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ABSTRACT

In this study, a measurement method was evaluated for the determination of polycyclic aromatic hydrocarbons (PAHs)
in the ambient atmosphere. PAHs were sampled by high-volume samplers, and were then analysed with a GC/MS sys-
tem. Particulate PAHs were collected on 8"x10" quartz fiber filter, while vapor phase PAHs were adsorbed on poly-
urethane foam (PUF). Target compounds included a total of 36 PAHs, which are known to be frequently detected in
the urban atmosphere. It was not necessary to clean-up samples before samples were analyzed using GC/MS, and the
overall performance of the method was tested by a variety of quality control and quality assurance schemes. It is gen-
erally known that the clean-up procedure can negatively affect the recovery of samples. Precision and accuracy was
evaluated using SRM provided by US NIST, and the results were generally satisfactory and reliable. However, the GC/
MS method appeared not to be adequate for 6-rings PAHs, such as coronene, due to its lower sensitivity. In addition,
collection efficiencies for low molecular compounds, such as 2-rings PAHs, were poor because of the lower retention
volume of the PUF adsorbent. As a result, it was concluded that the method based on high-volume sampling and GC/
MS analysis can give very reliable data by simultaneous sampling of both particulate and vapor phases for 3-rings to
5-rings PAHs of environmental concern.

Keywords: PAHs, QC/QA, GC/MS, PUF, SRM

®2|71& =20k

LM B I} 732 A WAl ol g} F7, 5, At

Y T AR Hoke] Aaaor] F2 wiEsdnt

A7 ol EAIsE TREhTaEEslA (Polycyclic PAHs= W7] Fol 9 #xFo glor 53
Aromatic Hydrocarbons; ©]3} PAHs)= W&o =2 dl benzo(a)pyrene o] EFZ HEZ Hzo| 0HE
Aarz] whellA o7l AtololH, ghael A% FERE Zolth? tAIFe R UMY PAHs7t 57174 PAHsel
ol Stk wiAlazg] 37 o]&ke] PAHsE F714o = Hlg] H4d0] AR &2 AR g Yrk? v
F2 E=A)eh, widlazeg] 72 dE benzo(a)pyrene Az o g AHERO|HAME WMol & PAHs =
SO i YApto ' E)EIT)D PAHSE AMAT 4 benz(a)anthracene, chrysene?} 72 3132 57]-UA}

B Adagels GRSt D F A HAY
Zol els) F2 AT PAHsE AHE, sMHEd 5

(¢

fCorresponding author : Department of Environmental
Engineering, Yeungnam University

Tel: 82-53-810-2544, Fax: 82-53-810-4624

E-mail : soback@yu.ac.kr

322

g Rz EAsl ol BFE W] F
Bl QoA A AlEeF S AR FAIA
Fe vle 23010 TS 5714 PAHs FEE F1
Aol FRHel FAF e FEalelE Yehed
PAHs A ZxF 0] T3 F32 A= 2SS ABA)
A, AN, FHA BF, 4% 59 JgAA

o=



£ A3 AEsof
7 HPLCE ©]83 PAHs B4 E UuvaZ7)¢}
FAE7Y BAPY LI A-3ske Welede

'303 o
WS gk uiAlsk] flsl, s=3o= At ZA
AeS 18l A (clean-up) IS wk=EA] o7 1Y
th HPLC 45 lslixle Alm Fof Hs85E80)
EFH 5)E A A=A F HE8ulE S480eF
AEYeEE F)E Xk o] 7= AUTE ol
st A FE T SuiX S-S A HARE B
ol g} A2A} PAHs®] 73-9- ¢4 &4o] o= Unt?
Iy 2 v]= 373 H 5= (Environmental Protection
Agency; ©|3} EPA) 5437718 =71 (Method TO-
13A)2] PAHsE GC/MSZE F-Ash= Zwiolr=
PAHs A& FAE] Al Aid o2 73s A5 44
AR ] A 7S YRR QT

