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Abstract

The results of individual PAH source profiles that can be applied to receptor model are as follows. The sum of
16 PAH concentrations was 391.41 ng/Sm? in a tunnel. Phenanthrene was the most abundant compound among 16
PAH, and then pyrene, fluoranthene, anthracene, and naphthalene can be seen in elevated contents. 11,056.61
ng/Sm® of 16 PAH concentrations in BC oil boiler was two times higher than 6,582.57 ng/Sm® of those in LNG
boiler. Naphthalene was the most abundant compound in both facilities. Phenanthrene, anthracene, and
acenaphthylene were the second dominant compound group in order from both facilities. BC oil boiler had
relatively high concentration of pyrene compared to LNG boiler that had high concentration of fluorene and did not
detect pyrene. The sum of 16 PAH concentrations emitted from MSW incinerators after APCD (air pollution
control device) was three times higher than those from MSW incinerators before APCD. However, the
concentrations of more than 4-ring PAH compounds (e.g., benzo (a)anthracene) before APCD were higher than
those after APCD. This fact implies that PAHs generated by combustion process are eliminated in APCD and they
are continuously produced in stack or atmosphere by PAHs precursors.
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A ZAAEH e olelst 2cloz PG AIE
E(coal tar JAZA B), 2817 27, 52 94 F

Q 55 2e 7 92U AFAm AL o
F W&ol Fe3 8oz dHA T gl (Arey,
1986; USNAS, 1983) olgat MMl 9l
Fa €7EAT Zel

Jeral.,
el = A el A §-
e YT 29EAL olF (A7 ofF)el 2
A= odgke h=oly g8 ¢t} (Macpherson ef
al., 1995; Kato et al., 1992). o}& t}ek3t Al 719l
HE =AI97159] PAHs 325 HAe]l7] ¢&xe
=A PAHs®| 2954 & AFF] Hrlsteof 319,
o|ZF A 7 wWEdelA S PAHse| o
g A=Al Hrle}l vlEe] PAHsS| E¥| - 3H3hH
B4 9 7] M9 AF =AY AEH B =
Akl A& Aw, FAHQ 73 2=lx v1F
% 22 ek 2qle]l mediAte] Hoh =3
PAHs¢} zh& wb 3P (7|sgkEe A% A
A W& F 7] FolM 2 EAEE 7)o w
gl F7)/dAde] A Bullrt o] A, H7] Fell
A R HAG ALEE7] w2l oj#d} uEx=
3 estety oAl A 32 1ok (U.S. EPA, 1995; Harper er
al., 1983). t)7) % PAHs 22 o|sjs}7] SJajr=
o8] vlefst w452 e AegRlow Hrg
HaeAe] vty RyE Hu 9\1_.L]-(Arey, J et al.,
1989; Pitts, 1987), |8t = s mElale] )
Z40A 1A% PAHs7} ‘H7]T°ﬂ"1 ofH ofef&
s A% et A4 FRAM 4% 4
}F A F-E (Harvey, 1991; Marcus, 1985)& |28}
V3= AR Aeiel & o, od RE &
S 38k wiEds} 97]%2] PAHs 3=¢9
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Table 1. Consumption variation of fossil fuel by year.

AL setabr)e BAHoE 39 ofele Aol
S HT Bo] YRR BelAN ol Tl 29
B FIA 7 EQeNH A PAHso) 3 o)

T s

-‘_ET (source profile, emission factor)s} o]} o332
b U7 Fwoe) AelolA] 4§29 (receptor
model) o] 2& A 43t HH, 7 LAY wiEd
PAHs7} ©7] % PAHs =6 o]x: 7= 27
o] 7153t FAbol A71H T 9ok (Hsi-Hsien,
1998; McKee et al., 1990; Daisey et al., 1989; Daisey
et al., 1985).

2 M= A&Ale] EA)51= 7} PAHs WA
AEe] MEA H715 PAHs gxol wlX| o33k
Tepated (48R H4) B 7 712 e)
"4 <] Source profile-2 AA 813} st

2. ALY

2.1 H|ER MY

=A B7)el 3&E FE PA
oksieh. vt olEd WlE4Y
PAHs W] 250 & Ala: w]$ 3HAF ) 9l
o, =3 o] ArFrAE AR 7tz A U
o}. o] Fopoll o) W)y T Hel¥ A2 EPA
ol ZF AN E2] PAHs vj&A 4o gt =A}
(U.S. EPA, 1995), Suess7} 714 3} As e o2
PAHs &2k o)8} ZA}(Suess, 1976), Ramdahl 5
o] m|= W] PAHs & Auke) 21 ~25%% AF3}
W 7] 7k2e 71QlEE, B3] deAlel 1 FH A o
Me Ao 97 e a2 ulsle oS

a

AHs W &2 wl$

oA W& s

lo rl

Coal Petroleum LNG EP*
ton 1,000 barrel 1,000 m? Generation Consumption
MWh

1991 4,792,495 64,053 736,740 2,286,105 17,060,163
1992 3,443,616 78,861 920,849 2,264,066 18,370,162
1993 2,338,778 90,259 1,304,487 1,704,841 19,870,468
1994 1,332,036 67,966 1,680,000 1,868,549 22,253,595
1995 778,924 73,414 1,906,000 1,755,219 23,565,808
1996 452,706 90,123 2,161,978 1,763,186 25,686,055
1998 254,538 84,344 2,632,943 865,343 26,161,714
2000 226,358 66,664 3,030,833 1,059,414 31,395,005

Source: Statistical yearbook Seoul (1992~2001)
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AgAolgtn ¥3l 28-S £ 4 v} (Ramdahl ef
al., 1983). 22t Futell A ol2id wiad S oA
¢ 22k AEE Bobd 4 glol B ATIAHE PAHs
F8 e ARt F9oM A7 A=E
(U.S. EPA, 1995; Nasrin et al., 1995; Nasrin ef al.,
1994; Roger and Hang, 1994)3} A]-2-AJellA] WzF AL
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Fzste] 29 A E 1S 199190
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Fae Rale VeI,

