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Abstract

In order to compare analytical conditions for measuring PAHs (Polyeyclic Aromatic Hydrocarbons) in ambient
air, a series of experiment were conducted using three different types of extraction methods that include: (1)
accelerated solvent extraction {ASE), (2) soxhlet, and (3} sonification methods. Efficiency and relevant analytical
parameters for each of these three methods were examined on five different types of solvents that include: (1) 10%
diethyl ether in n-hexane (v/v), (2) dichloromethane, (3) cyclohexane, (4) toluene, and (5) Benzene : ethanol (4 : 1).
Comparison of extraction efficiency for various combinations between methods and solvents was madc through an
application of both internal and external standard calibration techniques. The extraction efficiency tests, when
checked using both internal and external standards, allowed us to derive meaningful comparison among different
techniques and among solvents.

Key words : atmosphere, PAHs (polycyclic aromatic hydrocarbons), ASE (accelerated solvent extraction), soxhlet,
sonication, extraction efficiency, RRF (relative response factor)
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£ 434l += PAHs &, EPA (Envirotmental Pro-
tection Agency), IARC (International Agency for Re-
search on Cancer), NTP (National Toxicology Pro-
gram}, EU, WWF (World Wildlife Fund) 52| =Z7h.}
71 QA HeoldA R uirE Yo s
Aol a93 4%k wkE @e)7} 274¢] Naph-
thalene-‘i‘—E'] 327} 6708l Benzo(g,h,i) perylene”}

1 16%¢ A=) e dadsydd.

=Y PAHsE PAsh=d slejA] e WAow
H ARE Asle] WA o) duld ez gle
A= 51 9]+ (Dionex Corporation, 1997; EPA TO-
13A, 1997; Olaf er al., 1997; 73 8-, 1997; 7] A A,
1996; Chandra et al., 1994) 1) 28], 2) 2&0}3%,
3) 7h&8v] 231 A) (Accelerated Solvent Extraction:
ASE) 59 F2ubi$ o83 2e) g4l 7HA] 4+
£ o] &3t vlmale WAog AYE Ay
oo olE Sz 1) 2TAAE Sz g 10%(V/
v) el ol =8 (10% Diethyle ether in n-he-
xane (v/v), ©]3} 10% c]ol| & ee] =22} ),2) vja=
FReo| =, 3) ste] F2d Al 4) B4, 5) WAl : o
&g (d:1,viv) g ARgstalvt

2.2 24 27| A At

Agel]l ALEF 24 7]7|= Hewlett Packard A}<]
HP 6890 series GC2} HP 5973 Mass Selective Detec-
torg AE2 97347 GC/MSD systeme] HP 6890
auto injector ¥ controller3 @A 3] AL&3}edd).
PAHs2] #32 9]%led Sonics & MaterialsA}2] =
&3} #%7)9}, DionexA}2] ASE 200 (Accelerated
Solvent Extractor200) & Al-43lgc). Algxse
BiichiAt®] 37 %3712} Organomation Associates
A9 a8 Agehac.

Ao AR A7k (Merck Kga A, Germany)
2 60~230 mesh®, 130°CellA] 1847} &A1 31471
. 4gs7] A dAA ol H el A 3087 b F 4}
43l MG B A - R e Ayl
dEe A 4 AdE 717 23 BT 400°C
A 5A17F o)A ek F Abgsbglvh (EPA TO-13A,
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#5e] 2Agttn G A T UTH(Yamasaki et al.,
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A3 A Fel F+T HPUH=] (Quartz Mic-
rofibre Filters Cat No. 1851865 (Whatman))}& A}8-5}
o Hre AYYe) Fd e AAs] A
) Shed 2e gAew AR Sasheeh $A
47 48 om? (2= 274 F 712 Als A 200 m?
frakel dhz A" AR 1654
PAHs E3-Ee] zgd 8 =FEFA(USA Su-
pelco, EPA 8100 PAHs Mixture 48905-1)& GC/MS
o FFzHoz FUHAL ol 44 2nge] H=EF
Hrpstgnh =8 AL EPA TO-13A Aol
2] Aestgon, o] A Yoz 4
S5 F 7t upizie) Mg Aol d v @i,

wgl Aol Mg X9} Standard reference material

Quartz Microfibre Filters
l «— PAHs Std. Spike (Int. $td., Ext. Std.)