PAHs 413} 7o A sAjFA T Ao &
ek AR A S84 A2 AdoA] F
2ol A =#2](Quality Management, |3} QC/QA) 4
7t aErh. A=A (QC/QAR “F=A]of(Quality
Control, QC)9} A X=X 5(Quality Assurance, QA)C.Z
vtk A=A QOE 549 S el &
W (precision)?} 7= (sensitivity)Z UERE 4= 1o
AERZ(QA) kol Hsle A=E vellie &
g qaste] WriE 4 Qi) $ERtEe] e
(QC/IQAY thgh = AFATF SAFA A3l 4
o|gol| ek ARZQl AIRIE WA Myt oy}, =
ARA s gk A2ds 31 & e AR
g3t Ao 7Fs3th ' el Wi7] 5 PAHs 97
dre= dAZ T wel o] A=A (QC/QA)
AFE AABAL AckSH

S7ul7159] PAHset Zo] wEpEo R EAjse
7189 AS BAAEIA BAE FEsa AFA
UE SHEHRE A7) Qs 7 B2 e Als
AFHsteor & Tt Aok T3 W] F FEE,
FAE, AAET 22 Fr1Edd ZgYolE 53 7
F71EDS S AFH st EAstedor & 49 &t
o8 AEANF W2 dYFHoR g F83
o] & 4= 9t} 2 slolEF AlEAFHC] -
qoz EAElE fUIEES Al AFHE] SlsiA
£ o] Bo| FuEE XAD29F e Bugat
Ae AR 4 gle o] Jdom ErtusHl 49
4] A fdvl= PURY 22 tad S2HA1E A
L4 &8 T gle e Aok wEkA 2B AT
XM= A9d-ZEe PUFE A2eh slolE-F PUF

AEHAE ol&ste] 7] T ngm’ FE A=

o oot

| Slo]EF MEH ¥ GO/MS EAHS e s 323

PAHs®] AV 57148 BAIAIFS & GO/MSZ
X5k o) i AsS Hrket dddow
A 5 Qe EAFS vzt 24t PAHsE

u]= EPA TO-13A ¥PHoA A4S 197) 22 2 o

3 % 367 EEe AAsAL 53 AU T
PAHs A5 ARl 53 sl GC/MS
2 EA% Ao disl ket J=3E(QC/QAE F
sl SAEIEE Hrlstgon, stie TS A5y
£ olgdte] EANEE o E AEAFHAEE X

ks AnA 24 ADYE BosIsITh

II. od1dHH

1. PAHs A|EXF % F&0H

B Aol = YAE PAHsE AFH 7] sl
8"x 10" 2 99-FHE|(QMA, Whatman, England)E,
<71’ PAHsE AFH 37 A3 A7 3"x Zo] 3"
polyurethane foam(©]3} PUF, Tisch Environmental
Inc., USAYS 22t ARE-SISITh FEl= Al Aol
7178 EEES AASP] st 400°ColA 5A1Z €
) sle] JUE-S A A3t PUFS acetone 70% +
methanol 30%5 &3¢t 8H-& soxhlet FZFX|A]
NG 43 ool +EhgR 24N BES AAS
ATt g 2 Aollx e AlEAFH H FEEVE A
23k ZE 79} PUF I1E A5 T3l FH=sh
o F& 9 BA3t A3 BE PAHs dEZ A&
SH| oJslE UERTE AEAFE slolEF PUF A&
2] (Tisch Environmental Inc., USA)E ARSIt &
71X EE 550 /min®] F-HO 2 24A7F dA& 71ESke]
ok 800 m*E AF 3T AlE7F AFHE FE S PUF

Filter (Sampled particulate PAHs) PUF (Sampled vapor PAHs)
4 3

Spiking laboratory surrogate standards

4
Sonication (1hr) L 2
4
Soxhlet extraction (6 cyclehr for 16 hrs)
150 mL for filter, 350 mL for PUF (acetone 10% + hexane 90%)
]
Concentrated to 3~4 mL by RapidVap heating evaporator with N
]
Drying (water removal) with anhydrous sodium sulfate (1.5 g)
L
Concentrated down to 0.5 mL or 1.0 mL
3
Spiking internal standards
]

Injected 1.0 pl and analysed by GC/MS (SIM mode)

Fig. 1. Extraction procedure for the determination of PAHs in
this study.
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Table 1. Characteristics of 36 PAHs analyzed in this study
Nomenclature Retention time (min) Formula Primary ion Boiling point (°C)
IS d8-Naphthalene 8.634 CioDg 136 -
1. Naphthalene 8.670 C,oHg 128 218