£ 164 ehd Mete] amge dibhos 2
AHE 242 19914 H|sle] 2000Q == 1
Ahgakel 120 olalgdeh. o7 e TRV At
Aa} el BASHE PAHs7E B171% 2ol 217
W 1) =27 how], Aol g 7}
ZR = A6-9 AvlE 1087 o
Aol Wlsfe] Ahgape] 2 WE glo] Y
& 4 Ak AY svlFe 22 AR o 20
Am AR Z7HE o, AEAlM AAkEE
Agee 7 Aoz AHYARE 3 A A
B (Muh M) Abgel mhE w7|Se] o3k =A)
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zHlge] FEEE 4 & Aok ol Tel8}
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of 1wl g9 o] au] HEL Hehagare]
(ES %% AARad At Ak Ao

Wb o] b2 PAHs Wj&5A 333

e WAe Al
Afranle] AdERs AHEET ole o5 eddd
Hzsh= AEaE wl7) 7k odaks °J°}£7l 23}
of AEx A4 EldE AAINEG 7Y 299
7> W71% PAHs 3= 7l xrt 2 <4 “H
Z3o] Z AT AR AdEE Al F
A} 7}2~ (liquefied natural gas, ©]8} LNG)2} %‘-Z&l—?r
(heavy oil, |8} B-C oi)Z Al-43}= Hag A4S
AAsE e ey e HARE $she] ek ol
JAde A, 53] LNG vk Agas 2t
A Qle] H71F ZHAxrt E Aoz dAEE
7l E0-2-(Suess7t ZALRE Akgol wpad A7)
Zo2 wl&EsEY: PAHsES] <F 30~50% A== 7}
Aol A it} Aol Hagt M A8 A4 59
Abgef s AEHcky B wdhwl ¢lo) (Suess,
1976)). oh2 wi&dol| HlsiA 7 A 2 6k
&9 B LA o8 BB visle] 33 2
of "]EJIHEF FA el ofE]go] ol AlAF . Z
&9 dubd AR (A )E £ 20 ep Kk

2.2 AlB 3

PAHss} ko] AolA 7hygabgel ¥ 747 o
del 4 vz Eashe 4942 & A2 4713
YEASE dAoz B ARel AAL Ax ag
% AEY 52 A 47 ABAE ALY AL A

A} A go)| Bak B A2 E e 4 gl 29w
gl B el e QRAE ZEAA PAHsS) £4)

WS o & U BT HEL 1] U 2AE A8AM F 4% F71AF7] Middle Volume
Table 2. Sampling information for the emission sources.
Incinerator 1 Incinerator 2 Boiler 1 Boiler 2 Tunnel | Tunnel 2 Atmosphere
Sampling date 2000/03/20 ~ 2000/04/25
Feedstock MSW MSW B-C il LNG - - -
500 ton/day 400 ton/day x 2 4 ton/hr 15 ton/hr - - -
APCD* Bag house Ep” Cyclone McC* - - -
Flow rate of exhaust (m%¥hr) 33,000 31,700 4,620 12,325 - - -
Exhaust velocity (m/s) 13 15.54 3.65 4.21 - — —
Exhaust temperature (°C ) 185 215 222 132 11.2 10.8 5~15
Humidity (%) 20.6 245 10.8 9.19 45 445 32~89
Stack diameter (m) 1.4 2.01 1.2 1.7 - - -
Stack height (m) 150 150 27 30 - - -
TPM"(mg/Sm»‘) 5.5 3.8 60.8 1.7 0.69 0.89 0.1~0.5

“Air pollution control device "Electrostatic precipitator ‘Multi cyclone “Total particulate matter
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Fig. 1. PAHs stack sampling system.

Sampler, Grasby Andersen GMW PS-1, U.S.A)E A}
4311t 7114 PAHs A& 35 $siME 4 Al
25 #2123 (D : 6cm XL : 9cm)elel} polyurethane
foam (PUF)&- Alolol] F31 9 50g2) XAD-2(Sigma,
20/60 mesh) 2|2 7189 E2 & Algslgc). o
S ARt Alg A#E Al =W 16% PAHs
ZolA 713 3 Alo] 738} naphthalene=. 99%71%]
AH7 7hssletn A2 Qo) (Khalili, 1992). 9
TR+ REole Al FHE PAHsE
A7) A3 Ad4-FeI#] (Whatman QMA, 4")&
AABAS. el 37187} Basle 4=
EF 3ol BE AEYE o4 A% el
Z1A&7t Bobehe o3 =9l oF 2.25 cm/sec} 7
< FFEeE fARES 37 s, AAFFE
180 /min o 2. A} s}od, A|& o} 23~244]7F A& A
A5t

Al A o} 7bAtell M 2] A8 Al # = CAE (clean air
express) isokinetic stack sa— mpling system A0 E A}
43}, YA A8 YXodx] (thimble filter: 88R
25 %90 Toyo Roshi Kaisha, Ltd.)ol], 7} A|83=
XAD-2¢} PUFel] ¥AH =% 3l9lch vl& 7 (stack)
EAFe wWiEvls 52 A5 FF0 w87

[~

=

7137358 =) #2090 A 35

~125 m/sec HAE e AladHe 545F
o APl (2F 10/min)E 5~6A17F B9t 3~4mi A=
o) A2E ARsdch o) BEYY) W47 1 57
o dalME= 28 1o =A8Th A4 XAD-2 4
7], PUF 18] 1 thimble filter= A& el 242 A}
g o] g3t HolF=aAA vAAFelo]= 1
dede A4 ¢3AA FAH A& S e B
S AAZ F o]F FAT AL F =T 459
Aarke &5 sjolN 4~6213-5< 212 (Condition-
ing)sted Folali &S <A Az A7) F AL
A 7R dFuly zdz PEste] nasioisl A
43kt

AHH ABF9 PAHs: 2%, &5, Wol] 5% o
g ov, B3] x| w3kl A HF -79°C
o RAFE w 7Pt S4lo] e Aoz By g
v} 9lt} (Baek, 1988). ek A7t B¢ ARE 7}
53 2 ulz 2L siglom, Bk BAo] xdg
Aol Yoy 292 "R F -70°C Az wast
il

