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Abstract

We determined 6 polycyclic aromatic hydrocarbons (PAHs) (fluranthene, pyrene, benz(a)anthracene,
chrysene, benzo(a)pyrene, dibenzo(a,h)anthracene). A total of 129 samples had been collected from September
1990 to September 1994 on 2 different types of filters (quartz fiber filter, glass fiber filter) by a PM-10 high
volume air sampler at the Kyung Hee University—Suwon campus. The organic components in the PM-10 were
cextracted by an ultrasonication process with benzene:ethanol (4:1, v/v) prior to the analysis by using a GC/FID.
We had also investigated the decaying quantity of 6 PAHs at the room temperature.

For example, chrysene was decayed by 56.7% after 4 days and benzo(a)anthracene by 84.2% after 30 days.
All of PAHs were almost completely decayed after a year. We extensively estimated the decay rates by
regression analyses for existing 18 raw data sets. Based on the decay rate constants (), pyrene was rapidly
decayed by 19.0 x 10"¥day; on the other hand, dibenzo(a,h)anthracene slowly by 0.7 x 10-%/day. Applying the
decay rates of PAHs on stored and dated samples, we could reasonably determine annual and seasonal
concentration averages of PAHs in particulate matters smaller than 10 um.
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o] F3 YT HrIRAAAM FEEH
(Broddin et al., 1980). dubHog wZE 7t F 9
A 2x= A 2¥ (bimodal distribution)Z ®o]7|
ot PAH #3829 JAEEE LumelAd 23 55
Kol tle) E¥ (unimodal distribution)& X.ald},
0.1~1pm W9 4z 271 9 H&E} Mg 52
AL # A5e] ARE M v FHT A2
2 odelx 9t} (Baek ef al.,1991; Van Vaeck and
Van Cauwenberghe, 1984). X3 PAH #3E>
EoF A, SAE FollM HEHZEA o A
PAHse| x%% 4= 9lo} (Mitra and Ray, 1995).

PAH 3352 F 7 olate] whekE 12| (aromatic
ring) S Esta glon o el olgAAs}t EAE
ot PAH 3352 il $4AF 23T vy 77
A0 Bebd 4R Fof F2 AT, A A9
] F2 e99e oA AFake oil, gas, M Fo
2 34 Q82 A A i RHa 2d))
a7 Sez F2 oq9ld w4 APelA AR
(Westerholm ef al., 1991, 1992; Rogge et al.,
1991). cieksk ed%lelAM wl&3 PAH 31¢E2] d7)
Fo Ao ubse BT, &, £E7E 54 97
Ae) 9 e w ALARME ol wet 2A S
F3xe= PAH gE $3d M

gk e v AR ad¥x glot (McDow ef al.,
1994).

PAHS| o] #3Eo] et o Edweld A=
g2l glon, dF AFEL w]F EPAC o8 v
%33 B4 (priority pollutants)® FF3H 3 <)
t} (Lutz and Schlatter, 1993; Menzie et al,,
1992), o] 3} PAH 313E9 U4 # F=
9 Q) wol Ha Do HFHT 3lek (Menichi-
ni, 1992; Benner & Gordon, 1989; Cretney ef
al,, 1985), =3 FEudaA AHLEE 2ER 29
) #4712 Pbs} Brel 57k §9 A A A
gholl 23 7] Fol A Moz welA: 7] dE
of PAH #gHEe oofgt 4 eddegte Abga
wWZ4e) Fa8 #33 (marker) &AM 438 k3L 9)
o} (Daisey et al., 1986). A @2 A77H5el 24
PAH® 54 ¥} PAH R737} 4240 9% &
AY 7= A - AFHez FAs7] Y4 AHEH
2 9Jv} (Venkataraman and Friedlander, 1994;
Li and Kamens, 1993; Pistikopoulos et al.,
1990; Miguel and Pereira, 1989).
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AA 2z A4S fste], oA Sl 2AY AL
9K 71zhER Abeel] wpAgE F U e 27 ¥
Apeoire) Alzbel wpE £ S5 FASe] AelA
9] PAH ARE Bdsigdch. =3, ookt e dddA
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ol 72 de BRAFES SHAA Bk 392
%4 9] naphthalene® acenaphthalene, %3 3 3t
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FLT# PYRS wj ¥4 ojx|o] ofgt 2A o] nf$ 3]
—5‘1‘, —-r;{!' 4 51'2“-4 BAAY} CHRE ok 500% HE ¥
A" 3AU BAPE Mo froi o ek 23" 4
olet (43h7)4A, 1992). 2T &3 5 & oAk
PAHY: %) A8 Exgo] v]nd <fxsje}, 127} 4
4 e1Ael PAHS} nitro 3HgHE 283 Abs HPEE
2 u)FLAA ) obF gl (David, 1994). 944 4
AR F 7EE Bl BAPE 3T 71 wel
A3+ Qe WL F713%F (non volatile
organic compound: NVOC)olx, AMAHoz %

