 7R ES] S0l et W82 A=) SIA
%= 5 NIOSH method 5040%9] —ﬁ‘ﬂ“ﬂo et
514 ?%‘3}.

YA o g DEEE S4Y o EFAEH Afd= vt
S92 FINEE AREsk=H], olZdt A9 FHHNE=
o AT &0l =] Aol ] A ==
& Xinternal wall loss)7} ¥A3& 4= AHLiu, 1985;
Baron, 2003). E8|AEE FINEE o]85t Aoks
oA ot= XY =22 ST 2 HHHe

Z 62%2 dAE FHHE F7olA EAHAL, 22%S]
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AR HE A %— H d+= QK Puskar, 1991).
ETAEHRAY BY =2 EHAYS 7L Qo] diA
o] Eojk ;‘401‘— ZHA 2 IA =of FH717F HAgsH
F9H, dZt G4 IdEE= 4ol dtKBaron,
2003) O|& Alofsl= Wy og Z|xgddof 7HLE
o] TRH FHNEY F502 H JHE 5 BHAG
O] 22 FIHEE ARESk= ®HHo] QtHHam et al.,
2017).

OAXEFo| A BiE&E= DEE 5 YA 242 A
HEE mj= ASE E(nuclei mode)® 1 37171 50
mn oJ5te] ©AEERE A% o] Qlrt. o] E4o] Hj7]A]
2FoA 2o wt 48}, S5 50| o]FoiA §40]
WA =t o] 23t IS AX B RS 22
HiZIA AR WZk ol S5E AL tf7] SOl &
2k S, G2 59 B3Rt J—]'ﬁo 7|4 DEEZ A=
th. A4d=+= DEE 5 YA 242 vAlRE 2719 ¢
7‘}017] 2ol A714 E44L 7=, olEd YA

SPAARLS] 904 FA7|ES W=t o|EA
(+) Ee= (OE AstE A= S Al R ECA LAY
Sk= AA7190] Yo AR &4S dor|H, 2319
Ylo] Hu ZHFEO| FFS "AA HTKNIER,
2013).
ﬂﬂ*§~ﬂm4ﬁDH%
Z719] ol8fl EC s&of ¥
MEP 9] FFo w2t EC

AolZ elel] 9] & ATE wo}ﬁq

1. 97 iy
£ AFoME AAeE Aol Bt HARE
It "Jfﬂﬂoﬂﬂloﬂ AARE < 5& EEAIE A A
< o= st AW EATETHA
Xé%’.—?‘&ﬂi B2 58, 9 A A 5 okt
og Ao o ECEE9 W3t
}Xl ZAAAL, 3 molA AeE

A7 AR 20119 A THE7R o],
f=2 40 sigohe tddle Feos ARSIt &
W, 29 &40 e} ECsEe] Aol BRIs] Al
L Uit ool Az Ales AFHSH il

MALTEAGEHAL 2o dA|=o] 9loH, A
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2go] o3 W7 5ot Fekd S ek HHUA F
e o, FAXY, HU 5ol AT, BYAEA
29, BY& S Wil FohELol WA %2

= H 20209 9E~1149 F 5%
9] FFE HA W g2 ES 1‘41%_& @Alomt}.
SAHYY 2%, §%, 35 5 VR 71HY #
= 2 223519tk B Lk 152

CCALRL 9.2~20.9 ©)oll, B 5= 564 %(HL:
38.6~77.5 %), B 42 10.2 kn/h(HY: 5.4~18.0
kn/h) STt

A FYYF PR QHAYHLY LEYRAE )
ARG BEERAAE-TAAAR, Gt =
AU 2w WE LEF PEE 20634 Beas):

17,727~27,545 )7t LFstAoH, Azl W iE

(o=

% 31F Hl oldn
2. 974
7t MED (Sampler) ==

2 dyolA gEddAAEde] 542 NIOSH
method 5040914 H35H= 37 mn, 25 m 4G
3¢ 7N EE o859t ET|AER 7 E, Ax
Zxz2 98 7 EE close/open/cyclone o“—%
2 1271A]o]H, H’Qiﬂ H]JL% A8l IOMAESY &9
29y, F£5) 2252 £ 1471K9 HHo® ECE
SAstlet. AAlRE A& 31—4 FoF AR ZE=
Table 13 Zt}.