SS d10-Biphenyl 10.532 C,Dyg 164 -

2. Biphenyl 10.574 CpHyy 154 255
3. Acenaphthylene 11.434 C,Hg 152 280
IS d10-Acenaphthene 11.688 CpDyg 164 277~279
4. Acenaphthene 11.753 C,Hy 154 279
5. Fluorene 12.768 CisHyp 166 298
6. Dibenzothiophene 14.574 C,HsS 184 332~333

SS d10-Phenanthrene 14.799 CiyDyo 188 -

7. Phenanthrene 14.853 C,Hy 178 340
8. Anthracene 14.968 CiHyo 178 340
9. 4H-CdefPh” 16.212 CisHyy 190 353
SS d10-Fluoranthene 17.573 CisDygo 212 384
10. Fluoranthene 17.619 CieHyg 202 384
IS d10-Pyrene 18.139 Ci6Dio 212 -
11. Pyrene 18.185 Ci¢Hyo 202 360-404
12. Benzo[c]phenanthrene 20.547 CisHjy 228 -
13. Benzo[ghi]fluoranthene 20.617 CisHyo 226 -
14. Cyclopenta[cd]pyrene 20.617 CisHyo 226 -
SS d12-Benz[a]anthracene 21.009 CisDy» 240 -
15. Benz[a]anthracene 21.065 CisHyp, 228 437.6
16. Triphenylene 21.119 CisHp 228 438
17. Chrysene 21.157 CigHyy 228 448
18. Benzo[b]fluoranthene 23.777 CyHj 252 481
19. Benzolj]fluoranthene 23.777 CyHys 252 -
20. Benzo[k]fluoranthene 23.777 C,oHy, 252 480~491
21. Benzo[a]fluoranthene 24.077 CyHy» 252 -
22. Benzo[e]pyrene 24.619 CyHy, 252 493
IS d12-Benzo[a]pyrene 24711 CyDp 264 -
23. Benzo[a]pyrene 24.791 CyHj 252 495
IS d12-Perylene 24.961 CyoDyy 264 -
24. Perylene 25.047 CyoHy, 252 500~503
25. Dibenz[a,j]anthracene 28.514 CyHyy 278 -

SS d14-Dibenz[a,h]anthracene 28.930 CyDyy 292 -
26. Indeno[1,2,3-cd]pyrene 29.050 CyH,, 276 -
27. Dibenz[a,h]anthracene 29.068 CyHy, 278 524
28. Dibenz[a,c]anthracene 29.068 CyHy, 278 518
29. Benzo[b]chrysene 29.543 CyHy, 278 -
30. Picene 29.710 CyHy, 278 518~520
IS d12-Benzo[ghi]perylene 30.184 CpDpy 288 -
31. Benzo[ghi]perylene 30.323 Cy,H;, 276 >500
32. Anthanthrene 31.001 CyH,» 276 -
33. Dibenzo[b,k]fluoranthene 37.214 CyHyy 302 -
34. Dibenzo[a,h]pyrene 39.875 CoHiy 302 -
35. Coronene 40.127 CyHy 300 525
36. Dibenzo[a.e]pyrene 41.557 CyHyy 302 -

*4H-CdetPh : 4H-Cyclopenta[def]phenanthrene.
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Table 2. Operating conditions for PAHs analysis with GC/

MS system
Agilent Technologies
GEMS 6890N/5973 inert
Column DB-5MS
Column (30 m x 025 mm x 1.0 um)
&, Carrier gas Helium
Carrier Carrier flow rate 1.5 m//min
Injection volume 1.0~2.0 w (10.0 W Syringe)
Injector Injection mode Pulsed Splitless mode
Injector temp. 300°C
Initial temp. 70°C (1 min hold)
Ramp 1 15°C/min to 205°C (0 min hold)
Oven  Ramp 2 10°C/min to 325°C (20 min hold)
Total run time 42 min
Electron energy 70 eV
Mass range 100~350 amu
Detector Quad temp. 180°C
ITon source temp. 300°C

Transfer line temp. 280°C
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Fig. 2. Typical GC/MS chromatograms of PAHs (SIM mode).
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Fig. 3. Comparison of TSP concentrations from simultaneous sampling using five identical samplers.
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Table 3. Precision data for PAHs from simultaneous sampling using five identical samplers
Analytical precision Overall precision
(n=11) Run 1 (n=5) Run 2 (n=5)
Compounds RE - RL - pipe rsp MPAMS pep pams rsp MEPAMS pep
RODT RO gm) ) g Te %) (gm) (B g TSP (%)
(%) (%) Hg Hg

