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2 %2 AFdME TA FFEZHI GCFIDHS o &3t A& A8 59 PAHsE
acetonitrile &M 2 FE3st] FFEA stAT A FFEFHS ol &t 759 PAHs, =
acenaphthene (Ace), anthracene (Anth), benzo(a)pyrene (BaP), chrysene (Chry), phenanthrene (Phen),
fluoranthrene (FI) % perlyrene (Per)S #2439t ol &9 HAAXNLE E5F 04-~166 ppb(’d
Al 0.9985~0.9999)2] WA 24S HATh TE 859 PAHsS GCHOE EA317] 9%
AL 100 ppm FFE N2 ALE-3F AL, split ratioS 109 A F-E 10071A] H3IA1Z wjof] wHY
= peak WA S 013’3}04 st A AEHEE 4 FFEF U] GCHET Aol= 1009)
o]’ ¢-F3tAth AEEf A5 T F PAHs &HFS LNG(H )¢} LPG(%“]M H| ol A
2¥7} 5.5 ng/g¥ 10.5 ng/ge] FELE ue_rﬂ Aom, 7tEAS AHE3te ksl AHE A
&3le 32 2 EGLHY A&ZolA 22 922 nglg, 92.6 ng/g B 130.3 ng/g Sol A5
BRrE AHSste REH DY AN 7P B o] AES & F AT

Abstract : Determination of some PAHs in used engine oils have been catried out by extraction of the

0O

components into acetonitrile followed by GC/FID and synchronous spectrofluorimetric technique. 7
PAHs, such as acenaphthene (Ace), anthracene (Anth), benzo(a)pyrene (BaP), chrysene (Chry),
phenanthrene (Phen), fluoranthene (Ft), and perlyrene (Per) in used engine oil sample were able to
determine separately by synchronous spectrofluorimetry. Calibration curves for those components were
linear for the concentration range of 0.4~ 166 ppb PAHs with the corelation factor of 0.9985~0.9999.
The peak areas produced by GC/FID split ratio program were used for the calibration curves of the

other 8 PAHs. Detection sensitivity of the synchronous spectrofluorimetry seems to be 100 times more
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sensitive than GC/FID method. The total amount of PAHs in the used engine oil were 5.5 ng/g for

LNG (bus), 10.5 ng/g for LPG(taxi), 92.2 ng/g for gasoline-passenger car, and 130 ng/g for diesel

trailer, respectively.

Key words : Synchronous Fluorescence Spectrometry PAHs (polycyclic aromatic hydrocarbons), Used lubricating oil
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2.1. 717] ¥ Alef

E Ao A A8t gas chromatograph=  split/
splitless  injector®} FID detector”} 2HE  Hewllet
Packard (HP, USA) A}2] HP6890 GC®ll capillary column
(CP Sil-8-CB Low Bleed/MS, L 30 mx ID 0.25 mm X
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Adg AeBhol FHE v

T0.25 ) (Varian, USA)S AZ3te] PAHs®] A% &4
o AME-3}92H, chromatograme HP 3396 series III
integratorS AH&-st] F33H{th. GC/FIDAA Z2ld
7} peakE9] AEER1S $13te] HP58901I (HP, USA)l
mass selective detector (HP 5971A MSD)S 443 t}-2
GC/FIDS] A3olAe} FUst ZAhx Eexrdo=z
mass spectrum-S FAFSFATH

Fluorescence spectrophotometer= Varian co. (USA)<]
Cary Eclipse fluorescence spectrophotometerol] Xe-34<13}
Icm x 1cm 4-window quartz cell2 4-channel multi-cell
exchangerol] Zato] ARESIYITE S FYL3|AbelA
A F3H= Cary Eclipse softwareS AFE-3FY] spectrum )]
R olANE AN HAL AR,

AEBE F9 PAHSE AFEAS] skl Az
& Ao F59 vlgel geld 42 17le) 1§
oz BRER, F 275 +A59T 449 Ars
°F 100 mte} FH7F HES AAEEReIC LA
ol FAE 0.1 b G JFAgh Aust
271 AZtEEt~Fol 25 mle] acetonitrileS FH7FAY]
I 2FT BATIEA 20 FRF FES ool A
= 100 meo] FIEeraId 248t &4 YAtk
o] #HAS 33| o] whEste] BT il HIFH