2.3 EMUAEE 3 Euy
PAHs7} Aol of7}sk= wWol9A o wqle] 7}



374 Sl M= EPA, IARC (International Agency
for Research on Cancer), NTP (National Toxicology
Program), WWF (World Wildlife Fund), EU %2} =7}
U 713 FelA oln] Ae)E g uh ook 2 A
SlAl: 1,896/ o 4A} Edghn el
(Zander, 1983) PAHs % EPA|A 3tAstdo=z =
23}, Al ¥ =r}t Zoeky Rl l6Fe A
st}

Alg B2 Hewlett PackardAF2] HP 6890 series
GC2} HP 5973 Mass Selective Detector7} A&z o
7% GC/MSDe| HP 6890 auto injector %! controller
A} QAE Asde Aesac ded gy
PAHs &g $8le] AM4d 7I&8viFE243=
DionexAFe] ASE 200 (Accelerated Solvent Extractor
200y& AH8-3tgl o, A 2552 BuchiAle] A %
Z7]¢} Organomation Associates AF2] AAxZ7)E
ARkt Aol ARl Ae]l7b (Merck KgaA,
Germany)-2 60~230 mesh2 130°CollA] 18417} &
AtAZ) 5 A7) A HAFA o Elel A 3083 1w
B F AHgEkdeh g feda] d 2] - zkgA oz
Ade] 3L =R 5 e 7IFe 2Ae 25
400°Coll A S5A|17E o] A FaF F ALg-5}9T) (EPA-
TO 13A). =3 Ao AMEH 2= A|gz) 3540
E e (B00)F olihE AHEEle, BEolv} 2.¢del
A% A xg A3 FarZe-

dejol] #2438 Algo)M PAHs %2 &5 87
Al A ef wpfel] w)ste] EAjo] glom,
A2 oFe] SuArg, B FE2A7 59 A & 7}
7l 7He-gmi 223 A] Ao wEabg 4oz &
10% (viv) Gl 2 ofjg =898 (10% diethyle ether in
n-hexane (v/v))& AH&-3hd.om (b4 5, 2000),
=3 PUFS] dsiM s 212 vphy-& #gsigict). 1e
1} XAD-2 2= 71 B4 (EE ) 218 k]
W hsstdon, 36 AMEE gl MAd S
ghe] =& A3t

PAHsE ¥As17] flste] B, ARIAl I=lx &
A AFY Alse) A% A HR 23T
A 4% acenaphthene—d,, chrysene—d;,, phenanthrene~
d,o, perylene-d, (U.S.A. Supelco, EPA 525 PAHs

whal i el whE PAHs Wi EEA] 335

Internal Std. Mix. 48242)8 #7}5le] AlE& 3lgdch
PAHs Felol ARt ZH2 w]FAdod 7|84
% % NUA S8 B4 A 1o
® PTE-5™(30m length, 0.32mm LD, 0.25um film
thickness)& AR&3lglel. S04 (carrier gas)y= &
AT AN A, §4-2 1.0mi/ming 2815
ok AlgFEupge 7E 994 (split mode, split
ratio : 1/10)& AH3ldvt. HAE-e 2208 A3
98k 1629) PAHs7} 2+ 10pg/mie] 22 So
Ue WA Fzetels EF4EY 1u/E GC/MSD
(scan mode)oll FJake] Fahaiet. olelq 7oA
7t PAHs®) Al e s 9.2 5 24240] PAHso)
el B2} o] 23 Bl o] -8 Adslgir). PAHs:
I F-zoA] &&F 4 9)5o] extended m-electron
structure 2 Z7}A| 2L 9le], +2A kA o] =& =}
oot Agadsde Gupm R Pl
(M7 7Hg =0 eide] (M) (M- 137, (M-
2) ol e0] Az vehdeh olF olgaked SIM
(Selected Ion Monitoring) ¥ 3} macro program-2-
$gsisdeh of Az} 717 ¥4 2Ae 7] @78
w=gol ols] AN} AT FRAT F 2001), 84
of Bt Alme] AL 74 px A AuksAl
= (relative response factor : RRF)E ©] 43 WjixF
Wow Aushalch 1659 PAHsS 0 A4S
WHEFEALS EPA TO-13A0] Wit Alge] A
F el dast ZAgds stz GC/MSe)
FYU5= ko) 0.02,0.1, 1,2,5, I0nge] H=Z 6%t
AL A &g o] A¥3 F3t 4 PAHsS) A4
&7} 099 ol4bE fAshe Ao vehdeh ¥4
71719} 73234 (instrumental detection limit : IDL)
= 16329 PAHs ZEoA] 10 pg (GC/MS 3]s
4] S/N (signal to noise) H] 5 ojAlejelet. A ekstA)
(method detection limit : MDL) = ul-d o 2 §/N H)
10 o]t o2 ZHpE Qe 2 AdoMe X(2e A
FE WE 2FEA 45E 200pey AA Al (53]
akE)ell FQlg & 2AEEE o, S/N ¥ 80
(acenaphthene—d,()ol|A] 160 (chrysene—-d,,) % =o]¢]
on ouf 7 BAe AmEHE= 10% o|st
el o] £3E 2 A3 Ak 2 dAsk
o} o] "7] & PAHs ¥=7} 0.01 ng/m? o] 4} Zx)
T o EAF 5 Qe el
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3. 4% o 1&
3.1 o|S2HaAS| PAHs Hi&ESA
=AY 9715 PAHs o BE 3T

A5 7 720) Je dobrr] 1%

A ke Wyl edede A W

(Dynamometer testing)3} AF53} A& E]'dellA] A&

2 AAsko] EAske 1w (Tunnel testing) F 744]

2 b & Atk A4S A AR ek

gL W7 FoAA wheAel 2 47198ENY A

% Xepe) ol wet ke MEHE 2B

o] W E5A (Profile)e =47 =t & glov, 9

nglote] AEE Ba 9o Fold o B

2) - 58 ukg] ARE Tt BrPsahcl (Hopke,

1991). Bldel ) EAe clopat el wj2se

ogEAe] WESAe]l £ Hel vehlx ol

olonk, A7) $HxAF d7l ezl WEHE

B8] stote] 7PsalA Aok mak B Vel Raol

39 che wlzge) EAa ke eqigdol A

ol o3 &R A5 Br) F 92 ELEH)