Naphthalene 1.5 0.5 1.30 22.1 0.018 20.6 8.51 352 0.135 38.1
Biphenyl 6.6 0.4 0.86 204 0.012 21.1 5.50 31.9 0.087 34.6
Acenaphthylene 6.0 0.3 0.07 29.2 0.001 28.6 1.21 354 0.019 34.8
Acenaphthene 4.4 0.3 0.03 36.2 0.000 36.8 0.19 30.2 0.003 284
Fluorene 5.5 0.3 0.39 32.8 0.005 32,6 2.53 342 0.040 343
Phenanthrene 75 0.3 30.40 7.7 0417 123 106.58 41.8 1.702 452
Anthracene 15.8 0.3 3.50 14.2 0.048 16.8 7.10 37.8 0.113 41.1
4H-CdefPh 1.7 0.3 3.18 114 0.044 14.7 11.70 44.2 0.187 47.6
Fluoranthene 6.7 0.2 4.05 10.0 0.055 10.2 4.54 4.4 0.072 6.7
Pyrene 09 0.3 337 10.8 0.046 109 371 4.0 0.059 73
Benzo[c]phenanthrene 4.6 0.2 0.23 6.9 0.003 4.1 0.16 41.1 0.003 40.7
B[ghi]F+CcdP 14.9 03 0.68 12.0 0.009 10.0 0.67 442 0.011 44.0
Benz[a]anthracene 16.8 0.3 0.58 9.6 0.008 6.2 0.36 31.6 0.006 31.8
Chrysene+Triphenylene 6.5 0.3 0.88 13.6 0.012 10.8 0.79 339 0.012 334
Benzo[b+j+k]fluoranthene  13.8 0.3 0.87 17.2 0.012 15.1 0.76 7.8 0.012 44
Benzo[a]fluoranthene 79 0.3 0.10 15.6 0.001 12.1 0.08 12.3 0.001 14.2
Benzo[e]pyrene 53 0.3 0.39 17.0 0.005 14.6 0.37 7.8 0.006 4.5
Benzo[a]pyrene 34 0.3 0.33 18.9 0.005 15.1 0.28 6.4 0.004 5.8
Perylene 4.5 0.3 0.06 17.8 0.001 16.2 0.05 6.3 0.001 6.1
Dibenz[a,jlanthracene 5.1 0.3 0.05 46.4 0.001 475 0.03 39 0.001 84
Indeno[1,2,3-cd]pyrene 1.7 04 0.30 33.6 0.004 334 0.28 6.0 0.004 50
Dibenz[a,h+a,c]A 6.0 0.3 0.10 43.0 0.001 439 0.07 5.5 0.001 59
Benzo[b]chrysene 73 04 0.05 41.6 0.001 423 0.04 6.7 0.001 56
Picene 13.1 04 0.07 363 0.001 36.6 0.06 7.2 0.001 5.6
Benzo[ghi]perylene 2.6 0.4 0.43 47.2 0.006 46.7 0.44 6.9 0.007 50
Anthanthrene 11.7 0.6 0.07 33.1 0.001 324 0.07 74 0.001 11.5
Coronene 19.3 0.8 < MDL - < MDL - < MDL - < MDL -
a) RSD(%) = SD/Mean x 100.
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Table 4. Estimated detection limits for PAHs analyzed by GC/MS

MDL? by MDL by LY DLY QDI for ambient air
Compounds SRM 1649a”  standard solution” Q concentration”