i

Lt 422 B Y 55

AEZY FH79) HnE YaiAE ECY 57t +&sh
ol FA SHT Hart ot dghtze® &
g ZuAL R E $PT o ooj2ES AEHHO
2 Fgotd F=E A%k 54 AH(dynamic
chamber)g Alsto] ARgshH, A2 AW Y 5
e 4R A7) gFe o7l 8l EekAH
(plastic)o] otd LZulys A AZsto] SHsl=
Zo] §&3ltHJang & Kim, 2015).

Jy B ko] i AgAlo] obd 2ol 238
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Table 1. Type of sampler used for EC measurement

Size(mm) Sampler name Cat no. Company Sampling type Picture
. , Close 's;*/‘%
Quartz filters prgloaded in 3-stage 295-401 Open S
clear plastic cassettes vl Vv
37 SKC Inc. yeone
. Close
Conducﬂye black polypropylene, 295-309 Open
filter cassettes
Cyclone
_ . Close @\
Quartz filters pre_loaded in 3-stage 295-401-25 Open %
clear plastic cassettes i
Cyclone =2
SKC Inc. —
Close
Conductive polypropylene ~
cassettes, black 225-329 Open
Cyclone
25 -
IOM sampler, conductive 225-70A - ’
IOM sampler, stainless steel 225-76A - &
Bh s dadgel o] oleiat P Wt AIBE SUTY AT 9% Aeso] ANd 2
Ru7l 23 oot B2k Aoko] Fslo] A I MBS AojAE oF 1 m TOR £ ATA
STk ol 2 ATAAE ofTY AYZ BE 43 = A BUW BT ECE S5 Aof a9
wAE ‘%&—01 iRl A& dgsto] vixgt § & Fofl 24 AERY AYE 4 5w oY AR A=
= AABIAH. e AR 9EE TS0 7RV S AR B S HAE 4 AR 4
FAHES 3t & Az JF2 74 g S 71 Aot F UE 5777 A YRR SE0] fRYEES
AEHE 932 HiXske FHIZ ot 7 Al Azl Al & AAsHh
Eeio] ool 3] THYFL WS 5 U Azel
AR Q74 ZE9 oY AAZE FoIe Ct A
Cht HANAALEZ ] B4 NIOSHS] method 5040
HE &85 AlEe] 42 flame ionization

Q:AV:(10X2+A)*V ......................................... (1) detector—g 0]%-(:5_]: oE:]_E_-a-H %@(thermal-optical
analysis) 2.2 YAEAEA7Z|(OC-EC Analyzer, Sunset
Laboratory Corp., USA)E ©l-85ttt. £471719] A
A2 NIOSH 870 ¥PH0.8 OCe} ECE Balslo] B4

sheict.
X=AE27E A9, B} £

A=AIEE T U4, af ECY) 3483k AN E] Qﬁ A9 27137
VAL, m/s m, 25m)9} AAEAE, FH, e o]
Q=A1Z9 %, a’/min SAAE otH, T3] AL Sigmaplot 12.5(Systat
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, USA)S A3ty BAIAE= SPSS(Statistical
Package for the Social Science, Ver 19.0 SPSS
INC. Chicago, USA)E o]-&stal, A& Z71¥e}
Ao W 7IEHHY Hlue HSEE THA
(t-test), MEZHE EC ¥E9] vl YUux] EARLA
(one-way ANOVA), 232 EC &9 H|u= o]
Qe x| BAREA(two-way ANOVA)O. &2 AAJSI3t.