23} o= T 33k T o Eu|A] HlL-g Uz

AR T 4 ook SR B A4S

oA FasA sFelA 3 e (Hopke, 1991;

4:

JFE
“1— 1

rlo
N

Bruce et al., 1989). ¥ 241:;’-01]/\-]—“— 7] % PAHs %
o] g F o]F2¥e] PAHs wiEEAS
Shetair] Aete] ALAe) Ao 453 £

o B FAL o14T WRAE AT AR
ALEE 2H2F AW 2ke) By el A
5~73e A PUF7F AR & 4=F 371 A37)
(Medium Volume Sampler)E A48l A& AF
stck A=A 2 A5H FAGe A7
77,300 /day o)™, 7h& ko] oF 40,300%)
Azkepol oF 37,0002 vebgtet Al 5 vl
AAQ el 248 Ang A5, 249

AR BAE e B Aolrh 2A dgke

(SD = +18.7%) Bid W2 163 PAHs & >3
400 ng/m® FolQiek B DAY} MYV T
Wl 2ARE AEt Qol, FolAM 2ARE ARE
3} v wa AnE Welshed & 3o el 1993
3 Smith7} = (U.K.) Queens way road E]'doljA] =
2}8F 1,100 ng/m® (Smith and Harrison, 1996), Bruce”}
1986\d¢l] m]== Harbor wnnelsl| A&} Z=A A2} 102
TPAHsE 130 ng/m® (Bruce et al., 1989), Nasrin 5-o|
19903 78] 1992\del] HAH 2ARE A7k A9 5
A 49 FAFE= 10,000 ng/m® (Nasrin er al., 1995)
34 vwstd F e=d oM & Aelrt fehtx
9lt}. &3] Nasrino] FA}SF naphthalene®] 3%

_E..-lﬂ o,

Table 3. Comparision of PAHs concentrations obtained in world-wide road tunnel studies.

PAHs Com 4 Seoul* Queensway® Chicago® Harbor Tunnel’
EPA No. pour. ng/m® ngfm?> ng/m’ ng/m’

55 Naphthalene 23.21£2.13 117 8030 ND
77 Acenaphthylene 228+1.14 95.2 445 ND

1 Acenaphthene 381£1.11 114 168 ND
80 Fluorene 43.90+17.83 167 406 ND
81 Phenanthrene 101.274+16.89 333 300 29
78 Anthracene 28.58+7.21 51.1 177 139
39 Fluoranthene 69.13+18.43 47.5 117 20
84 Pyrene 81.49+18.38 553 193 27
72 Benzo (a) anthracene 12.46+£2.66 14.0 90.2 7.6
76 Chrysene 13.544+£3.23 25.8 77.9 12.0
74 Benzo (b) fluoranthene 3.594+0.60 11.6 43.6 ND
75 Benzo (k) fluoranthene 2.34+0.57 5.40 41.2 ND
73 Benzo (a) pyrene 2.05£0.61 12.7 62.6 5.8
79 Benzo (g.h,i) perylene 1.37+0.43 35.2 17.0 8.0
82 Dibenz (a,h) anthracene 0.05+£0.04 4.38 147 ND
83 Indeno (1,2,3-cd) pyrene 2.28+0.53 21.5 20.0 4.6

ND : represent not detemined; Seoul® : This study (Spring, 2000); Queensway” : Smith er al. (1996)(Annual average 1993); Chicago®

: Nasrin et al.

(1995) (Average of 5 site, 1992); Harbor Tunnel : Bruce et al. (1989) (1986 Winter).
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8,000 ng/m*& ¢]9] A8E 2dl= IARC (IARC,
1983), EPA (U.S. EPA, 1998) Soll ] b5l Hx}53}
= 10w} o)ake] zpo)rt e ovh Bld W9
naphthalene®] F %27} 8,000ng/m*e- 7zt el d5e]
Hel, 2kEw S Ak daAde
o Ao 7)dd = glov) ofsElr] o=
Folgirh 2B} Nastin S-o] 2AE o F-z3tel
AF A= naphthaleneg A} shal, & 2l
= o)yt UAjuk, 2t BAE 7he] A R)ela]
AFE Agke JehRgTh 165 PAHs A4 i
AFAIE G B vl A pErt vaA

=,

H ot

g o 2ok o 2

L
L

= ARE dEEd, o B AARA Aeldd
7198 Aoz ARFUG. & & A dAde] &
Elrde] o Edel] v|ste] wlw T Z1d=e]
ZA) gkl Jepgae S AfE st 979
3ko] o Edel Hlzle] U ‘_51151 ZAz}e}
A=k Bd e 74 B2 %«l % + phenan-
threneo] 101.27ng/m*=. 73 2 JJehyg

o pyrene, fluoranthene, anthracene, naphthalene o)
M@ e 2ol wste] Trwg heigin. ol
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Smith, EPA, IARC o] zA}st Z}e}
Ak el gle, B dFelA =
D Zk8E MEA] d7]1F PAHsE HE|str] AT
Modeling 7§HF A] o]% o
engines of mobile sources)?] %% vl&EA] (Source
Profile) 2.2 AMgdledw £ Fely wax ko)l
A7, 25 A7) AA B2E Aok gad
g o A A3E A8 4 e Ae= du
ek 39 2% Bld viRelM ARE AF s B
23 GC/MS 8 s mtg 5ot

do o2
TN

e

o
=

e
i

(diesel and gasoline

3.2 1F wiflofAe] PAHs HIESY

o] % 2.3 (mobile source)ol] F2Ixl o7 (Rodert
et al., 1997; Lee er al., 1995; Paul er al., 1995;

1992; Ronald ef al., 1990; Pedersen
et al., 1980; Yamamura ef al., 1979)= v|w3d e
Q37h olfeldn et wd WAL
source)ol] AL HE A7 I 47F AlHH
ol gt AT E= HjE¥o] Al = E"]“E‘P] =
B4Rl BT PAH] HalF Q7Fo)

Westerholm ez al.,

(stationary
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Fig. 2. PAHs chromatogram of air in tunnel using GC/MS.
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Table 4. Source composition of B-C fule emission.