(be) (b) (ve) (pe) (ng/m’)
Naphthalene 31.0 134 17.0 93.0 0.058
Biphenyl - - 227 68.1 0.043
Acenaphthylene - 49.6 21.5 148.8 0.093
Acenaphthene - 70.6 333 2119 0.132
Fluorene - 66.6 30.3 199.9 0.125
Dibenzothiophene - - 21.5 64.6 0.040
Phenanthrene 434 62.0 18.6 186.0 0.116
Anthracene - 38.2 20.6 114.7 0.072
4H-CdefPh - - 28.0 84.0 0.052
Fluoranthene 334 25.7 17.4 100.2 0.063
Pyrene 26.7 21.7 16.7 80.2 0.050
Benzo[c]phenanthrene - - 29.3 87.9 0.055
B[ghi]F+CcdP - - 29.5 88.5 0.055
Benz[a]anthracene - 22.4 23.3 70.0 0.044
Triphenylene 16.0 - 20.0 60.1 0.038
Chrysene 16.0 19.5 22.4 67.1 0.042
Benzo[b+j]fluoranthene 204 30.0 27.5 90.0 0.056
Benzo[k]fluoranthene - 31.8 319 95.7 0.060
Benzo[a]fluoranthene - - 34.0 102.0 0.064
Benzo[e]pyrene 14.7 36.2 31.1 108.5 0.068
Benzo[a]pyrene 11.6 38.1 36.5 114.4 0.072
Perylene - 31.5 36.2 108.5 0.068
Dibenz[a,jlanthracene - - 61.8 1854 0.116
Indeno[1,2,3-cd]pyrene - 123.5 47.6 370.5 0.232
Dibenz[a,h+a,c]anthracene - 334 10.0 100.3 0.063
Benzo[b]chrysene - - 87.5 2624 0.164
Picene - - 81.4 244.2 0.153
Benzo[ghi]perylene 14.3 37.2 65.1 1954 0.122
Anthanthrene - - 95.1 285.3 0.178
Dibenzo[b,k]fluoranthene - - 121.0 363.0 0.227
Dibenzo[a,h]pyrene - - 154.8 464.4 0.290
Coronene - 15.9 107.5 322.5 0.202
Dibenzo[a,e]pyrene - - 1723 516.9 0.323

a) MDL: Method Detection Limit, as MDL = SD x t(n-1, 0.01)

b) Five samples of the 1649a urban dust (20 mg/ea for dust, 50 ng/ea for BaP) were extracted, and then concentrated to 1 m/
before 1 pl injection.

c) Five different standard liquid samples (about 200 ng for BaP) were extracted, and then concentrated to 1 m/ before 1 p/
injection.

d) IDL: Instrumental Detection Limit, Signal-to-noise ratio for area was approximately 2.5.

e) QDL: Quantitative Detection Limit, which was estimated by 3 times of IDL.

f) QDL (ng/m’) was calculated for norminal condition of 1 m/ of final solution, 2 w/ injection, and air volume of 800 m’.

IDLe] 4-5v] F= 39 2L spikingdh= ©lf+= =
3] Y Fro] Aol AR F AWV EEEe + 483k
W

s&=7t zerob 83 ok e ofvidith & < Table 4<>ﬂA1 & 9l%o] ¥ PAHS| 79 IDLE
o MDLe] § %2 @& UL eS¢

FollAE MDL 4 4 H SRM1649 = v 23
st} Alget TS o R FEslo] A W) At Yutgo g wjg e Fro| g8 spikingdt
A L RFEEAS FEYX loﬂ spikingste] A=} B3 A3E Bt 43 MDLe] IDLEth=

2 %
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Table 5. Sampling efficiencies of vapor phase PAHs adsorbed on PUF

Detection amount ratio

Target PAHs
Front PUF Back-up PUF
Less than 50% Lager than 50% Naphthalene, Biphenyl, Acenaphtylene, Acenaphthene, Fluorene
50%-85% 15%-50% Dibenzothiophene
85%-95% 5%-15% Phenanthrene, Anthracene,
95%-100% 0%-5% Fluoranthene, Pyrene, Benzo[c]phenathrene, Benzo[ghi]fluoranthene,

Cyclopenta[c,d]pyrene, Benz[a]anthracene, Chrysene, Thriphenylene

o] ZoR B2 MDLRIE WolAAl B 5ol
2T} IDLZE Al SANHIE o] Fo 7 Elsli]
w2} MDLZE] AdlEel Z71e g8 = Atk
Z2vh MDL %ol IDL RtEch WA FH AT 8l
A MkEA] 2 FAA7E S s 2= Qloh =
ok MDL> AV HE-S bach 23 wiwieh o
ZA =AY 47 Jorz o HE AU 9N
£ Zl=t RohE F5Zo R B ushs FeAlEe] Al
2E Hrishr] f1gk shue] =R ARRE= Bl F
Molgtar & 4 Qlth. o]l o]folx B Afox=
A #7153 (Quantitative Detection Limit, ©]3} QDL)
& FAF oA MDLE IDL FollA o Fol&
=A et g 7o ® I gl thAl 3ulE st
o] 2K st