M2 M2 &Y fXE B EA

o sk HIg 465

m.z&

1. S™XEY MELIXIE EC s

2 AFoAE= 22 (HEH, JBAHY SPA-S
AFE AAEZ Yol ECee Hd, EFHA 52
Table 22} Table 3°] A|AlotAtt. 2HS] 5% HY
= 27 AR(E, 3 m AHLE o] SAsH3L

Table 2. EC concentration of sampler at each measurement point along the road (ug/m*)

Point Size(mm) Sampler Type N AM" SDf Min Max
Close 6 3.74 1.05 2.42 5.68

Polystyrene Open 6 3.98 1.02 2.58 518

37 Cyclone 6 3.42 1.18 1.66 474
Close 6 4.67 1.49 2.85 6.52

Conductive Open 6 4.67 1.10 2.81 6.57

Cyclone 6 3.75 1.24 1.98 5.37

Close 6 4.39 1.46 2.44 6.32

Near Polystyrene Open 6 4.46 130 261 6.09
Cyclone 6 3.68 1.40 1.51 5.63

25 Close 6 4.23 1.53 2.15 6.39
Conductive Open 6 3.75 1.22 2.31 5.79

Cyclone 6 3.26 1.58 1.06 6.24

Conductive oM 6 5.06 1.04 2.96 6.32

Stainless steel 6 442 1.23 2.55 5.89

Sub total 84 4.11 1.38 1.06 6.57

Close 5 1.12 0.50 0.54 1.85

Polystyrene Open 5 1.24 0.71 0.54 212

37 Cyclone 5 0.85 0.48 0.26 1.52
Close 5 2.06 0.49 1.52 2.70

Conductive Open 5 242 1.05 1.21 4.20

Cyclone 5 1.43 0.34 1.09 2.06

3m Close 5 0.97 0.63 0.36 1.74
Polystyrene Open 5 1.05 0.60 0.46 1.79

Cyclone 5 0.82 0.53 0.29 1.56

25 Close 5 1.14 0.82 0.44 2.39
Conductive Open 5 1.20 0.80 0.37 2.40

Cyclone 5 0.87 0.62 0.33 1.88

Conductive oM 5 2.04 1.47 0.66 4.61

Stainless steel 5 1.23 0.70 0.64 2.26

Sub total 70 1.32 0.89 0.26 4.61

Total 154 2.84 1.83 0.26 6.57

"AM : arithmetic mean

Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(4): 461-472
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Table 3. EC concentration of sampler at each measuring point of diesel vehicle (ug/n)

Point Size(mm) Sampler Type N AM’ SDf Min Max
Close 5 14.49 2.21 11.42 17.88

Polystyrene Open 5 17.29 4.64 13.41 25.60

37 Cyclone 5 13.36 1.08 12.00 15.11
Close 5 20.85 7.41 15.35 35.35

Conductive Open 5 20.60 6.74 15.23 33.60

Cyclone 5 15.86 2.61 12.14 19.50

n Close 5 16.72 3.67 12.34 23.08
Polystyrene Open 5 18.32 3.69 15.24 24.81

Cyclone 5 13.70 2.68 9.56 18.04

Close 5 17.56 4.69 12.45 25.78

25 Conductive Open 5 16.90 4.29 13.78 25.22
Cyclone 5 13.16 1.66 10.60 15.36

Conductive 5 19.15 4.22 15.52 27.22

Stainless steel oM 5 16.98 3.21 14.56 23.26

Sub total 70 16.78 4.79 9.56 35.35

Close 5 7.52 2.49 5.36 12.25

Polystyrene Open 5 8.87 3.31 5.83 15.17

37 Cyclone 5 7.07 2.62 5.02 11.62
Close 5 8.39 2.62 5.34 12.72

Conductive Open 5 9.62 4.35 5.12 17.27

Cyclone 5 7.59 3.67 3.65 13.23

out Close 5 5.91 2.21 3.67 9.54
Polystyrene Open 5 5.78 1.99 3.67 8.75

Cyclone 5 5.10 2.21 2.54 8.33

25 Close 5 6.42 2.46 4.40 10.74
Conductive Open 5 6.67 2.23 422 10.63

Cyclone 5 5.21 2.43 2.74 9.05

Conductive IOM 5 8.00 1.99 4.89 10.66

Stainless steel 5 6.50 1.87 4.04 9.24

Sub total 70 7.05 2.99 2.54 17.27

Total 140 11.91 6.30 2.54 35.35

"AM : arithmetic mean

o, OARFE 27H] A-E W, 2ol FAst] &
gotArt.