Extraction (Soxhiet, ASE, Sonication}
l 44~ 300 mi (solvent Vol.)

Concentration (Evaporate)

Solvent Conversion

Cyclohexane (2~ 3 ml)
Silica gel Clean up

Dichloromethane + Pentane (V: V=4 : 6)

l Nitrogen Concencration

Mass up (1 ml)

GC/MS
— PTE-53™ Column
«— Split mode (10: 1)

Inject 1 pl

Fig. 1. Extraction Procedure of spiked Quartz Microfibre
Filters.
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(SRM) 1649a¢]] | 3t5] AF$ Wi BEEL 43
Acenaphthene-do, Chrysene—d;2, Phenanthrene—dg,
Perylene—d;; (U.S.A. Supelco, EPA 525 PAHs Internal
Std. Mix. 4824)& AH7lsled 42 34§ A
AT yow FAsgE o 294 WrEEy
oz A 3 Aeid TG o|FA Y& 2
54 o] &ate], ANOVA test® =-g3ted 7 uf
AE mx g0)zke] Hole] W foAE A=
At

Med oA} SRM1649a2] PAHsE FZ3}e]

GoMSe) F3sre AN HEe 19 13
2.
2.4 EEAR £ME 98t 717 T 4T

PAHs £ajell A48 @2 v|SAeH, & ¢
Ag e §7)33EY 244 A EF 1okd
PTE-5™ (30 m length, 0.32 mm LD, 0.25 pm film
thickness)& AR&-alg . 249k A (camier gas)e &
-ﬁ—?}f_‘.i Abgsld T HE-E 1.0 mi/min, Al

£ B3 291 (split mode with split ratio of 1/10)%
Ao 717 A EAE G E 1o AN

shsh Zreh.

Table 1. Operating conditions for GC/MS in the determi-

nation of PAHs.

Activity

Condition

(zas chromatography
Column

Carrier gas
Injection volume
Injector temperature

PTE-5™ (30 m length, 0.32 mm
[.D,0.25 um film thickness)

Helium
Grob type, split mode (10: 1) 1 nl
280°C

Temperature program
Initial column temp.
Initial hold time
Program

Final temperature

30°C

5.0 min

10°C/min to 300°C & hold 10 min
300°C

Final hold time 25 min

Mass spectrometer

Transfer kine temp. 290°C

Electron energy 70 volt (nominal)

lonization mode El

Mass range 35 to 500 amu SCAN data
acquisition

Scan time At least 5 scan per peak, not to

exceed | second per scan
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Table 2. Retention time, molecular ion {M+), and selected

lons of PAHs.

o compones Al Ry St
1 Naphthalene NAP 546 128 129,127
2 Acenaphthylene ACY 9.38 152 151,133
3 Acenaphthene ACN 990 154 153,152
4 Fluorene FLN 11.32 166 165,167
5 Phenanthrene PHE 1402 178 179,176
6  Anthracene ANT 14.15 178 179,176
7 Fluoranthene FLU 17.84 202 101,203
8 Pyrene PYE 18,10 202 101,203
9  Benzo(a)anthracene BAA 2270 228 229226
10 Chrysene CHR 2282 228 226,229
11 Benzo(b)fluoranthene BBF 26,18 252 253,126
12 Benzo(k}fluoranthene BKF 26.25 252 253,126
13 Benzo(a)pyrene BAP 2703 252 253,126
14 Benzo(g.h,i)perylene  BGP 3041 276 138277
15 Dibenz{a,h)anthracene DBA 2994 278 139279
16 Indeno(1,2.3-cd) pyrene  IND 2983 276 138227