7} 100 m7} EEE acetonitrileS ©]-&3F] FA7IA|

16% PAHs EF8HL2 US-EPA M831001A AJA|
3 AEEo] e EF-8A O Z A AccuStandard co.
(USA)IlA A|zH PAHs EFXFEY, 0.5 mgmlsS
acetonitrile SU]E AFE3te] 100 ppm FE2 §doF
B34 Ay, DAt BAHoR 34
AHESE T 4] PAHs AEEol| th3dl fluorescence
spectrumS- FAFSE7] flsto] AREEE A AHEES TCI
co.(Japan)oll 4] A|xg EF Aloks FYst Ags)
Ak AFol] A8 acetonitrile’?} n-Hexaned EF
Burdick & Jackson co. (USA)®] HPLCH A|oFS AL&-3}
At} &3k GC/FID (GC/MSD)H 0.2 PAHsE A HE4]
3}7] Y35l Sigma Aldrich co.(USA)2] phenanthrene-dio
& chrysene-d, 2 WERTFEZDZ AFSSIATL
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3.1. GC-FIDO| 2lst PAHs2| &4

GCE o|&¢ PAHsO| #& % &4 WL Us-
EPA, Y& SAA FollA Alke o s B A7At
o] A7-ate] Hagh v itk & AFelA= PAHs A
Z ¥ (CP-Sil 8 CB low bleed/MS, Varian, USA)S A}
ste] 1659 PAHs AEES 288 T AUe 21&
gatar &4 Mgl Agshr] A% HHxdS A8
7 AT} Fig. 19049 22 AZnEIYS AL F
AAt Fig. 12 7247t 597 &= Z2 gl 93]
A B3 F2rEaP o2, 194 E 150 Tol
A 432 &< He carrier gasE 1 ml/min®] £E2 85
WA g 2 33 A4 EAJsE VOCs AR5 B
$-2]= naphthalene2H-E EA AT 294 ~59A ¢
e RO 474 RS EeleS TN
71§18k 150 ColA 425t FAIF thaell 20 C
/min®] EEE FEAIA 270 CAA 625 FA5I5TH
a8a B, 15 C/ming] $E2 523810 285 CojlA
15% 3¢t FAAAN ZE AEEQ chromatogramS
2 F UMk