W elshA RAEL Qi
7] & 22 A8 42> PM-10 243 37
2 A+x] (PM-10 high volume air sampler : General
Metals Corp., Model IP-10)Z Apg-slelony, s+
L2k 1,13 m¥Y/minl. & 2471 7F 238, AREE o
A= 20.3 cm X 25,4 cm 2719 M fel ] (quartz
fiber filter; Whatman Interna-tional Ltd., type
QMA) Y Se)d-foA] (glass fiber filter: Gelman
Sciences, type A/E)E AHEsl9ow, ofA: A&
AMF Aol 20°C, 50%2] & FgEalelr] 48417 W
A F sy TAHE 9Ae ¥4 v &4
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o5k 2 A& S 1990 114, 19919 237, 1992
227k 19939 554, 1994 18%02 % 12949
25 BAseich. JAEae MogAdfedal 463, #
g4 foix) 83 olglet. 1993 64 olW7A|S] A&
(757 AgelM RaEgen, 19934 645H 12
A AR (B64)E 718 5 AAd7A -20°C
o) YEael HAsgch e 199499 oA
PAHY 429 £%F AA) st AzHS Felstod
Agol g F F Basie (A4A, 1996).
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&3} 234 (28 kHz) & ol 48] AF2ollM 15874
23] Z&3lgich. o} WS soxhlet () FFl w4
A7k} 1/30 A= A (o 152 AR B&-S »|5s)
o (A87)E4, 1992). FEE2 27] 110 mm 99
o]#] (5C filter, Quantitative ashless, Advantec
Toyo Co.)E A7l F  3AZU7] (rotary eva-
porator) & 32~35°CollA 743} w&3igdgh. 2 ¥ 3
FA WAl 1A17E B9 AE £ 1SS At
I 20 ml2) benzene : ethanol (4 : 1 V/V)e| £l

T F -20°C YETe] Rasigich. PAHs 242 o
A FES FE37) $18 HAHe L) HAe] #i FL
sieh, wEbd, R o] EAE dAd BAEYH
PAH 3E$ Fd=2 35F 4 = 499 A=
Pgsch, Fde] 3™ methylene chloridest
1, V/V)-2 A4 oA w
9% A B4 F PAH 3lHEe) 3% F2

253 9ldd (Breuer, 1984; Swarin and Willi-
ams, 1980). & d7A YL AFe| 2FAE oHL
= AE 9ste 349 FE7) WAl LeE A §)
om, Fg FEuoz= AL Agxzg £ AR
2, AR~z 24xR g 8l AFISERT)
A& gloh. 49 mEHFE AFILIR7) 160,356
, A= Y A 22 o] &EE Y|

A&

q/9E 5
o4 =2 Aoz e (54 A AR, 1994).
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benzene : ethanol (4 :

SL‘—‘

Inserting small pieces of filters into a flask ‘1

l

’ Dissolving the filters with benzene: ethanol(4:1, V/Vﬂ

!

Extracting EOM by an ultrasonicator for 30 min.l

l

’ Filtering with the No. 5C filter )

}

‘ Evaporating filtered solution I

!

| Weighing crude tar after drying process J

l

{ Dissolving the crude tar with 5ml solution ‘
|

GC/FID analysis ]
Fig. 1. Flow—diagram of PAHs analysis.
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E3), odF AY FHE D4&ETRe ARERS PR
oA zbgke]l Esigko] F7] Wio] B dFeie= A
Z PAHs #%9|| benzene : ethanol (4 :1, V/V)
L1 E AR v

