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The Qualitative Rate Estimation of PAHs
in Carbon Compounds of Particles in Vehicles Exhaust Gas
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Abstract

Since the emergence of domestically produced automobiles in 1964, the number of automobiles in circulation in
South Korea has increased constantly. With this rapidly increasing number of automobiles, automobile-induced
environmental pollution has become an issue of great concern, especially with regard to air pollution. Of the carbon
composites contained in automobile exhaust gas, PAHs are known to be carcinogenic and highly deleterious to
humans and thus need to be urgently mitigated. To address this issue of PAHs, this study was conducted to estimate
qualitative of particulate PAHs contained in carbon composites in automobile exhaust gas, by capturing all particu-
late matter discharged from the latter. To allow for differentiated analyses, the automobiles investigated were divided
into 4 groups: gasoline vehicle, motocycle, diesel vehicle, and LPG vehicle. Samples were analyzed using two
methods. First, in-depth analysis was performed on organic carbon (OC) and elemental carbon (EC) composites with
analysis parameters, using the Thermal Optical Transmittance Method (NIOSH 5040). Second, for the examination
of particulate PAHs, GC/MSD was used to analyze the 16 PAH species specified by the Environmental Protection
Agency (EPA). The analyses yielded the findings that diesel vehicles had the highest mass concentration (2,007 ug/
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m?), followed by motocycle (1,066 ug/m*), LPG vehicle (392 ug/m?®), and gasoline vehicles (270 ug/m?). The highest
carbon concentrations in total particulate matter by vehicle weight were produced from LPG vehicle (79.8%), fol-
lowed by gasoline vehicle (77.4%), motocycle (69.8%), and diesel vehicle (59.1%).

Key words : TOT Method, PAHs, PM,,, OC/EC, Vehicles

1. M =

19649 F4F AT mFH7] Astsheia F)
AER} o T3 =rkska 9ok 1970 126,660
e ==d)27} 20129 18,870,533 2 1970
ou] 1490t ZAHseEk AER 10 AF4E
4= oin] 19989 4.59 el 2012 2.7 o= A
S}4TH (KOSIS, 2014). ol @ F43 54 27}
t AL BEERN o] RS BHLYL of
N7 ek B3] olFedRe vv) e @

AgE v)Hm, )71 2o P o gel FAE

& gom AF P o 0%E A 5 4
A Ao A7)0 AR F wARAG o
& 7)ol o] vig ¥ Ao viehdehKim er al.
2008). ¥17] % HARAE A7) Sl FALE
F9 5 W = 7o) AT TED A
s olge Z7hel mheh eREelA ] AzkEvhe
mjulg Ageleh WA 2AbE el olshml AR}
7] 7}2ell 4] PM, NO,, SO,, O,, PAHs, HC, CO,, &
el =f Fol MEH I, AEA W)k AY
PM. PAHs\F HC: Apgatel] o138 7] % 7]ed=

7b ol 3, 2 F AR w77kl A R EE

ulA Aol gt kA Ro] B]go] v]$ = Flo
2 R 3E3 9h(Kim, 2007). BtAA R out o 7)

99 B F PM,9| 30~40%F AX3w A7,
PM, ol A= 50% o] S A8t Q)= 7Hlew By
)32 QIEH(NIER, 2006). 18|31 72 Hd8fo=
AHEEe o] 5ol oA FeAdR o= wiz|vh
2ol WA AT R WEEEe g}
S A AsAtel 27k 7] e A3He Sl v

Z a3t
g2} v 7] 7kl A vl
PAHs:= f7]52] 94 dax

o

o

[e]
E g UL 5 A B

AP F
Ay}, )

o] A "kt

rlr
A

o

E
i3
oX
it
i}

271843 A A30A 455

2 W AR #& BT e WA waw
Ajszol Slel o 50021%2) PAHs Si5HEe] Elel
o ore) PAHSE Ao EAlshAR 1 ¥
Ay F9 7) el Wl RpAewy sl e
25 EA3ea 4=)x ok (Choi and Baek, 1999).
IARC (International Agency Research Cancer):= PAHs
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Walker, 1993). Benzo(a)pyreneo] WIE2 2 B 1%
oz PAHs Z ¥ 3}ghEA-> 753t o8] $EA
Qg AstdFolA AzF F FEe W] F =
Welddo] ol BAR duix Fale] FkE L g
o} (Park et al., 2005). AF5-x} v} 7]7} 20 A PAHs:=
Aol M= Wil ez 2~32 WEks 'hEkpar)
71oz wiEEY, peAME Al 4~5<l
WS whsleaz APEEA FAF wEEe
Aoz od#x ¢lth(WHO, 2000). =3t 7pA Ao =
EA3= PAHs:= 7] F¢] 3| ==A2tt]Z (OH -),
2 YE=ZI]|(-NOY7F H7tEe] HAEsfel weks
Y E 2 3}3HE (nitroarene)& A3, o213 #3LE
2 4 delx IR, 1949, 25 5
2] 71A] BghH gl A& of7]A1Z 4 3lv(Hong
et al., 2009).