H=2H(road)ollA 771 A& (near)ollXl 5783t EC
e B 411 w/m’, EERERF 1.38 ug/mCEY:
1.06~6.57 ug/m)= UergoH, ozl ZHB m)ol
Me gt 1.32 ug/nd, EE2E2} 0.89 ug/m(HY: 0.26
~4.61 ug/m)E UERGTE gi2Ho)A HojA x]Ho

www. kiha.kr

tS.D : standard deviation

H|5]| 77k Ao A Eet At oF 38 L =kt
oA (diesel vehicle)2 & WEo] YRAIZ] H
=73 BC 5= B+t 16.78 ug/n’, EEWA} 4.79 1g/
m’(H9}: 9.56~35.35 yg/m)= e ow, a1 2j5o]
e Gt 7.05 ug/nf, BEFHERF 2.99 ug/m’(HY: 2.54
~17.27 yg/m)=E ettt il Q5] H|s] yFofA
545192 W ECY| 5=7F oF 24} =T

Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(4): 461-472



2. ME80| 2 EC sk H|(ratio)

B oA AEZ o] wE ECY HEE Figure 1
of Yetfiglor, ME5d ECO &3 sk H|lw
(one-way ANOVA)SI9S o BAXHCE (23t A}o]
= AATKF=0.565, p=0.881).

J=u oA 47HA] &4 YR W] wE EC
SEE ¥A(two-way ANOVA)SH 23 =4 A
(F=416.601, p=0.000) ¥ =74 "*H(F=3.082, p=0.000)

ME0 ME £ /AX|E LA Sk HIE 467

% SAHCE {Ogt Aot = AR UEHT
(p<0.05).

=24 QAo W= Duncan AFAA A3} di2H 3
molA] £33 EC 5=7} 77toloA &3 EC &
Hro} 2,788 T W2 Ao YEREo™(p<0.001), H
29 7olo A 243t EC 57t gAxEF A ¢
FollA ZA3 EC sEHTt 2.9406 ¥ W2 2o

UERE L. (p<0.001), TAAR FaL FolA St

40

30 A

20 4

EC concentration(ug/m3)

il

3PCY,

T T T T T T T T T T
2PC 2PCY 2C0O IOMB

T
P klele}
C 3p0 3cc 3CCY 2P0 2CC~ 2ccY IOMM
Sampling type
Figure 1. EC concentration according to the type of sampler.
35
3.0 4 . °
°

g 2.5
> (] [ ]
— 20 °
£ .
S 151 ° ° .
© °
o

104 — S .

0.5 * °

: ° .
0-0 T T T T T T T T T T T T T T T T
3PC  3PCY___3CO 2PC 2PCY 2O  IOMB
3P0 3CcC 3cey 2CC 2ccy |OMM

Sampling type

Figure 2. Raio of EC concentration according to the type of sampler.
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EC ®&=7t Za WFolA 573 EC skHH 9.734
T 92 A& YeRGTtHp0.001).

22 "ol WhE Duncan AFEAA 23} Alo|EE
< Adsto] gt A7t 7P WA yERteH, o]
£ AeJshd 37 m A=A 7HES open BAoE &
A%t EC &=2t 37 m E2AEF 7HNEE close W
Aog 243 EC Bl 993t zjo|r} itk
(p<0.05).