2.3 GC/FIDE o|23 24 gy

dutH ez PAH 3% EAelx HPLC (high
performance liquid chromatography) X+ GC
(gas chromatography)7} AH¢-¥r}. PAH 3gt&2
odut 7] Fofl vl w Eajste, W ojAHAE 7}

Az g7 whiel S wHel e ek 2w ¥4
sy A e Sersle, webd g AFbEe

PAH 3t Aeas 918 zaubd o 24wl s
AA e sleh. Baek & (1991)2 =A] 7] A& &
o) PAHE BA37) $lg A& A3 uhwS Ak o)
art. 2= oA Tenax FHAZ YA 7ha4

%9 #HJE 2] AHgsiglen, F23 A4 A
Al acetonitrileo] o]FAdl HPLCE AH&-slgin.
May$} Wise (1984)= wi7] & £z, o4 2l )
% ¥A zelx FElE 49 PAHE 4Asr] dA
AoA AE719 FAEAAE PR Qs A4
9], Wise (1988)= PAH BA2 23 capillary
A2 g o]43 GC/FID =x GC/MS 58 AHsiy
oh. 2 dFdqME PAH IRPE EAME $3td GC/
FIDE A43k3eh. GC/FIDe| ApAe ¢4 27308 &
1of] vl gdet.

B dTM3= PAH 3HE 5 6719 PAH (FLT,
PYR, BAA, CHR, BAP, DBA)S AAslgen,
Zbzke] 3ahge) g 9 Eck spsAe] HE e
E 2¢] YehIich 2 dg-g] 24 kel 67 PAHS
A - AR g g8 A4d BEEAE Y B2E9

g 749 3exFEA (Chemical Reference Ma-

Table 1. The specification and operating conditions for the gas chromatography.

Variable

Condition

Gas Chromatography
Detector

Injector

Injection Volume
Column

Carrier Gas

Flow Rate

Detector Temp.

Injector Temp.

Temp. Programming
Initial Temp.

Holding Time

Temp. Programming Rate
Final Temp.

Holding Time

Hewlett Packard 5890 series 1, U.S.A.

Flame lonization Detector

Capillary Splitless Mode

2 ul

25mx0.2mm ID, 0.11 pm film thickness

HP-5 Capillary Column, Hewlett Packard, U,S.A.
He

15 ml/min

290°C

240°C

120°C
4 min,
13°C/min
290°C
3 min

Table 2. Nomenclatures and characteristics of identified 6 PAH compounds.

Empirical | Molecular Melting Boiling < e .

Compound Formula | Weight | Point("C) | Point("C) C.Pr | Abbreviation
Fluoranthene CisHip 202.26 168 - 0 FLT
Pyrene CisHio 202. 26 156 399 0 PYR
Benz(a)anthracene Cielliz 228.29 162 400 + BAA
Chrysene CisHy 228.30 225 448 + CHR
Benzo(a)pyrene CoH,e 252,32 177 -- ++ BAP
Dibenzo(a, hjanthracene CoHi 278. 35 262 -~ + DBA

0: non carcinogen, --:

weak carcinogen, -+ . strong carcinogen

C.P*: Carcinogenic Potential.

) 7| A ER] A 124 A 35
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terial, CRM 08-05-001¢]t}.

3. &x o 1E

3.1 PAH2S| Met3l ®H7}

PAH 33t&9 AFEA L S84 PAHY 34
AHeAHE AN deE AEE 2 5
Z Adg PAHS A#3E 914 BAP7 EAs
o 712 x4 BAPE ié7]'(Sp1ke)?f}‘ii‘:} 72 ok
BAPE A7gt 3709 Alag $AM3 ¥, spike ®

2ot A AgY ¥ Aol & Tk Ao}
spike ZLE ure] T 35Ee g WIS
99.4%, ZEFHUAE 1.52, W% A4S (change vari-
able; C.V.=8.D. x100/mean)¥ 1.53%Z vj$- F
53 ASE & 33 Zo] dgith. =¥, AFPx AP

%
&
J

A

ot > B fu a8

% 45 ol 6702 CRMolA 139 Fats} REHA)
2 ¥ AYelA 2HD B3t el Fakle

et FaolAl AEsr £2EH9 CRM 08-05-001
0] BAP9| <& A Zeg GC/FID A9 Y&
EFEAZ Algslgdd. GC/FID AL 8 7Ags

Table 3. Recovery test of BAP.