ISTD Perylene—~d,; Pery-di 2721 264 260,265

ISTD Acenaphthenc-die  Acn-dyy 982 164 162,165

ISTD Chrysene—d)2 Chr-d;, 2274 240 120241

ISTD Phenanthrene~d;g Phe-dy 1396 188 94,189

mode)el] Fste] 2 FezA
3 7 PAHse| Agrasled
PAHsel| uale} ¥A}3F o] £
vh. PAHs: T FeljA] o2
ed nm—electron structureE- 7}R[ 2 9] el
el vl$ 2o depd Agdislelds Adey
HrE Ealeld F M) M =4 Yepde
(M)*H, (M-1)*, (M-2]*e]2-0] b7 vJelstc}. of
& o]-§8}o] SIM (Selected fon Monitoring)uh 2+
macro programs AHASE Al ofS 7 29} 7o)
o|Eqt A1E Alg3led GC/MS/SIM vy 2] PAHs
o] HgAdg st U= oFe] 002,00, 1,
2,5,10ng°] HE5F 63A4 A58 5o AFHsE
st ZF PAHs9] #|AA1L2 099 o|4to g WEF
g Asts ddoh 2ela 2471719 H &84 (in-
strumental detection limit: IDL)= 16%2] PAHs .5
0.1 pg (GC/MS F812Hel A S/N 8] 5 o]Abo2 Lie}
wtoh = Ak A (method detection limit; MDL):=
0pgeE o)== MM GodR] 4748 cm?(<F 200 m%)
E 35t FET 2EAo] 500uld o o] £R F
o 10nge] ZEFHeigl= ko= tj7] & PAHs %
%7 005ng/m’ o] FEAsleiof EAT 4 v

Adsigl

A

Table 3. Recovery rate of PAHs according to various extraction & quantifing methods.

Ext. Std. method

Int. 5td. method

Compounds ASE 10%* SOX DCM*#* SON Cyclo*** SRM-164%a, ASE 10%
Recovery RSE Recovery RSE Recovery RSE Precision Accuracy
(%) (%) (%) (%} (%) (%) RSE (%) (%)
NAP 688 312 77.5 1.94 46.7 372 - -
ACY 60.2 4327 622 1.88 587 4.24 - -
ACN 77 4.56 2 4.94 803 520 - -
FLN 80.3 543 750 1.76 718 5.16 1.63 97.22
PHE 783 3.51 76.2 372 78.8 1.81 047 90.73
ANT 552 5.08 66.3 3.14 530 520 081 97.43
FLU 71.8 230 68.2 321 56.3 3.64 0.97 93.01
PYE 814 404 76.0 574 66.7 3.3t 206 99.55
BAA 7.7 1.23 66.5 325 63.8 5.40 308 9384
CHR 808 0.96 81.5 4.60 8015 323 1.86 118.34
BBF 785 240 735 3.85 58.7 5.24 1.83 92.66
BKF 75.3 2.20 678 4.26 518 3407 112 112.37
BAP 75.3 268 753 4.72 68.5 5.68 332 103.69
IND 708 4.39 695 5.56 473 440 202 91.77
DBA 60.8 2.13 54.3 5.59 397 4.13 292 9222
BGP 715 4.55 66.5 2.40 443 398 237 86.72
MEAN 72.1 122 70.8 0.60 619 257 042 97.66

n=5. MDL (mcthod detection limit) =(.05 ng (injection volume)

* ASE, 10% Diethyle ether in n—hexane (v/v) ** Soxhlet, Dichloromethane *** Sonication, Cyclohexane

AFH 7 8] A 16D A6z
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galo] ohat F2ub A vehts Adte} A7
ok 218l NISTS] SRM 16495 WREFHo=
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A= Agtzz Aotk ¥ vlws] w9k 2 Az
= 867~1183%2] Rzl 047~332%2] 43
EF 38 vehiglet =8 2E dlelA e A
Y E=Za gL 10% o5tz e} EPA-TO 13A
oA HEgshe H AfERERATT 0% HE
zreksby 2 AFAAA gk FEYHS 4D
3] Fzar el #lFHL
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3.1 9|8 EEHol| 24t EUHIG 35
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Tabte 4. Comparison of extraction condition for each in-
dividual extraction methods.

Jtemn Extraction conditions

Extraction time : 18 hrs (3 cycles/hr}

Soxhlet Solvent volume : 250 ml

System pressure : 1500 psi

Oven temperature : 100°C

Cell size : 22 ml

QOven heat—up time : Smin

Static time : 5 min

Flush volume : 100% of extraction cell volume
Nitrogen purge : 1 MPa (150 psi) for 60s

Static cycles : 2

Processor © VX400 (Sonics&materials inc. USA)
Net power cutput : 400 Watts

Frequency : 20kHz+50Hz

Dimensions (HxX W x D) : 216 x 190 % 340 mm
Converter type : Piezoelectric~PZT-Lead
zirconate titanate crystal

Extraction time : 15minx 2

Solvent volume : 150 ml (first), 100 mt (second)