PAHs Filter conc. PUF conc. Total conc.
EPA No. Compound ng/m? ng/m’ ng/m’
55 Naphthalene 174.47+30.29 9623.00£ 1670.64 9797.47+1700.93
71 Acenaphthylene 7.61+0.53 162.86+11.29 170.47+11.82
1 Acenaphthene 0.03+0.01 0.52+0.18 0.56+0.19
80 Fluorene 1.56+0.64 3.87+1.58 5444222
81 Phenanthrene 173.30+£21.39 301.60+37.22 47490+ 58.61
78 Anthracene 185.46+21.17 224.77125.65 410.23+46.82
39 Fluoranthene 0.04+0.02 0.18+0.09 0.22+0.12
84 Pyrene 52271242 86.97+20.67 139.24 +33.09
72 Benzo (a) anthracene 0.77+0.16 9.99+2.12 10.76 £2.28
76 Chrysene 1.64+0.43 0.08+0.02 1.72+0.45
74 Benzo (b} fluoranthene 1.18+0.57 0.04+0.02 1.224+0.59
75 Benzo (k) fluoranthene 1.03+0.24 0.16+0.04 1.1940.28
73 Benzo(a) pyrene 1.04+£0.37 NA 1.05x£0.37
79 Benzo(g,h,i) perylene 1.41+£041 NA 1.41+£0.41
82 Dibenz (a,h) anthracene 0.22+0.16 0.011+0.01 0.23%+0.17
83 Indeno (1,2,3-cd) pyrene 40.49+8.84 0.01£0.00 40.50+8.85
NA: means compound was not quantified
Table 5. Source composition of Liquefied Natural Gas Boiler emission.
PAHs Filter conc. PUF conc. Total conc.
EPA No. Compound ng/m* ng/m? ng/m*
55 Naphthalene 105.99+12.42 5845.74 %:685.26 5951.73 £697.68
77 Acenaphthylene 5.11+041 109.444:8.69 114.55+9.10
1 Acenaphthene 0.02+0.01 0.25%0.14 0.26x0.15
80 Fluorene 26.23+5.40 64.98+13.37 91.22+18.77
81 Phenanthrene 74.52+£12.96 129.69+%22.56 204.21+35.53
78 Anthracene 85.56+15.60 103.69+18.90 189.25+34.50
39 Fluoranthene 0.0340.03 0.14%0.11 0.17+£0.14
84 Pyrene 1.08+0.29 1.79+0.48 2.87+£0.77
72 Benzo (a) anthracene 0.68+0.16 8.8242.07 9.50+2.23
76 Chrysene 1.29+0.50 0.06+0.02 1.35+£0.53
74 Benzo (b) fluoranthene 1.25+0.54 0.04:.0.02 1.29+0.56
75 Benzo (k) fluoranthene 0.44+0.09 0.07£0.01 0.50+0.10
73 Benzo (a) pyrene 0.54+0.20 NA 0.54+0.20
79 Benzo (g,h,i) perylene 0.70+0.35 NA 0.70+£0.35
82 Dibenz (a,h) anthracene 0.04+0.02 NA 0.04+0.02
83 Indeno (1,2,3-cd) pyrene 14.38+3.84 NA 14.39+3.84

NA: means compound was not quantified

AAJ5EIL Qlod, Ak FA A W& (A HE Al
2 47) F3) A3E ol ed et (Ingrld et al., 1993; Kenji
et al., 1989; Renestad et al., 1987; Colmsjo et al.,
1986; Griest et al., 1986). ©]-2-0] 2 ofr= o] 3}
ArE Z& 7 glod, B dFEAe vlmsp)s}
o2t

ArgQAet a7 A WESHE PAHs WlEEA S
welslz] 9)sled CAE (clean air express) isokinetic

fZ 78RR 2209 3%

stack sampling system A0S AL8-3lod, A} Aol F
A%)e] 2A)SF PAHsE QEoixel, 7kattos =
A sH= PAHs: XAD-2¢} PUFE Apgdle] A
Aok 7 27 Agele) ARAAE 1Y BHe=
33lell AR Aslglon, £7pA)d o] B Ald A
2o} SRl FUT o) ARE AR
A7 AM 8B ARSSs MSWE | T4
A &R e AT A8k, w3 AlgAF 7|3t
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Table 6. Source composition of Incinerator (through APCD) emission.
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PAHs Filter conc. PUF conc. Total conc.
EPA No. Compound ng/m* ng/m’ ng/m*
55 Naphthalene 187.22+£9.88 10326.35+544.76 10513.57+554.63
77 Acenaphthylene 5.41+0.67 115.83+£14.34 121.24+15.01
1 Acenaphthene 18.78 £4.87 288.78+74.89 307.57+79.76
80 Fluorene 31.01x7.59 76.82+18.81 107.82+26.41
81 Phenanthrene 105.50 £ 14.09 183.62+£24.52 289.12+38.60
78 Anthracene 109.23+£16.34 132.39+19.80 241.62+36.14
39 Fluoranthene 0.06+0.01 0.25+0.06 0.32+0.08
84 Pyrene 22.87+5.36 38.06+8.91 60.93+14.27
72 Benzo (a) anthracene 0.40+0.20 5.19+2.56 5.59+2.75
76 Chrysene 1.19£0.53 0.06+0.03 1.25+0.56
74 Benzo (b) fluoranthene 0.41+0.12 0.01 £0.00 0.43+0.12
75 Benzo (k) fluoranthene 0.64+0.15 0.10+0.02 0.74+0.17
73 Benzo (a) pyrene 0.75+0.30 NA 0.76 +0.30
79 Benzo (g,h,i) perylene 0.20+0.12 NA 0.20+0.12
82 Dibenz (a,h) anthracene 0.06+0.02 NA 0.06+0.02
83 Indeno (1,2,3-cd) pyrene 20.96+3.40 0.01£0.00 20.97+£3.40
NA: means compound was not quantified
Ro}l (3Y8) MSW =A »} °a/“7~ AL wwA d9A ylene, fluorene =02 epgde} of FAW)E B-C

2229 PAHs

B-C 8% 243l wiEdaAe A d=
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£+ 11,056.61 ng/Sm’e|Qick. 7H3 o] wiEHE &
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2 zx)3}yg o} t}-2-©2. 2 phenanthrene, anthracene,
acenaphthylene, pyrene So| the B2 Lo vls)| vlw
4 e s Jegten, e} 4718 714 pyrene

& Aospd HRE 38 374 ofste] BAEe] F=
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Table 7. Source composition of Incinerator (before APCD) emission.