GCFIDHE o]&3te] 1639 PAHs AEE FoA
L7FA] BRES AFEAE F A S™, acenaphtha-
lene (Ace), acenaphthtylene (Acl), fluorene (Fl), phenant-
hrene (Phen), anthracene (Anth) % fluoranthene (Ft)-> 0.
1~091 ngi$lellA] 09970139 £ FHATE et
2™, naphthalene (Naph), benz(a)anthracene (BaA),
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Fig. 1. Gas chromatogram of 16 PAHs (10 ppm) obtained
by FID [Condition: carrier gas; He, 1 ml/min,
split ratio ; 1:20, injector temp.; 250 C, detector
temp.; 300 C, oven temp. programmed, flow rate;
He, 20 ml/min]
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benzo(a)fluoranthene (BaFt), pyrene (Pyr) 2 benzo(a)pyr- A = 464 nm IS o]l AFRXE St 4
ene (BaP)2 0.1~0.45 ng®] 'HY A 0978042 4 AT
A4S e Fluoranthrene, benzo[a]pyrene, perylene, anthracene,
JE, B QPeAE 4 SO welshe] Naph,  phenanthrenc, ¥ naphthalene % 7179 5% 3142
Acl, Fl, Pyr, BaA, BbFt, BkFt 2 DahA 59| 97}4] Z4ste] synchronous methodS AHE-SHA Table 1914
878 GOFDHOZ LA Gekd st el el ) 9% glol 4 wE
B4 gunoz Aag & 99t
3.2. SA| SLBLEMU0| Qs PAHsS 24 3k ppb T AT PAHSE F@EA4sl] 4
dirdo g ARRHE % A 14" SF ato] Fage] Al71= 800 Vel Hste] Arlsle BHF
e Auol 2A vl 948 sggeel el o3t Akl
5= WE 22ds Ssks WHoEA Y%
WE B34S Ve 7 AREY £ A@dde 74 Table 1. Relation between excitation and emission
Aeldty. FAl ¥FEFH (synchronous fluorescence wavelengths of 7 PAHs
spectroscopy, SFS)E 5= 34 (A, 2801 2.5 nm) . Wavelength, . Wavelength,
oo I O ES: 50 im)E R oA OTPOTENS L FOmpOnes
A MNE FiL, sA FARHA WE ~HERS Acenaphthene 227 322 Fluoranthene 287 487
ZAEO 2N, 7189 FF EAMAE A dE A Anthracene 356 376 Perylene 434 464
HE AL 5 oA ok Benzo[a]pyrene 387 402 Phenanthrene 292 362
B AF)ME 2A7ke] PAHs HEE0) tste] my s 267 362
& AN (A-Ae)E 285l Table 200 g2l 202
OlE ARES AF BXSAL Fig. 2= AN = 95 nm
£ Z&38t9S Wl 200 nmellA 500 nme] %
HHE 240 nmjs?] HFEE FAREIY 42 AAEHS
eRd Aol Fig 29 ¥3iE ~HEHL E50)
Aol tigk FAE ~HEHORXN 7 HEE] %
WE e SF QA AN B2 HF agel
FRLE el Foh FY XA 1059 3
PAHs 425 5o acenaphthene¥} chryscence> ZHz} g,
Ae/Ai= 227 nmy322 nm} 267 nmy362 nmol|l Al 43 % 2
& AAPE B8 & Ao, YR dese o £
2R FAEE B2 Lsieh T AL -
95 nm2] g -8 0431 7}A] PAHs EE°] &
A= &= Uloll A acenaphthened} chryseneTHe Al
droz BT & U0
Acenaphthene®}  chrysene> Z}Z}  phenanthrene ¥} ' . ' . ' .
pyrene, anthracene¥} fluorantheneol] 2]&te] &Fl-Ew} 200 300 400 500
ol AXNE AAY HolAW, IPYE 2ANEYS Wavelengint,,) fnm
°IA PIS  phenanthrene, pyrene, anthracene St Fig. 2. Synchronous fluorescence spectra of PAHSs (100
fluoranthene ] FFYEA71= LBAE ¢ gleB= ppb) at AN, 95 nm in acetonitrile. (a) fluorene, (b)
T2 PAHs &5 9t Welig HAsAZ 4 U anthracene, (c) fluoranthene, (d) chrysene, (e)
t} T3 perlyenee AN = 30 nmollA FF WEA9 naphthalene, (f) acenaphthene, (g) phenanthrene,
2He7l Satdon] AN = 30 nmolA A = 434 nm, (h) pyrene, (i) perylene, and (j) benzo[a]pyrene.
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— 1 @ (Imm)"] X}O]ETH ARAE A9e Ad= Fig 59
L Bk Table. 2= 7+ HEES AEFEAE] A% A
e 0 Aol 7 AREe] tF PRAe] AR g
A% 8 AN NS ek Rolck
W (e)
// W Table 2. Equation of PAHs calibration graphs by 2nd
%‘ A ) derivate synchronous spectofluorimetry
[ .
E ‘ © Compound Equation R Lmea;ptr)ange,
Acenaphthene  ISF=0.40c + 0.18 0.9999  0.8~150
(b) Anthracene  ISF=0.50c — 0.076 0.9996 0.4~ 141
Benzo[a]pyrene ISF=1.40c + 0.40 0.9998 0.7~32.8
- (a) Chrysene ISF=0.075c — 0.12 0.9996  0.6~115
Fluoranthene ~ ISF=1.43c + 1.10 0.9996 0.7~131
Perylene ISF=0.98c + 0.66 0.9993 0.8 ~166
2(|)0 ' S(IJO ' 4(|)0 ' 5(|)0 Phenanthrene ~ ISF=0.76¢ + 0.25 0.9999 0.5~109
Wavelength / nm
3.3. GC % SA| 2o Qs &AMz
Fig. 3. 2nd-Derivative fluorescence spectra of 7 PAHs (100 o B/
e o8 . (0 Dol (o 15y A8 AR T Pabs SsE 2 5
chrysene(A, 95nm), (¢) fluoranthene (AN, 200 nm), 1@ 7»'5” ¥t GCFIDW 0.2 A 243kl
(f) perylene (AA, 30 nm), and (g) phenanthrene (AX, H&Ef AlEe A9 F7EE VPM (BAL 800
70 nm). ccold}), VPC(&2FAL, 1,500 ccoldh), VPG (T3
1800 ccolAh), VTC (LPGE Taxi), VPR (RVEEH),
759 PAHs Ad25°] 22} 100 ppbe] FER EF recreation vehicle), VIB-D (city bus, diesel), VIB-L (city
Hol Q= RE8 T 4 AeSS LW pyg ING), VIG (Ston oI8} cargo), VIT Gton o]
AR A = SHAEAS 24 PIESH Fig. 3% ilen ) 9 713 (train) SO14 & 28709) A=
22 e S 4 & AN Fig 45 ANl 2 mage Sasgn. 239 Ae3s el 3
A EREY T A HREY = BE S A 5 PAHsS S GC-FIDE ZANSH A, 1]a EPAC)A
H AR Y AeEN FRrF SR, 3% ZH7e] o FAIE 1629 HRS ZoA 15
WEagel AZI7F Sreken, €4 4Ee s=7t xo] JREo] HEHoZ A=k GCFD W}
Wang5°9] GAoll ] AHE3 B4 F LEuhge) A HPEPHoz =Ae A8 29 PAHsS L 800
71 Asp)®] BAAE HEFTS AT F AATH ccoldke] Az} (VPM), 283} (VPC), £8 3} (VPG), Al
Y2 (VIB), t¥ Ed I (VIT) ¢ 5803} EF
Isr = ked Eax(MEr (Aex + AM) (VTG)A= 247} 59.51 nglg, 86.9~307.8 nglg, 1.0~
k : characteristic constant 147.8 ngfg, 13.7~ 38.1 ugg, 90.4~185.8 ug/g % 92.6
¢ : concentration of analytical component ngg 508 A
Eex : excitation function at the Aex Benzo(a)pyrene o] ke AGAECL 3 AAdA
Er : normal emission function ol FAu|o BHeTaolA 133 pgels 713
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(e)