ASE

Sonication

Hx2 Aoy fedz«l A7 F L4049, 2573
2743, 71| F2ARNE 2P 3704 352
Wew 552 F&4e) 1) 10% Hel A oe 2, 2)
AR Fzelo|x, 3) Ao F2F 4L 4) BFA, 5)
Aol (@1, vy AHgste] 33 9 2zs)
A} ol AME 7)7] 271E o & 49 3

o|fA &% 4718 GCMSDS SIM ez
A3 Azbe oet Ao 7k S FERR ¢
#2832 10% el A olE|2 AHEA 16F2)
PAHs B 7 3480 724+1.5%2 k2 Lu)& A}
£38 Aol B8] w2 B5EE vepigich B &
M dAdTEa)els 692+ 10%, WAl st
S (41 VV) 701 £1.9%, #pe] 22 WAL 66.612.9%,
B3 67.741.7%9)81c}k 10% Aol A o6l 2o} 4}
olzig i FEEviz AT AR 7 P
9] H g Aol 6% A= hE LHE
o Wl 7b Fel7k A vhehdh o) £ e
5% §-o) oA T-testz ZAE Azt Wi 3
489 Aol EAH o2 FosA gurh %4
of vlAAFuelolzg FHEUNE AHEA 1632
PAHs B 3]5&o] 706£0.7%2 WE F24v)
& AME Ase vlsl wshew, B SvleAe
10% et oldlz2 6824+2.6%, #lAl : o) ehg- (411,
Viv) 65.3+0.8%, #po] 22 # A} 653442.1%, SF
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ALg8F 497} 62513.4%2 o2 WSl vt
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g Helo] 224 5482 vehigich o= PAHs
F2A 3271700 BE 85g Ao 2} o
AR nREA ) at 3582 zlo)r} Ayt
< o4 4 9lgdch 22} naphthalene®] 7% =83}
F olgak Wo] & ¥ ubyel vldte] 20% A=
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deflell A F2o] doibed ubeled, 2 o0tg ALy
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Table 5. Results of variance analysis en various combinations among methods and solvents.

A-10 S-D A-B A-D S5-10 A-T A-C S-C S§-B S-T N-10 N-C N-D N-B N-T
A-10 0O
5-D 1.84 0
A-B 2289 0449 0O
A-D 3.222 1,382 0933 ©
S-10 4234 2394 1945 1082 O
A-T 4674 2834 2385 1452 044 O
A-C 3791 3951 3502 2569 1557 1.117 ©
§-C 7059 5219 477 3837 2825 2385 1268 0
S-B 7.4 53 4851 3918 2906 2466 1349 0081 0
5-T 8.385* 6545 6096 5163 4151 3711 2594 1326 1245 0O
N-10  9907* B8.067% 7618 6685 5673 5233 4116 2848 2767 1522 0O
N-C 11.387% 9747* 9298* 8365* 7353 6913 5796 4528 4447 3202 168 0
N-D 11.589% 0.749% 93* 8.367* 7355 6915 5798 453 4449 3204 1.682 0002 0
N-B 11.639*% 9.799* 935* §417* 7405 6965 5848 458 4499 3254 1732 0052 0405 O
N-T 12316* 10476* 10.027% 9094* BOB2* 7642 6525 5257 5.176 3931 2409 0729 0727 0677 0

* : The difference is significant at more than LSD 7.942 (¢ =5%)
Letters and numbers abbreviated stand for A (ASE) S (Soxhlet) N {Sonication) 10(10% Diethyl ether in n-hexane (v/v)) B
(Benzene : Ethanol {4 : 1, v/v)) T (Toluene) C (Cyclohexane) D {Dichloromethane).

FIANAARNHA A 16H Aoz
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80.0
—4—ASE mean
—4—S0X mean
—¥—SON mean
80.0

NAP  ACY ACN FLN FHE ANT FLU PYE B8AA CHR BBF BKF BAP IND DBA BGP

Fig. 2. Comparison of extraction efficiency of the PAHs using three analytical equipment.

90.0

|+IO% o4-DCM = CYCLO  —TOL —B+E

70.0

NAP  ACY ACN FIN PHE ANT FLU PYE BAA CHR BBF BKF BAP [ND DBA BGP

Fig. 3. Comparison of extraction efficiency of the PAHs using five different extraction solvents.