BAP analysed (ng/m?) Recovery of BAP

. (a) +spike {(b)-(a)}x

Sample SOI‘(J;’)On‘ (194.4) | (b)-(a) | 100/194.4

(b) (%)

1 42,48 227.92 185,44 97.39
2 42,44 236.88 194,44 101.02
3 42.53 236,84 194,31 99,95
Mean 99, 46
S.D. 1.52
C.V. 1.53

Table 4. Concentration of PAHs in CRM 08-05-001
analyzed by a GC/FID. (unit: ug/m®)

Compounds | Acting Value | RSD jCRM Value| RSD
FLT 0.79+0,11 |13.92] 0.80+0.20 | 25.00
PYR 9,13+0.15 1.64) 9,11+£0.11 | 1,21
BAA 5.2940.05 0.95]5.23£0.08 [ 1.53
CHR 4,71£0,09 1.91( 4.65+0.08 1.72
BAP 2,.88+0,13 4.51] 2.79£0.10 | 3.58
DBA 3.31+0.45 |13.607 3.35+0.50 | 14.93
Mean 5.99 7.99

* RSD was calculated from seven injections. Uncer-

tainty is expressed as +1S.D. of an average result
calculated from seven times injections.
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A5 FHlet, 4 ARE 73 FUsted, 6749 Y
& gates 7 zAabstdd. 2 Az CRM Aol
u|@abed 95% F2] $5 W) Wl st

3.2 ZFE T F PAHe| =4

19949 oA A& Yt b7 Fol v
#5171 djdoll PAHs #44] 32 9 5=
et 022 poe o webd B4
B3 Ao mel HAsEE oA BAsl A } 5
g 9iste] 1994 1948 9971A) wiY 23 A&
Z 1879 A G o] &3] ul th7] Foll WHF AR
Z 3P0 1) B3o o8t PAH 3tgEe 4 £58 A
E3e. 2 o 458EE vEe) 7o) Bk A
& Fedslelnh. &, 1) FA) JERI, 2) 497 e
o WhA|g Fol] WY B3, 3) g 7 A wka] F
T H3, 4) 1§ o)A Aol whA] Fo| WF Hatslel
ok 7 oA ool 7|8 AAE] FHe AwiE A
A F, Sep-Pak Cy cartridge (millipore, Waters
Associates) & o] 88 TAAF 224 (Solid Phase
Extraction; SPE)2.Z PAHE 23},

Aol PAH 32l 22 40 gelshz ¥4
A 2% 26] ANSHET 67 PAH 3 oS
A A% Se 20 2l 48 42 2

hal

Fo WugE o, Ao 447 wXF H¢ CH
o] 56.7%7F HHHNL, 30d7kA] WA EY & %
BAA7} 84,207 H2Eglon] 1y o)A} Ao v}

AYS A e PAHZE £3H90d. 281 ¢
gre] 23 Azbo] AAHFE 2AlFo] vhA whE A3
< Heloh o#3 PAH £42 1apoR gz &

4= 8ldh. &, PAH ek oW Al o} e
PAH cfol] nlgjslna Azl u}d &4 25 54
4 vt
dL/dt=—al (1)
oJ7|A, dL/dt=PAH £4 £% day’
L=#% PAH %%, mass volume'
a=PAH &4 £% A4 day!
ek, t=0 o W L=L,2}3 7Fg3k2 (4471014 L,
= 27 PAH %), A (1)& &8sy
L=Le™ (2)
hef EA 7|7 (t)o] PAH ¢4 2% ygix 7}
A3,
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Fig. 2. Decay tendency for 6 PAHs at the room temperature with increasing time.
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sl &,
(t/y)'*=(2.3BL.) 7+ [(B)**/3.43(L)It  (4)

N

o7l A, vy =5H A PAH &4 5=,
mass volume!
=wo] 10¢] 4 &% A4, day’

B
L.=3#% PAH %%, mass volume”’

PAH ¥=9 &4 4% A5(B)E Axka Ax,
FLTo] 1.86x10%/day, PYRe] 18.98x10?%/day,
BAAo°} 3.43%x10%/day, CHRe¢] 2.89x10%/day,
BAP¢] 1.92x10/day, 28] DBA®] 0.68 X
10%/day 2 Jeht PYRo] 7B wEA s,
DBAo} 7H =24 Zekse Aoz el ¢9
Aol gigldte] & PAH Fxol #3 &4 4% 45
ob &4 £xA2 F 59} P

Table 5. The decay rate constant ([3) and formula of
PAH concentration by period.