Table 40 Ueld 7] & s% FHoZ #3
QDL(ng/m*)& B Aol A A7l 483
2 A8 HF FFES 1ml GC AR FUHS
2ul, Z71AAGES 800 mS Fgate] 45 Azt
ojth. wHF AlRS] FEUL WE AS HET §98
0.5 miE-2 03 mly7HAlE o@A] & 55 = o
B2 QDL 1 Ayt of3tE Yold 4= it} uwet
A Znkd oz B ou B Aol 4% PAHsY] A
FAEIAE Angor B o thef 0.1 ngm® 5
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7F Yol AETAIF B2 Foz Yeit

3. PUFQ| A|EXMZSs o}t
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2 Al AlEE ANFSAT AR PUR= 29 AE
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Table 6. Comparison of recovery efficiencies of PAHs from this study and other studies

References B??;g‘;t)g?l' Pg'gof)’)é’f' P(yz‘(’)oeé)ﬁf' This study
Spiked amount ca. 1 pg 2 ug 2 ug 2 ug 15 ng 15 ng 15 ng ca. 1 ug
Extraction Soxhlet ASEY Soxhlet  Sonication Sonication Sonication Sonication  Soxhlet
Solvent pem P ;‘X) DCM  CHXY  DCM BZ*(IIff?H) P AC(TI;P)‘X“
Clean-up used used used used not used not used not used not used
Analysis HPLC GC/MS GC/MS GC/MS GC/MS GC/MS GC/MS GC/MS
Number of Data 6 5 5 5 5 5 5 6

Compounds Recovery® Recovery  Recovery Recovery Recovery Recovery  Recovery  Recovery

(%) (%) (%) (%) (%) (%) (%) (%)

Naphthalene 22.7 68.8 715 46.7 - - - 70.0
Acenaphthylene 27.5 60.2 62.2 58.7 103.9 76.2 66.9 66.9
Acenaphthene 352 71.7 727 80.3 98.5 69.7 68.2 74.9
Fluorene 533 80.3 75.0 77.8 102.7 774 72.2 81.8
Phenanthrene 79.3 78.3 76.2 78.8 96.7 84.2 79.4 61.5
Anthracene 74.4 552 66.3 53.0 94.0 82.0 83.5 78.3
Fluoranthene 88.8 71.8 68.2 56.3 85.4 82.8 79.5 80.6
Pyrene 93.1 814 76.0 66.7 79.4 76.2 78.7 79.5
Benz[a]anthracene 83.7 71.7 66.5 63.8 76.1 86.5 74.3 82.6
Chrysene 86.4 80.8 81.5 80.5 67.1 70.5 76.7 80.9
Benzo[b]fluoranthene 85.9 78.5 73.5 58.7 58.8 67.7 72.8 87.5
Benzo[k]fluoranthene 90.2 753 67.8 51.8 634 653 73.6 89.5
Benzo[e]pyrene 88.3 - - - 56.5 60.8 73.7 83.0
Benzo[a]pyrene 86.7 753 753 68.5 63.4 70.2 72.2 81.5
Perylene - - - - 60.2 66.6 70.3 783
Indeno[1,2,3-cd]pyrene 85.3 70.8 69.5 47.3 74.0 90.6 71.5 93.0
Dibenz[a,h]anthracene 86.1 60.8 543 39.7 80.5 88.7 70.9 98.5
Benzo[ghi]perylene 90.9 715 66.5 443 63.6 64.6 723 84.3
Coronene 88.5 - - - 85.1 93.6 66.6 69.5
Total Mean 74.8 724 70.6 60.8 78.3 76.3 73.5 80.1

a) ASE: Accelerated Solvent Extraction; b) Dichloromethane; c) Diehtyl ether+Hexane; d) Cyclohexane; e) Benzene+Methanol;
f) Acetone+Hexane; g) Recovery(%) = Measured amount / Spiked amount x 100.