A 271119 x 102 KPa)7} §-3 (80°C), v acenaphthene, fluorene, phenanthrene, pyrene, chry-
(218°C)e] #}3 W& naphthalene®) £A4lgo] =7}  senco] 80% A =9 v|&H 2 3|4-8£ acenaph-
uzel Hoz Y= o)Azl F4ge thylene, anthracene, dibenz (a, h) anthracenes] 50~

J. KOSAE Vol. 16, No. 6(2000)
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Table 6. Analytical results of SRM 1649a.

n=3{ASE 10% : 5) unit: ng/mg

SRM range ASE 10% ASE DCM SOX 10% SOX DCM SON 10% SON DCM
FLN 0.29~0.44 4351001 0.32:£0.01 (0.30+001 0.29+0.01 030002 0.27+002
PHE 589~705 587005 556:+0.13 5384004 5.78+003 3.860.04 578x0.14
ANT 0.55~0.80 0.66+008 0681005 0.61+0.02 0.60+0.03 0.56+0.01 0.70+0.02
FLU 980~1036  938%+0.16 9214£0.1t 9.61+0.26 9.81+0.23 87610.10 853x0.13
PYE 7.88~8.60 8.23+034 7931037 6.98+0.33 720016 71029 8.18+0.38
BAA 3.34~3.56 3.24+025 3.28=x0.21 292+40.16 2832009 276020 327016
CHR 4.68--4.86 5651021 513036 5712002 6.21+0.03 5.04+0.04 554008
BBF 9.08~11.08 9341027 8.99+0.14 8471059 8.60+0.54 5.89+0406 7.22+0.16
BKF 294--304 3364033 3594033 3141009 3204013 2.86+0.28 296+0.12
BAP 379406 408027 3791006 340:£009 3.33+0.11 337009 3161025
IND 385~6.10 4571027 4331033 4911039 5.11+0.52 4.48+0.05 5.25+030
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Fig. 4. Comparison of extraction efficiency using SRM 1649a among different extraction methods and solvents.
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Fig. 5. Chromatogram of SRM1649a using GC/MS.

118.3%, benzo (g, h,i) perylenes] 86.7%= +15% A
=2 Aol g vEtligich AR =8 el #
o Hegd Al WANFaale =8 LT
o} chrysenee] 130.2%¢]%} e, ubd Z-gvlo) o2
AZ=eto] =g ALE-3F Bbo]A] benzo (b) fluoran-

thenee] 71.6%% 713 wokel. mE uhyel] A PAHs
13%2) 3482 80~120% A =gdct o) SjH=
9 390455%~907+67%2] 24&3 v wal
of Bl 7} BAMaw 71 ale|rt 3A| gel AP
9 AL VY 4 gl Ao 29 4=

1. KOSAE Vol. 16. No. 6(2000)



604 bt 2Nl - AEF - 29

ol 3t d=E He Fol

44 Age] AL stobs]aat SRM 1649
= ol 43 AlF Az uhi7k A1A PAHs 2)4-go
80~109%= ofE SRM w2l zP=Hgew, 7
EAd Mz 2 REFUE AL 7499 v ws)
oduw 1 Hpg Bl 3A ghel 433 AYA
WE A3F Jellglch ol g Aoz ¢ A
AstAdzt wal AlF] Alge] elz{dl Wb E A4
Fxo) i BAglel Atz ¥ Fert dF
& 3 4 Aot =3 Age 25k L 67)
A whye] 344 F4E FoeE 0052 ANOVA
E ol 4% #o4 AAL 3 A3 (F=198,P=009)
2 vhehd, whzie} 35g Aol EAHOZ §
)& A#} vhehdx] etk Z1® 5 SRM 1649a
5 7HeelFEaAel 10% tlel A ole]| 28] E
Algate] 348 GO/MSe] ZzolE 29 ¥ o).