=AU FHoR YA PAHsel] digk A7}
A& oz £ax 1 9] o, Lee et al. (2008)7} Kim
et al. (2012)2 A< Al&o|A PAHs®| sx=g 77}
15.1 ng/m*32} 12.7 ng/m*© 2 B 7135}9] 77, Hong et al.
(2009)-2- 2= 9} g<lo]A] PAHs®] =2 19.5ng/m’
9} 14.1ng/m*2 Park et al. (2010)2 #-& FotTof| 4]
16.5ng/m*2 ¥ 318}¢)c}. 18] 3 Han et al. (2006)2
e AE=2 PAHs 355 92ng/m’E Husl= 5
Zxd Ao 7] HdA 9.2~19.5 ng/m>o
PAHs7} £25 o] ole AL e & A=t oA



4534 717k 5 YA

2 ko Az EA|AE o}7|A]7]= PAHs:= A}
B} 40 pae] Zrhe A WEe] A3
7V Aoz oA, o]2eldt Ja) = A]&A
o= Z/4 oz Wadd

olefl & dAFerE Hrlegel B TS 2A
e AR 249 3 ABA 717 k2A )2
oA 239 saAPe Avdos ¥R
SRS o8 viwbos whANR F ey
AA A3 $3l=F 2 PAHsE AAA o=
sl 7z A 2A 88l s

e wd,

[e)

ke
3
a4
K

A AEA 717k F e AR
olir] sl ke dmwe 3‘4%%%
dmz AHgshe AR o EAE A4E A2
2 AgsHe AR LPGE G5z AESHe LP
Aoz RISl BAATFS BhE AREd W]
o Qo) WAlake] W el Aol Aol Alw
AFA 7o) e W, ALfALT LPGAEE o)
5 A9 WAe] A3 wETkne] wrt )
deel Am TPALE DSl AmPe e
A seiek W717k2st WEEE ) selA] 1A
EAE 2 6}—— g SlelA 7t Fad AL w77t
. w9 FoarZ ZA sl ZLIqlL
= 7 HH7I7P*«1 FAT Ex=spdel o3 A
H e Alefdke Aotk A WAz AEY £
BAE 918 IHactors AME-sh=dl FAAHAUAY &
£30]& 3}7] YA I-factorS 95~110 A==
Bledof Jlr}, o)l A Fo|AlE =HA] I-factor7}
$49] 2ol o] AR FHFAE
% F WA WAL S ACti) A9
A3 v 717F2~7F wl

2 7lge] exalgel et ANE 25T o¥e
&N BEIEAA $20) Jeke Hashsiole

2.1 SHER|
AFgAE w7 el w7 kT =
e AXsta, I Fodell SA) dest SAFTS T

,d
m)
B
oL
M
EJ)
o
>
=

3

0

k)
z
s
o
~
2

i 7)3E 53] St Wi
e (filter pack)el] EA 519}
Fetol] Ao} Qe Ao Rl A

2,000 RPM.o. 2 _]_2475}04 =4S /g/\]
beke 30%7H @21 7}93_ R
=2 ANSGE 39 12 246 A4

An)e) THES} SRS »}Ew_ Aol

o
32
£
£
mlru
Wi

2.9 Z=X{HItH

A2 w717k F AR 23] $E) mFel
AL w71 el 2174 80mme] FElE AAE 4 gl
= gegS A7, Fo AR uixky 25
A 22 # A=A (stack sampling system)S A}4-3}93 T}
WAbs SEAEAHAAAE S A7 AT
W (ES 01301.1 : wj&7}x~ & HAD L v 2 3RS
= (EPA)2] A]3HH (40 CFR 60, Appendix A)ol] =3+
sl== AAF A¥] (M-6 gas stack sampler, KNJ)=
ARgste] w &Sl A S L9 EAE 54554
A Z ] (isokinetic sampling methods)© 2 A& 4~
A AAE S &l A DA e AL W
Z7t28] 35l e FA d=s 455 AAt
el oJs] AgE =58 B3te] oJ2x] &+ (filter
holder) gtel] A= AedHE (QMA filter 80 mm,
Whatman)ol] ZAs}eich. 24 B AEx} w7 7kA
P ko W) Rt A @Ad o vzt B
9 9 QAo sl Al 4 A o
27129 BE&Ee Sxol %ol wBel AL
Aejstel AL, ,—ﬁﬂf e 3
o)7] $I5) ElZEos AAE 0mme] BelHS A}
sahale