PAH p(day™) ’ Formula

FLT 1.86x 107 | y= 0,31(1-10"""1)
PYR 18,98 x 107 | y=13.77(1-1071%%)
BAA 3.43x10° y= 5.38(1-107"3)
CHR 2.89x10°* y= 2.55(1-107¢02")
BAP 1,92x107° y= 0.74(1-107"012)
DBA 0.68x10°" y= 1,96(1-107"8)

3.3 PAHe] =& ZAHM

PM-10 % 67} PAH 35L& d=d #4 2A34F
E 6o AAskde}. of Ast= 13 26 viepd 717
PAHY &Algol gt 3HAS Agsle] 1990d 94
HE 19939 69779} ARES AR ol 674
PAH 33H&9) =¥ 23y s ooken, Ad

2 E3 4-ring® BAAS} 5-ring® BAP% DBA
o yEr} A AU WH2E 5-ringd

2

g A7 347

BAP2} DBAY: 9 Aol F2 uEH: AFER
A AT Age] ARREERY] FH Ao Az
A A7) 7ol T34 PAH #3H89] oS wh=
Reg Algdd. PAH IFES 4F 7|7 T ¥
&, HA, FH2FE 29 3¢ Jepdgde. 67 PAH
FgEY 7 = W= 0.41 ng/m*FE 3.83
ng/m*e 2 oE AT Ao Ayel FAF F= W9
§ Eoja oo (A% F, 1995,
and Friedlander, 1994).

PAH zlgHe) AdY A =8 588 AS
Aol & FEE B (28 4). 9§42 PAH 3
29 & WelE 0.30 ng/m*¥E 1.93 ng/m®e|d],
AEA = W= 0.33 ng/m*FH 4.42 ng/mde|t},
PAH 33E9 A2 5% di B2 d7oA 22
3 oglew, s e, #et ad, siaAb-dR
PAH ¥§& 5§ A9sa ¢lo} (Pistikopoulos ef al.,
1990; Masclet et al., 1986). QulH o2 o EA 7]
22 ALd 7lerdd FF 20°CollM 25°C ¥ shs

Venkataraman

80
Maximum
+Mean
12} 401 Minimum
<
£
g =
8
]
E 204
S 1
383 1 03.34
0 $1.38  P2.05 | h0.41 .1'43

FLT PRY BAA CHR BAP DBA
Pollutant species

Fig. 3. Ambient concentration distribution of PAH
in Suwon area.

Table 6. Annual concentration trend of PAHs in Suwon area. (unit @ ng/m?)
Number of
Years FLT PRY BAA CHR BAP DBA
Sample
1990 11 1.47 0.00 5.73 0.17 0.58 7.31
1991 36 0.04 0.00 5.73 0.21 1.24 5.47
1992 22 1.04 0.04 3.30 0.10 2.54 3.47
1993 55 2.46 1.79 2.03 0.07 1.18 0.70
1994 18 1.17 10.67 5.04 2.43 1.78 4.55
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Fig. 4. Ambient concentration of PAH in Suwon area
during summer and winter.

Ak q)zk Aol PAH 282 7] &%, d7) 24
5o 7t #35e Z7|ske] d4rolo} (Pankow,
1991, 1987). o5AHY & W7 5= 7faitoeR
EA s WA Sk (A 202-228) 9 %%—%

57}*1?'1‘~ AE 2@ g ey, S o 7
& PAH 335 w4 RE 271479, ”E}VM

i 04%’—;3 FEF ALE B b 2E vehid &

ct.

4. 4 =

d7led B4 & M Fx7} vlst ohabiers
eh3l 428 B-A57] sl PM-10 HVASE A3
o] 1990\ 994¥ 19949 9Y7lx] BAE A3 F
GC/FIDE AM4-3le PAHsE EA g 7] Foll
FEA s PAHS EAubE dAx 0" 7] F4483
o =y 9 A4, A¥HYs) 54 AR o] Fojzlnt,
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