3.3 HyuhH7l PAHse| 48 b|@m

sRnEFYE Aupiilez AHLE AS HF F
FE2 60~T2%|H o, 2t A AF 5eE2
45~85% Az vebgtort, &gl WA ke
41, viv)gr] Ap&A] pyreneo] 90.67+6.7%, 25
Tjol] B3l ALLA] dibenz (a,h) anthracenee] 39.0+
55%% F Bz 50% o|Ate] FHeg xe]E B
Aot 2+ BAY 35482 fluorene, chrysene, pyrene,
acenaphthene, phenanthreneo] 80% %2 3|4&=
ZZ g o] v A &9kew dibenz (a,h)anthracene,
anthracene, acenaphthylenee] 50~60%2] F& 3|4
£ ehigic 9 AgE Fohed U 15717
el 348 AIEL ANOVAE o &3 {24
AAg g A=(F: 4738, Pr<0.0001)2 2 vphy
Zolle FAMz fo8 A7 vepdE & 3l
At

vhd JRaFys Aeste A S 97
F 282 80~ 109%¢), 7H8rl 2R 4] 10% &
of A8 280 & A3 F$ 135 <|AAA LY
348 alo]= SRMe] F2+ g #HlelA chrysene
o] 1183%= 71 ¥ 3egd dehliglend,
benzo (g, h,i) peryleneo] 867% 2 713 e} £15%
Hee WAS bk 2 o RA FeAA
chrysene#} benzo (k) fluorantheneo] SRM H$ & =
#5122 3485 fluorene, phenanthrene, benzo

7| BATFEHA) A 16 M6x

{b) fluoranthene¢] ©j2-% SRM wlejur} Yo 3lp
& veplida A8 S Eshe] W2 671A Y
348 AFRE §o4F 00532 ANOVAE o] 48
o4 AR ¥ A} (F=198,P=009)2 vjeh},
wzke] 3eg Aol EAHe=z {235 Ar)
vhelta] eksket.

ol F uhzte] wlmeiM R EFHE A
Wes Mgt Ao AAAE #4474 EF
viele) iS85 F 7 3 dE dpEs
BRG] AAbstedobtt AHT s=F ALY
UE WA 2] at2A et w7 o3 AAb A
& Az stejele v = v} dopgt A el Al
gupr}e] g AN T BAH} = =
vt A7 s Jd wtd ReEYE A
4% A HE g 7 BAY g0 EPA
-TO 13Acl A 3|45l Ao AHzFA3 30%E
Z33tA] gl A W w2E 2AY) A8
o= F2irt whzA] kgl FAHKT

PAHs 7} 234 3482 Y2 FHS vi=
ZwollA] fluorene, phenanthrened} 7to] AMIE] =
Axke} chrysenes}t o] YAsh= Az} o] v}
kT gle], A kbl wiel Z 2312 39 A
o7k e & 4 s,

a4 B

P AT 7] F PAHs £44] A3t M=z
7g& AAs] 95le], Al SelelA dutxoew
tio] ALEEH T gl A, 253 29, 7HES
o F223 Fo Fubdel 10% oA o= =,
v A Fzete| =, o] g dat, B, WAl st
£+ @:1,viv) 59 39 {71898 AHREle FE
A g syt o] Aatg ol &3l AFmEYT
raxrios I4gg 7 A g3 oo

1) sy 2183 F2abdelA 7
Zz e 10% vl A odH= vz ALgd A
< |622] PAHs BF 3|48 7240+15%= 7}
& =ohen, 25t EF9 o] £A)7) 60.124.7%
2 71 g Vel aeba] o kel 12%3
=2 B 35§ 2olE viepigel 2 by
2] W Hpge 60~72% A== EREC

ol AdAlA 78] 3|48 o) fluorene, chrysene,



97 F Ggupekxs)

pyrene, acenaphthene, phenanthreneo] 80% & %2]
g2 2EHE v|TAH Hon dibenz(a,h)
anthracene, anthracene, acenaphthylenee] 50~ 60%2]
P Bg-g dEbislch ZA el WAl olivhg (4
t1, viv) el ARB-A] pyrenee] 90.67+6.7%¢] 7}
2 HeEE 289 EF0 AME 4] dibenz(a,
h) anthracenee] 390+55%= 7} & 3458
Rol 7 2zl 50% H 2] & Hols vehli
ohoojela 7 B9 3N4g Aele 33 770t
3% goll Z)Qlsplncke 7 oA 148
Qo w2 AelYe & 4 Ao