HOZ PAHSE FE-55% & 243l I4r&s +
3l3iTE Table 60ll= & A+°] PAHs 5% 35§
= g Akl & 3eES eIt 2 A
o] FF3|4EL 80.1 %E V= EPA TO-13A "
oA AAEHE 60~120%2] BFF S a3
B} A7AdE Aunrm Wb Afoa Wl
370 ©]3}€] naphthalene, acenaphthylene, acenaph-
thene®] 3]4&0°] 352% ©|stE UElEH o=
HPLC #4] Ao &w|X|3t spgolx] st &A%
AtsEch v AlSAGA L T oY GO/
MSZ #Agto g Q3] Snix|saydL FastA] &
Skt WAl 374 olst &9 3o i
60% ol3ds i o §uix$k FPoA AR}
PAHs®| =42&2 AT Ao Wl=A] agEofol &

SU|E cyclohexanes} ZE ©|83 FEYHo|
Foz e FEUH v3)] 5go] ¥ 3
A LJEtaL F AT AIox FEFHHIY 2

S)7&-2 thsdolsd vl 7 dAtedxe &
Sl 2 acetone:hexane(1:9)5 ARS8}, hexaneol
acetones F-IH|E 10% H7IEo2H S48 25 &
7HAA WEEAdQ) PAHse] &S folsAl sk

Hexane3} acetone> USEPA TO-13A WA F=
2902 AME-E= methylene chloridet} diethyl ether:
o AUdoz 540 W EHolHME FEHTS

FAbstch elA glek

o O
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WERATE 2 Aol BEd W7F A3 PAHs AU
FEE F 7P BT =2 benzo(a) pyrene®| 7
& FAAN LAt 14.8%EH WS- F5d AFE U
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TS}, Bgh Table 700 YR BF Ae] Aok
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AP FEPEAR SARFEAS Ao nE
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Table 7. Comparison of accuracy data for PAHs using SRMs or CRMs from various studies

Seo et al. Baek ef al.  Kim ef al. Chung et al. Park et al.  Pyo et al.

References (1988)" (1995 1996y (1998)" (20000 (2000 M study
Reference material ~ SRM 1647SRM 1647 SRM 1649 CRM08-05-001 SRM 1649 SRM 1649a SRM 1649 SRM 1649a
Spiked amount - - 30 mg - - - - 200 mg
Extraction Soxhlet  Soxhlet soxhlet Sonication ~ Sonication ASE” Sonication Soxhlet
Solvent DCMP DM pom BAEOHY pem  DEEHEXT oy ACTHXY

(4:1) (1:9) (1:9)
Clean-up used used used not used not used used not used not used
Analysis HPLC  GC/FID HPLC GC/FID GC/MS GC/MS GC/MS GC/MS
Number of Data 3 6 6 7 6 5 4 9

Compounds RE"(%) RE(%) RE(%) RE(%) RE(%) RE(%) RE(%) RE(%)
Phenanthrene 2.7 18.6 - - - 9.3 21.0 52
Anthracene 4.5 - - - - 2.6 - 253
Fluoranthene 9.2 - 2.8 1.3 11.3 7.0 8.7 34
Pyrene 4.1 1.7 - 0.2 2.8 0.5 229 6.6
Benz[a]anthracene 4.3 2.4 7.7 1.1 30.8 6.2 29.6 13.1
Chrysene® 10.0 13.0 - 1.3 194 18.3 9.3 1.8
Benzo[b]fluoranthene® - - - - 4.8 7.3 20.1 11.2
Benzo[k]fluoranthene - - - - 14.3 124 24.5 214
Benzo[a]fluoranthene - - - - - - - 239
Benzo[e]pyrene - - - - - - 18.9 17.6
Benzo[a]pyrene 6.4 17.5 6.9 32 233 3.7 43 14.8
Perylene - - - - - - 10.8 14.4
Dibenz[a,j]anthracene - - - - - - - 27.3
Indeno[1,2,3-cd]pyrene - - 9.1 - 24.2 8.2 26.4 37.0
Dibenz[a,h]anthracene”  10.0 0.3 - 1.2 - 7.8 - 13.4
Benzo[b]chrysene - - - - - - - 8.2
Picene - - - - - - - 10.2
Benzo[ghi]perylene - - 44 - 17.8 13.3 52.8 12.2
Anthanthrene - - - - - - - 15.5
a) ASE: Accelerated Solvent Extraction
b) Dichloromethane; ¢) Benzene : Ethanol; d) Diehtyl ether : Hexane; e) Acetone : Hexane

f) Relative Error(%) = (measured value — true value)/true value x 100 (%), true value is the certified value of SRM.
g) Chrysene and triphenylene are combined.

h) Benzo[b]fluoranthene and benzo[j]fluoranthene are combined.

i) Dibenz[a,h]anthracene and dibenz[a,c]anthracene are combined.
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