o|g% &4 A2} Wl wt EC 5= Zpol7t 9l
o M=o W EC B&9 H|uE Q5] Uk =
AoA S4Z%E HwE L7t Slth o]of NIOSH
method 504089141 HAilok= 37 m AFLE] 35
7 EE 7]&(Standard) SHHHO R AHsto 7|&
S ZF 24 39] H(raio)E Figure 201 UER
ATt

dubd o2 3ot FHEE F XS SHoks 2T
Eld A&l FHE(Cat No. 225-3050LF)E ©]&s
A e, 2 Aol AREgE 3T FHAIE(Cat No.
220-401)¢} sYsitt. ol AEE S5l W ECH
L9 zolE FRIsH] o 3tk EAEE FHAE
close 2719] EC BEE 7|F0o2 HoldoH, Z+ =74

ol & EC 5% HIE Table 40 UeRfich

71&(standard)Hel 37 m EZTAHA JHEES
close H2lo g2 =435t A¥Q} open, cyclone W22
2 4% 29 BF BAHoE {3k Zol7t Sl8le
™, 37 m AEA(conductive) FFIEE close/open
a0 g o] gsto] A%t At Fogt Atol7t QL
ATHPC0.05). LTt 719 FHER ZHdt= B¢
open WA 0= & o EZTAEH, ALl 7HHE BF
FoH =2 vEE YEYCH, A|EES AZst
of Z4ot= 4% EYAHA AL HE SAZCE
%o Hre yepgrh

25 m 7HNIEE ARESk= A 71 Hls) &7
A, A FHHE 2% close, open W4 2% 5
ARCE {3t Zol= Y2 H(pr0.05), AlelEES
Adote] FHol= A BF SAFCORE FosHA *
AXHp<0.05). T3+ AA 2§A Q] IOM samplerE ©]
&t ST Ayt 71EHHo) Bls] SAFCE F
Ol5HAl RAUTHp<0.05).

TR ghAtg o] WA= B4 B SollAE AlelE
29 Adslo] 45k Zo] NIOSHOA Ars 7o)
APolEFE0 7 =43t 5L v|wsto] Table 59 e
Higleh. AlelE&&2 Adste] 43 dasS Blust
7] 918l 71 (standard)FH= AFsHA=H, LRHE L

Table 4. Ratio of EC concentration for each measurement location according to the sampler

Size(im) Sampler Type N AM SD . Ttest 0
Close 21 -

Polystyrene Open 21 1.115 0.153 -3.437 0.003"
- Cyclone 21 0.876 0.189 2.997 0.007°
Close 21 1.444 0.466 -4.361 0.000"
Conductive Open 21 1.539 0.588 -4.199 0.000°

Cyclone 21 1.135 0.393 -1.576 0.131

Close 21 0.989 0.280 0.185 0.855

Polystyrene Open 21 1.043 0.290 -0.688 0.499
Cyclone 21 0.834 0.288 2.642 0.016"

- Close 21 1.027 0.303 -0.408 0.688
Conductive Open 21 1.023 0.275 -0.381 0.707

Cyclone 21 0.795 0.275 3.409 0.003"

Conductive oy 21 1.384 0.492 -3.678 0.003"

Stainless steel 21 1.086 0.234 -1.680 0.108

- 37mm Polystyrene close :
"0¢0.05
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Table 5. Ratio of EC concentration each measurement location according to the cyclone

T-test
Size(mm) Sampler Type N AM SD : e
P
37 Polystyrene Cyclone 21 -
Conductive Cyclone 21 1.396 0.845 -2.146 0.044"
25 Polystyrene Cyclone 21 0.957 0.277 0.704 0.490
Conductive Cyclone 21 0.910 0.254 1.619 0.121

- 37mm Polystyrene cyclone :
"0¢0.05

2 Wol AEEE 37 m SYAER FAEE T
A7sto] vt 23 37 m A=Al (conductive) ZHA|
EE AZst daolA BAFCRZ FosHA #A YE
Fth(p<0.05). 25 m T7|2 &3 Ael= B4 o
2 Y3t 2ozt FATHp=0.490, p=0.121).