9 AYE Bl U 15714 wHe Hag 2
HZ Fo|F 0052 ANOVAE |43 $H24
AL T A3 (F: 4738, P<0000)2 LdX vlzt
ol FARL 2 Ak hepte

) HREEYE o] 83 SRMI64%as] 3% AY
A 1322} PAHs B3 3580 80~109%= ©f
F- SRM #H$jel = gie Ay & 7t »
- g 2 e 7k o2 10%
oA oz guig 443 A= SRM 1649a9
KA PAHs ok 57.33~68.19 mg/kgel 4] 62784175
mg/kgg Hej 92.1~109.5%2 vehgdol vl =8
Sholl 10% WA Ae| 2 4o F LT AL 5462
+048 mg/kgE 80~953%2 7L e Hpgg
bl

ol Al A A7+ B8 Apel: chrysenes} benzo
(k) fluorantheneo} SRM H$|5 x7lsl:= 3482
v}e}| ¢l o, fluorene, phenanthrene, benzo (b) fluo-
rantheneo] o] SRM )R} A Llelgc),
o] & A3 A= Y RE SRM H Vo)
Z =]

3y Agel AR gnligket 2347k shggn)
FE2AAAE ol 4T el Sohabg 44 mlel
FE2AZE 2420] Aol on, 2298 o[ 43 W}
Hell A= 250 miel] 304e], &AM 250 mls)
184]7ke] 4@ Fo] HEAzpell HAlgle] Da) 2
S feiAgEgte s 48 ube AdAE
od 7hE S 35 R], 289, L] e gic)

olde) AsteA W EA7L BAE 7] £
PAHSE Hol-dfreixlel AHste] 24T 7 9
FEEHEGE WEEEUE AT A 5=
& 5ET 2 gle] Al e W Ralrt gg

ool B4 PP aZAF 605

& %G 4 Atk =3 oz BARY FolA
AGEHNEEGR 10% ol R )= 4u)F A
8 4% FFnd 99 WY SN by
Hl3A) £4o] §le # ofet ALed foial gl
o) 54, 32N Fol UANE S5 oz
CNEDLS

#Fuzd

71434 (1996) 929 PM-10 3 PAHS Hxwsje] T
gt A g2 7| R E 5] 12(3), 341 -350.

a1 (1994) el /) e 2 FaAle) #a 2 2y
b A3, 3 w2l 252-253.

BARA97) Brl e A el Hrh g #ejr)s.

AR 7] 525 3] (1997) B35, 32, 1-140.

Arey, 1., B. Ziclinska, R. Atkinson, and A.M, Winter (1986)
Policyclic aromatic hydrocarbon and nitroarene
concentrations in ambient air during a winter time
high-NOx episode in the Los Angeles Basin, At-
mos. Environ., 21, 1437-1444.

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

Balaban, A.T. (1976) Chemical Application of Group Theory,
Academic Press, New York, 120 pp.

Blumer, M. (1976) Sci. Am., 234, 35-45,

Chandra Venkataraman, James M. Lyons, and Sheldon K.
Friedlander (1994} Environ. Sci. Technol, 28(4),
555-562.

Commins, B.T. and L. Hampton (1976) Atmos.Environ., 10,
361-562.

Dionex Corporation {1994) Extraction of PAHs from Envi-
ronmental Samples by Accelerated Solvent Extrac-
tion { ASE).

Fan, Z., R M. Kamens, J. Hu, and S. Mcdow (1996) Photo-
stability of nitro-PAHs of combustion soot parti-
cles in sunlight, Environ, Sci. Technol., 30 1358
1364.

Junge, C.E. {1997) Basic considerations about trace con-
stituents in the atmosphere as refated to the fate of
global pollutants. Adv. Environ. Sci. Technol., 8(1),
7-25.

Olaf, P. Heemken, Norbert Theobard, and Bernd W. Wen-
clawiak {1997) Comparison of ASE and SFE with
Soxhlet, Sonication, and Methanolic Saponification
Extractions for the Determination of Organic Mic-
ropollutants in Marine Particulate Matter, Anal.
Chem. 69,2171-2180.

U.S. EPA (1997) Federal Register, Compendium Method

I. KOSAE Vol. 16, No. 6(2000)



606 BT e - AFE - 2

TO-13A, EPA/625/R-96/010b.

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

Wild, SR., K.C. Jones, and A E. Johnston (1992) The poly-
nuclear aromatic hydrocarbon (PAH) content of
herbage from a long—term grassland experiment,
Atmos. Environ., 26(7), 1299-1307.

F2AANLAEHA A 169 A6 %

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 poly-
cyclic aromatic hydrocarbons. Marcel Dekker, New
York, 1-25.