PAHs Filter conc. PUF conc. Total conc.
EPA No. Compound ng/m? ng/m?* ng/m’
55 Naphthalene 70.0546.72 3863.58 £370.85 3933.63+377.57
77 Acenaphthylene 2.65+0.97 56.78+20.74 59.43x21.71
| Acenaphthene 0.81£0.30 12.39+4.68 13.20+4.98
80 Fluorene 1.85+0.85 4.59+2.11 6441296
81 Phenanthrene 51.584+5.62 89.77+£9.78 141.35+£15.40
78 Anthracene 64.20+8.56 77.80+10.37 142.00+18.93
39 Fluoranthene 0.19+£0.08 0.77£0.31 0.96+£0.39
84 Pyrene 10.50+3.23 17.474£5.38 27.97+8.61
72 Benzo (a) anthracene 1.42+0.42 18.37+5.44 19.79+5.86
76 Chrysene 1.41+0.48 0.07£0.02 1.48+0.50
74 Benzo (b) fluoranthene 1.92+042 0.07+0.02 1.99+0.44
75 Benzo (k) fluoranthene 1.30+0.45 0.20+0.07 1.50+0.52
73 Benzo (a) pyrene 2.201+0.80 0.01+0.00 2.20+0.80
79 Benzo(g.h,i) perylene 1.29+0.11 NA 1.29+0.11
82 Dibenz (a,h) anthracene 0.8240.23 0.04+0.01 0.86£0.24
83 Indeno (1,2,3-cd) pyrene 38.57+10.82 0.01£0.00 38.58+10.82

NA: means compound was not quantified

el PAHs: acenaphthylene, phenanthrene, anth-

racene, fluorine, pyrene <=¢| it}

29 HXA|M 3 M AlZ: 1] EPA°||A] naph-
S xF3t 1682 PAHsE Aoz [x-Q)
ks I BH%%% AFEEE Ao A

2o A ] ST S, 9

r\o 2

25 PAHsZS o} wj2gell ulsiA
9ol el A e o] B, B

Qe Agol7) WEel B9 B ByFE o
A PE Wlshe] oS Fpom, BFHY Al
27bo] o] golA7] el AmAAet BAe B
ofel&e] mET) o2l WAAe] Ak A7
A5 2PA =H 470 iE
Aol WA AL

EEAX3} A3l
E9s87] Ao Alget oW A

A el denr] slsiel HANAE B3
st7] Ae] Alag ARst] 2Hsigen, o 248

= 79 Jepgeh =
7] #2] XPAHs ¥

7ol »® APCDE £33}
= 43926719 ng/Sm*Z2 HFA)A)

A EF3 Ame 13 45302 vephld 163
PAHs % naphthalenco] WAAAS BAF A=)
Fdsl 7 B2 =g Uehiged, 318 37

2 717 EA LA E= phenanthrene, anthracene,

7|3 EEA] A 204 A3 &

acenaphthylene o2 veht} urj S 73 A)
Z AtolE vehi et §3] )57t 40 oA

-4 benzo(a)pyrene e BAE 9lolME= wkAA)
e ENY Anc) 039 ¥ e b s
o} 249 RS w=w] PAHs A 5% EAL
WAl 2] 271l naphthalene2 % 1—°] 7]—/\*,} o3
o]l ZA3}u, 37] ©]8}2] phenanthrene, anthracene
S A% 90% olife] Sliitez EAST S A
2= dHAR QU LYFTE 4~54 oAl
fluoranthene HE]i= Bxleke] Z7}ax2 (344 o)
oF} M) Skt B Bgol AojHoe Thas)
™, benzo (k) fluoranthene ©]Ake) 53182} PAHsE9)
M A st AR Aoz deA|a §)
o} (Lara et al., 1995; Winberry et al., 1988; Yamasaki,
et al., 1982; Tucker ef al., 1979). o] AE-2g 1
g o A daFeA) Y PAHsE HHA)
AREE AY FAARAA olgshe FHA oA
APCDeIA 4B (= YA Balo] E2% PAHs)
AARE Aoz 29T & 99 w3 Aol
A dAE 3Elerh 2 PAHs oF 1 A8
(precursor)‘: e o]E)3t FHA M Zvl TelSs)
£ PAHsZ AAsHe Aoz WebEnt, ouin R4

°ﬂ VH‘P Bagt dle 7] Al S

F7} ed Ao ArAYe.

“JX]AV-;!% S335p7] W] PAHs FEEHL

i)
rd



o] Rooksarvi o] 23-9] =A|H 7| & wfg=]el| 4] 7]
F Rk (heptane), Y} F& ALFAER dte T
Al YA 7| BE &7bete EA3 A8} fluoran-
thene-e A &sta: A= A ARsH3T} (Rooksarvi
et al., 1995). (Rooksavi 5-& naphthalene2 ZA}3}4)
orol o] HA3be Ale)) w3 Nasrino] ZAEE 28
2™ Ezx) i A] fluorantheneo] WA who] wb
Agletar ¥ 518131 g)e] (Nasrin et al., 1993), ZAFE
AH AdaFANME FA7 AL E£FEHA o}
fluoranthene?] &= A}oli= ojel 7]Ql& Zlo] opls}
AZy=)gjc). o] 2loll = Benestadt % (1990)7 Ochme
T (1987)el 2JFA AR xAH AztEel Hi3 2ls
e B ARAIN} vz A dXEen, w3t
Bergstrm and Bjrner (1992)7} A& Alej|A] Al&13t A3}
She 7 Aelrh 3A] ol o) AW AT AN
o) G 27T WA wA 4] NEEY
o7 AMgdlel® & FuEe u2r] v $4%
4 slgert, % Bebdql A3yt e’ Felwh
Atz Ech