QAR AEA ohzel her s 34
7] 9@ A= 4R QA4S 27 100 mL,
400 mL, 0 mL2] &3} Az|7pAE Abdstddsh &
100 mL, 400mLe] o] 9= Sl A WL AE3} u)7]
sl A e S ALk @)

mL

1% Ael3, ¥ 0

J. KOSAE Vol. 30, No. 5(2014)



Sl - 7

>
ft

Temperature senser
o —
(== o
Nozzle Filterpack
Flow
Vehicle gas Control
Exhaust box

Flowmeter

Fig. 1. Schematic and sampling equipment of this study.

Table 1. Sampling condition of each vehicle.

Nozzle diameter (inch) Sampling time (min) V (m/s) Q(m%) I-factor
Gasoline 0.5 1.9 1.27 100.05
Motocycle 0.5 1.7 0.64 97.50
Diesel 0.188 14.4 0.37 105.32
LPG 0.375 4.0 1.23 96.28
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Table 2. Instrumental conditions of PAHs by GC/MSD.

Item Parameter for PAHs analysis
GC version Agilent 7890/5975C
Inlet temp. 250°C
Analysis mode SIM
Purge time 2 min
Purge flow 60 mL/min
Carrier gas He
Gas flow mode Constant flow mode
Gas flow 1mL
Injection mode Splitless
Injection volume lulL
Column DB-5MS(30m X 0.25 mm X 0.25 um)

40°C (5 min)— 10°C/min
—100°C (0 min)— 5°C/min
—300°C (2 min)

Oven program

J. KOSAE Vol. 30, No. 5(2014)
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Sample ID: LPG Sample ID: LPG
Analysis Date/Time 100910-0928“5225 Analysis Date/Time 2009-10-09 2& 11:52:26
Organic C = 5.91 +.0.50 ugisq Organic C = 5.42 +.0.50 uglsq cm
CMC- 0.00 +- nwaem

Elemental C= 0,00 +-0.20 ugisq cm
Total C = 5.91 +-0.60 ugisqcm
EC/TC ratio = 0.000
P FIOOK FIOGOK 0L 90 Punch Area. sqom = 1.5
Cablbraton arsa Used = 227301.0 Caibraton Constant = 10.03
FI02 Calbrston area’ e
Spit seconds  Spit tme Calculated = 872 seconds
Phi= 288 Pi2= 144 P3= 020 Phé= D88
FID GRAPHIC SCALE= 10
FID1_FIDZ Lager Temperature A

Integrate

Ry

FiDA

Fig. 2. Separation of peak for OCEC analysis.
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Table 3. Individual standards for estimate of PAHs in organic carbon.

NO. Substance abbreviation*® M/F M C (mg/mL) Manufacturer
1 Naphthalene (liquid) NAP C,oHg 128 200.4 (ug/mL) Supelco
2 Acenaphthylene ACY C,Hg 152 6.79 Supelco
3 Acenaphthene ACE C,H,o 154 6.88 Supelco
4 Fluorene FLU C3Hy 166 7.41 Supelco
5 Phenanthrene (liquid) PHEN CHyo 178 7.95 Supelco
6 Anthracene ANTH C,,Hy 178 7.95 Supelco
7 Fluoranthene FLT CgHyo 226 10.01 Supelco
8 Pyrene PYR CiHyo 202 9.02 Supelco
9 Benzo(a)anthracene BaA CisHpp 228 10.18 Supelco

10 Chrysene CHR CgH)» 228 10.18 Supelco
11 Benzo(b)fluoranthene BbF CyHi, 252 202 (ug/mL) Supelco
12 Benzo(k)fluoranthene BkF CyH 252 11.25 Supelco
13 Benzo(a)pyrene (liquid) BaP C3Hyy 228 910 (uwg/mL) Supelco
14 Indeno(1,2,3-cd)pyrene (liquid) IND CpH), 276 12.32 Supelco
15 Dibenzo(a,h)anthracene DbahA CyHy, 278 205.8 (ug/mL) Supelco
16 Benzo(g,h,i)perylene BghiP CpHi, 276 12.32 Supelco

*Lee et al. (2001)
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Fig. 6. Individual exhaust PAHs concentration of each vehicle.
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Fig. 7. Estimation result of PAHs in carbon.
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