V.1 F

A AAEZDERY 54 9 B4 "= =
HARAPAE AATANIOSH)?] method 5040¥&
ARgSlit) o] EAWoAx= DEEQ] 58 59 4 &
Aokt & BA(HAEL, F7IENE R St
= HUSER|TE AR Ql Ao A= FHidr], &
71& 5ol 98l F7184(00) S0l FFS 27l ¥
AEAECE 7HY 724 =& X ERE AQtstal 9l
o} ECY 42 AJ™E| DEEE ZHst=H|, &3
L2 2~4 {/min® §FOZ ECY w=of ulet HAA|
e ZHSHES ofH, 242 F-25f 24 (thermal-
optical analysis)O& St}

NIOSH method 5040004 = &2 =9 it
(carbonate)7} WAot= 2FPe ol & Exlo] Ay
of= EEgolA+= 4= m ©]5+9] cut-pointE ZHT 4
= A E(impactor)Y Ao]Z2(cyclone)E RHIEA|
Agste s Hustal Qlok 13y AlRE ZYsk= A
E2(cassette)ol] et HEE A2 vt IR g
o], o] EAuPH2 Y g 529 FHANA ECE A
Eisto] Z5H] Qs /W= Y] fiEl® Heloh
WHos ECE Efsk=d ARshk= M&¥= SKC
Inc.9] 3 ZetAH FHIE(Cat No. 225-401)5 At
S5 e, EYAEA Ao E9tAE JHE=
| oy AolA FAr]ol Qs mNgARE S-S
O 520 IdFS £ 5 Utk Aol gHAL Utk
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standard EC measuring method

U AollA FHMENA LAYSH= A 7100 <Rk
BEFE H7IRE A7 A=, THREUYEREE AG
gdE9}t 3T ZYAHA FHEE o]8ste] =S F
ECE &A% 21 FHA7]0] sl 7HHE HHolA H
ZFJtHHam et al., 2017). o|&st HES ARtobdA
EC E3F 2 mA|dAte]7] diZol EAE 7HEQ]
A HAEE A7) 93t AlRQ] &Alo] AT 4=
ATHL ABZtEH, o3t Fo] Hol= A7 I
< f ol ¥Z & = A FEoA B A YEd
2 Aol AEt 1457 MEH= Ao wE
s HILE gRlshr] fdf dRtEo R ARgsh= 3
ZAEdE 7IHES A=A (conductive) 7HIEE I
7] B(37 m, 25 m= A=stdon, 7= 345 A4d
I A=A AL IOM AEeE Blsty] s Aot
At 1459 A&l dis & 219]9] DEEE &4 ¥4
A% A MEe9 FF0 OE ECY sk= B4
AHog [OJgt Zol= §li= ALE YEH o= EC
9] F=7t 24 HAEHAY HA Z=FofA LAY
Sk= DEE9] =7} % tiefslH, =¥ tj7] &40l
2 g7to] J3FE Wol ¥+= DEES] E4o] ¥

Aoz HIth

Ty 7 AlER Y] 23 5E&S g]ls] Al 5
St 59| DEEC] w3 2+ AE29] EC 5&F
Aot F 21319 EC =5 3T ST2HW 7

=
mi 2 (M Rl oo
4o 1o o g

open WAA A UEHLY, o= &
H2lo] yoix|7]o] gt A3 4= Ut
gt 3719 g2 AAH=APZ SHT 2T close,
open ¥4 T SAZOR R[OS A YEd=
o, ol= 7HEEZo] oF 18% FhHrd AxA MEH=