4. 4 =

sgude] A8s 7+ "YU E2] PAHs Source
profile® Aal7] S1¢ 4T A e} e 2
24 9¢ + e

L ol5edee) PAHS 2S4S S 43t o
d 9] 16% IPAHs S =& 391.41ng/m’ o]$l o,
7y BAE9 %% phenanthrenee] 101.27 ng/m’=2
7P ¥ F=E yebislew, pyrene, fluoran-
thene, anthracene, naphthalene®] 402 2 =L E
e

2. ool #j2E = PAHs: B-C 48 AH3
L 2o A 16% YPAHs sx3 11,056.61 ng/Sm’
02 INGE daz A3l A4 (6,582.57 ng/Sm?)
B} 2 ojAe) w2 FEE dEMisin ¥ A4
2T 52 &= s B4 318 374 o[3ke] PAHs
2 Agrgz AAsPd 98% oAE vepgith &
3] o] FollAx 2] 27<¢] naphthalenee] x}X|s}=
w52 o 90% A=k 7 FAE wE54-2 B-
C & AHgshs AAdME o 90%4= W&l
naphthalene ¥}8-2 2 phenanthrene, anthracene,

WAl b PAHs W E54 341

acenaphthylene, pyrene <=2 3 vebgc} LNGol|A] &=
naphthalene, phenanthrene, anthracene, acenaphthy-
lene 712 B-C $-8 AMg3h= B e} 53t o
A2 el o), pyrene A HEHA g2
HH fluorene-& ZA] F7hd 548 Jepidet

3. MSWE 47t 444 AdodlAlE APCDE &
A3 Almet FABHA] - AlBolA2] PAHs wjZ
AL 2 Aol & vep ol Wl &5 = TPAHs ok
APCDE 5348 Al87t B33l 2 Algel s}
of 37t 22 peE ehgde 2y 1e] )
ojAke] AT APCDE E3317] Holl AR
A#e M2l F=7} benzo (a) pyrene- 3ull, benzo (a)
anthracene-2 4u]] o]A}o 2 APCDE E33}lr] Aol
AHAE A 5elAY =t B8 Fo Aany ¥
> FES Jehldd) oldt ARSI A7
43X A= PAHs: APCDollA X (4A}
EAe] F2% PAHs)BHo] AAHE 7oz F
5 o, =3 dadAl WA e
-2 PAHs ¢} 2 AF54 (precurson &= o] 3l
AolA] Fv FTE]7t @2 PAHsE AR A
o7 geE, o]e]dh At gk WEEE Wl
F95p7) Sare el @7l Bew

NEE Y

_\‘Lozi 0.|>L o l‘l

B

|

sl

i)
Ha

¥}
2
4
N,
o
o
]

L ZdHled, g, =LA (2000) 1%
Spafel wAPET vedT
314, 16 (6), 595-606.

Hp, o) ml, Z14F F71™, 29 (2001) Bk Mg
Al d71% PAHs ol 2] ¥ 3= 7)3
7831, 17(2). 179-192.

AMEEH A 2001) X2 7.

Arey, J., R. Atkinson, B. Zielinska, and P.A. McElroy (1989)
Diurnal concentrations of volatile polyeyclic aro-
matic hydrocarbons and nitroarenes during a photo-
chemical air pollution episode in Glendora, California.
Environ. Sci. Technol., 23, 321-327.

Arey, J., B. Ziclinska, R. Atkinson, and A.M. Winter (1986)
Policyclic aromatic hydrocarbon and nitroarenc
concentrations in ambicnt air during a winfer time
high—-NOx episode in the Los Angeles Basin, Atmos.
Environ., 21, 1437~ 1444.

J. KOSAE Vol. 20, No. 3(2004)



342 bR §3A - AU - 2FE - 2N

Badger, G.M. (1962) Nat. Cancer Inst. Monogr., 9, 1-16.

Baek, S.0. (1988) Significance and behaviour of polycyclic
aromatic hydrocarbons in urban ambient air Ph.D.
Thesis, Imperial College of Science and Technology.
University of London.

Benestadt, C., 1. Hagen, A. Jebens, M. Ocehme, and T. Ramdahl
(1990) Emissions of organic microp—ollutants from
discontinuously operated municipal waste incin-
erators. Waste Manage. Res. 8(3), 193-201.

Bergstrm, J. and B. Bjrner (1992) Dioxiner och brander vid
avfallsuplag. Malm, Miljkonsulterna 1 Studsvik
AB. Stiftelsen reforsk. Fo U nr 68, 94 (In Swedish,
with English summary).

Bruce, A., Benner, Jr. Glen, Gordon E., and Stephen A, (1989)
Wise Mobile Sources of Atmospheric Polycyclic
Aromatic Hydrocarbons: A Roadway Tunnel Study,
Environ. Sci. Technol., 23, 1269-1278.

Colmsjo A.L., Y.U. Zebuhr, and C.E. Ostman (1986) Aumos.
Environ. 20, 2279.

Daisey J.M. (1985) A new approach to the identification of
sources of air borne mutagens and carcinogens :
Receptor sources apportionment modeling. Environ.
Int., 11, 285-291.

Daisey J.M., J.L. Cheney, and P.J. Lioy (1986) Profiles of
organic particulate emissions from air pollution
sources: Status and necds for receptor source
apportionment modeling. J. Air Pollution Control
Association, 36, 17-33.

Griest, W.H. and B.A. Tomkins (1986) Environ. Sci. technol.
20, 291.

Handa, T., T. Yamamura, Y. Kato, and S. Saito, Ishi. (1979)
Environ. Sci. Technol. 13, 1097.

Harper, S.L., J.F. Walling, D.M. Holland, and L.J. Pranger
(1983) Simplex optimization of multielement
ultrasonic extraction of atmospheric particulates,
Anal. Chem., 55(9), 1553-1557.

Harvey, R.G. (1991) Polycyclic aromatic hydrocarbons
Chemistry and carcinogenicity, Cambridge Univer-
sity press.

Hopke, P.K. Edit (1991) Receptor modeling for air quality
management, Data handling in science and tech—
nology 7, Elsevier science pub., New York, 329.

Hsi-Hsien Yang, Wen-Jhy Lee, Shui-Jen Chen, and Soon-
Onn Lai (1998) PAHs emission from various
industrial stacks, Journal of Hazardous Materials
60, 159-174.

IARC (1983) Polynuclear Aromatic Compounds, Lyon,
France. 32

[ 1A =] A 209 A3 %

Ingrld, F., V.B. Bert, M. Stellan, S. Blrgitta. B. Niklas, and R.
Christoffer (1993) Environ. Sci. Technol. 27, 1602.

Kato, N. and H. Akimoto (1992) Anthropogenic emissions of
SO, and NOx in Asia: emissions inventories,
Atmospheric Environment, 26A, 2096-3017.

Kenji, Y. and K. Mikihiro (1989) JAPCA 39,1557

Khalili N.R. (1992) Aunospheric polycyclic aromatic hydro-
carbons in Chicago: characteristics and receptor
modeling Ph. D. thesis, Pritzker Department of
Environmental Engineering, Illinois Institute of
Technology, Chicago, Illinois.

Lara A. Gundel, Victor C. Lee, Kariyawasam R. R. Mahanama,
Robert K. Stevens, and Joan M. Daisey (1995) Direct
Determination of the phase distributions of semi-
volatile polycyclic aromatic hydrocarbons using
annular denuders, Atmospheric Environ. 29(14),
1719-1733.

Lee, W.J., Y.F. Wnag, T.C. Lin, Y.Y. Chen, W.C. Lin, C.C.
Ku, and J.T. Cheng (1995) Sci. Total Environ. 159,
185.

Macpherson, J.I., R.L. Desjardins, O.H. Schuepp, and R.
Pearson (1995) Aircraft—measured. ozone deposi-
tion in the San Joaquin Valley of California, Atm-
ospheric Environ. 29(21), 3133-3145.

Marcus Cooke and Anthony J. Dennis (1985) Polycyclic aro-
matic hydrocarbons Mechanism, Methods and
Metabolism Eighth International Symposium,
Battelle Press.

McKee, G.A., R.A. Wadden, and P.A. Scheff (1990) Develop-
ment of a two-phase chemical mass balance
receptor model. In proceeding of the 83th Annual
Meeting & Exhibition of the Air & Waste Manage-
ment, Pittsburgh, PA, USA.

Nasrin, R.K., A.S. Peter, and M.H. Thomas (1994) Atmos.
Environ., 28, 2380-2386.

Nasrin R. K, A. Peter and M.H. Thomas (1995) PAH source
fingerprints for coke ovens, diesel and gasoline
engines, highway tunnels, and wood combustion
emissions, Atmos. Environ. 29 (4), 533-542

Ochme, M., S. Man, and A. Mikalsen (1987) Formation and
presence of polyhalogenated and polycyclic com—
pounds in the emissions of small and large scale
municipal waste incinerators. Chemosphere, 16(1),
143~153.

Paul, J.T., M.R. Micheal, D.P. Rodin, and B. Jim (1995)
Environ. Sci. Technol. 29, 2871.

Pedersen, P.S., J. Ingwersen, T. Nielsen, and E. Larsen (1980)
Environ. Sci. Technol. 14, 71,



Pitts, J.N. Jr. (1987) Nitration of gaseous poly aromatic
hydrocarbons in simulated and ambient urban
atmosphere: a source of mutagenic nitroarenes,
Atmos. Environ., 21, 2531-2547.

Ramdahl et al. (1983) Mobile Source Emission including
POM Species, D. Reidel Pub., 277-298.

Renestad, C., A., Febens, and G. Tveten (1987) Chemosphere
4, 813.

Rodert, L.M., D.R. Jeffrey, and S.G. Michael (1997) Environ.
Sci. Technol. 31, 1144,

Roger, W. and L. Hang (1994) Environ. Sci. Technol., 28,
965-972.

Ronald, E.R. J (1990) Air Waste Manage. Assoc. 40, 1391.

Rooksarvi P., J. Ruuskanen, M. Ettla, P. Rahkonen, and J.
Tarhanen (1995) Formation of Polyaromatic Hyd-
rocarbones and Polychlorinated Organic Compo-
undss in Municipal Waste Landfill Fires, Chem-
osphere 31(8), 3899-3908.

Smith, D.J.T. and R.M. Harrison (1996) Concentrations,
trends, and vehicle source profile of polynuclear
aromatic hydrocarbons in the U.K. atmosphere,
Atmos. Environ., 30(14), 2513-2532.

Suess, M.J. (1976) Sci. Total Environ., 6, 239-250.

Tucker, S.P. (1979) Analysis of Coke Oven Effiuents for

polynuclear Aromatic Compounds, In: Analytical

[
[}

4y o) whE PAHs W E 54 4
Methods for Coal and Coal Products, Volume 11.
Chapter 43, 163-169.

U.S. EPA (1995) Locating and estimating air emission from
sources of polycyclic organic matter. External
review draft report, Research Triangle Park, North
Carolina, Radian No. 298, 130-43, September.

U.S. EPA (1998) Locating and estimating air emissions from
sources of polycyclic organic matter, US EPA -
454/R-98-014.

U.S. National Academy of Sciences (1983) PAH~-Evaluation
of Sources and Effects, 477.

Westerholm, R., J. Almen, H. Li, U. Rannug, and A. Rosen
(1992) Atomos. Environ. 26B, 79.

Winberry, W.T.jr., N.-T. Murphy, and R.M. Riggan (1988)
Methods for determination of toxic organic com-
pounds in air—-EPA Methods. Noyes Data Co.,
New jersey, USA, 370-466.

Yamasaki, H., K. Kuwata, and H. Miyamoto (1982) Effects of
ambient temperature on aspects of airbone poly-
cyclic aromatic hydrocarbons Environ. Sci. Tech.,
16(2), 189-194.

Zander, M. (1983) Physical and chemical properties of
polycyclic aromatic hydrocarbons. Marcel Dekker,
New York, 1-25.

J. KOSAE Vol. 20, No. 3(2004)