H

www.kiha.kr



470 REM - Z2Y - 24 - 2

AA7] AA aIe AL Hol}, &
gt ol= A=A IOM 7HHIER S4%t ZFoAE =4
et FollAT YesS 5= Utk 3L ARIEE
< AlZst SHst= F$9 EC 55 H|ISI9GS
o, 37 m A=A FHEE ARESE 23} 37 m E2A
Bl MM Eo] Hls| BAZCE Fo5HA =AUW A E
St H7]0 93t FFE W2 Ao =E wWoEH
FE EPAEY B8 2 xUATS 7 8l
o] tjHo| Eolk HskE 7HAAL A Eo FH7|17t
sty Aot E87FE o] E(polycarbonate), HE
E(teflon), Zv|dEZao|=(polyvinyl chloride),
ZAEH(polystyrene) QAL 52 =503 AT
o] o] YAt A EERE=rHBaron, 2003). 371
ol A= A 224 AFE o iﬁﬂ A=} =
Holl B2 4= Qlo] S ZHe| ¢S & 4 U, HY
o B @ AA std 2y AUdS 42 5
tHBaron, 1998).
X“WV]' AL A= 7HAES} ES|AHR 7HHE
B 7IEUL-EHE =4 9 B3 A (Ham et
al., 2017)01 AMe AEA 7HHES] HHoA= B4 o
A E4o] AEE A AUt} ol FARSHA & Aol A
T AxA 7HHES EC 527t EYAEA 7HAES
H|gl B =A Uehst=d], ol EYAE 7HHES] A
7] Arrof Qs X DEEZ} 7HM|EQ] ¥of Ly x|
o] AlR9] &4lo] WSty WHET &8 2 A
oAM= 7HHES] HHo| 2= ECY 5&& g1lst
A= 7o Bt 2ES Y7l olgdu= T
7} ot 28y DEE= 7oA A HE=AY
| EE(nuCleation)oﬂ/ﬂ 7tA 222 E5) WYst=
o], thFE 100 mm FE9] HAGAR =0 Q7]
UH—u:Oﬂ ;87] ArL7t ko] F2 7 5 Ao
cheic),

X”V]E AAsH: W2 o8 7HA7} Sl=dl, &
9] SHoA= & o:]:,Loﬂ/qg} Bl i PR e g |
EE o]&sto] AuE AFsk= Hloloh AHS AT
= NIOSH method 7400 %< ol-&sk=t], 4H
QL F7)|7F 2R YRR o]FolA 7o M FHE
E ARESHA] Q= A HAagrHE 4 SITHINIOSH,

1994a; Baron et al., 1994; Blackford et al., 1985).

2 Yoz FHVE AAY 4+ = Avdd
ionizer blower& °|&su, WA, olL3t 59 ¥
oF FH7E AAT = At LHA JTHNIOSH,

T W HEes

www. kiha.kr

1994b; Harrison et al., 2003; Taiwo, 2016).
EE F A71€9 IEE DEE= YA dAME
A og3#|(diesel particulate filter) 5= 53] A
5| A= ok I8y A sketal FA|ZE DEE
9] Suko B Eq) Ay 710] AMatA ) 6] 79
=7 groror, RHdkEo oo Hotw A2 A W

BAZ & ] g A gl Fast oulg
7Hlct, B3 @A) w22 BHAY w2 S8k
L B9ole A e 23 gol gt Pt 23
W HAjo] WhEA] Sutslofof gk,

DEES] +4& AR EZ(particulate matter)T:
724 B8 (gaseous matter)Z O|F0]A Ql=d| AR}
4 242 77 a4 E4(EC, £, 123 5

o] oF 40%, 7] &4F E4(0C, 2« 5)°] °F 30%,
3pake] W 7|e} 27o| ok 30% Hr LAEo] 9tk
oo DEEC] gt B7h= tiFE ECE 7|§te R o]F
oA=Hl, #A FLolA= EC«] TLVZ} 199740 H]
Aet A= ¢ B A4 @39 44 0.3 mg/’=E AR
HJAL, 71e 3-8 2ok A% 0.1 mg/m'E AF=S
o} "= ACGIHE 19957 1996W AR IA|(notice
of intended changes, NIC)ollA] DEE°]| ot A=t
ZAgAolA 0.15 mg/m’e] TLVE A2 Algklor 1t
ZFol= 005 mg/m'E Wobhth. It 20019
ACGIH NICo|A+= DEP9] EC #&o°] gd¥tdog A
A gAJR} AgFo] oF 40%E F+/J5t7] W&ol ECE
# 0.02 ng/me TLVE thAsIAT}. Tat} ACGIHE
spotad 3 &3 A digh 2003 TLV NICO]
Al DEEE E3]otqirt. vlebg AHie] 72, 20034 8
< Mine Safety and Health Administration(MSHA)
+ NIOSH 5040 ®RolA ECZ S43 dAl =
(interim limit) 0.308 mg/m'E At o] Jr=
20069714] HotAct,

DEEh 20128 FAUATLATARC) s A &
=4(Group DE AAH wzt vaolAE &

A-tollAl DEEE Bl Ut SHARE o] DEE9]
7 4 2A4uHo| Yeslx] gfom, ECel 4] ]|
ArekA BA7](OC/EC analyzer)—“f A4t &
59 71T Bfsta Q710 @ A+Edt

A k2 Aol ey 2 —?—a]‘/}ﬂl'oﬂ/ﬂ DEEZ]

L27]&S AAsH] g o8 A9 AgE 9le
o, AHA| = Qs tAxpe] 23] ARt = 5 o
A A4Edo] tigh #ilo] F7kskarl Qlt. olgh

H &% Rl o —{IN' rlo E]'r‘
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A ARIAE DA AxBA] 23 Ane A
ol FRotw, AT WBUS APl FAAIE
IFL E 5

59 kgo] dasitt. E3F SAATof
U= &°1°ﬂ WO}W "é 5‘1 < =a7t 3. ©]

M l_% N
4 :
S 5
I
IfO
ro,
2
9
[o
\
)
_Q
I
i)
o

/]
o)
2_[5

7_} xﬂ;a of|A] EAYE= %

p=a=1

E3to] 7P HEt éﬂ% e 2t o

Xy R ¥0 o &
ot
o jg m

et

gAIR A4a=E AT o YAsA(ECY HME
2 d 5E9 Zo|E FRIstaIA} 5H3th. UREA o= AL
8ol= 30 EAHH FHAES}F FH7]9] JFS A9
7] = AxA 7HE, &5 AEQ 7HAEE open,
close, cyclone B4 o0& 2453tt. 2 24 5=

H|E 245to] 11 2lol& AEstal, 49 MEHE A
QFstr] 18t ol A+t Adk= thaat At

1. A7 22 (H=EH, gAxEIA 9] EC 5=
2RA Pt 2.84 ug/nf, BFHAF 1.83 ug/m'(FH
91 0.26~0.57 ug/n’), AFFollA B 11.91 wg/m’, I
ZHA} 6.30 ug/m'(HY: 2.54~35.35 ug/m)Jck =
H3} AR EC skt SAKOR 23t #fo|7}
UARHp<0.05).

2. QA 23204 2714 AR =2 A,
A3 /oA EC Bx= tE FolA Hdt 4.11
ug/m’, EFEHEALF 1.38 ug/m'(H9: 1.06~6.57 ug/m),
3 m AZoNA B 1.32 wg/nf, EFZHZF 0.89 wg/n’
(A9 0.26~4.61 ug/m)J, AFFE ol HHolA
=243 EC = Hot 16.78 ug/m', ESHAL 4.79
ug/m'CAR): 9.56~35.35 ug/w’), L QoA Hat
7.05 wg/n’, BEHEAF 2.99 g/’ (HY: 2.54~17.27
w/m)ATt. 4714 SHA A EC 5= 42 &
74]7{4 oz 905t o]} 919

AZe 9] F7o] I EC lﬂli«] Ztol= SAA
—E %«l SHA] Agkont, 7 oA duky oz wol
AMEEE 3T 37 m ERAEH HEHE 7S E EC
L9 HlE Foto] A% Ayt 37 m AEA FHIE
£ open HAlog ZAS ff FAHOE [ =

o
_ll)l'
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It AxA FHHIEE close Aoz SAsAY
IOM A& 2 4T o= EC F%=7F w3%2r, EC
o] Tt W2 HHoIA AolE HAth

ool Aue FIstel B W, ZejaEA AU
FHEZF ATA FHE W3] s=rt BA vehd A
& DEBS} 22 vlHeh JAHE Sske A9 9a71s
22 QQlof| 95 FTre vly] wjREo = wiErh
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