Fig. 4. Synchronous fluorescence spectra of 7 PAHs(0~100 ppb) in acetonitrile. (a) anthracene(AA,
20nm), (b) acenaphthene(AA, 95nm), (c) benzo[a]pyrene(AA, 15nm), (d) chrysene(AA, 95nm),
(e) fluoranthene(AA, 200nm), (f) perylene(AA, 30nm), and (g).
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Fig. 5. Calibration curves of 7 PAHs by synchronous 2nd derivate spectrofluorimetry. (a)
acenaphthene, (b) anthracene, (c) benzo(a)pyrene, (d) fluoran thene, (e) perylene, (f)
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= AEEAeH, et *f‘éi}ﬁl FZfIAE 2
9~7.7 ng/g® WLl FHEAL, 1800 ccolde] &
=)

A4 T ]"Lo; Jo] = == RStz Se

LA M AEFA EUTh ‘3%3. %k-f] BaP7} &= benzo(b)fluoranthene, benzo(k) fluoranthene 2 indeno
202 gk RVAtEelt 5 tonolde] Ed Aol (1,23-cdpyrene°] L 7h=E ARE ARESHE
€ 1.0 pggolate] Mind e v AEFHL = H&@follre AEHA YA, A4S 9852 A}
g BfE 922 AHgshe AWM (VIB-D)SF LNG %6 s¥A, By B #HEN= FA gl
g 9RZ AESRE AUz (VIBLAME 27 o, 7} BElel 98-S ¢+ ATk SRAIAE
6~1.8 ng/g 0.3~05 pg/gd] FEZA SAHEHAOH, benzoGa)ﬂuoranthene# A&E R ogror} —’ii}x}A b: |
INGES 9ERE AHgshs A2l Aa@3fold 879 dRIIA 1613~2149 pggd] FEE FH
BaP7} O W& ¥EE AEHUL, LPGE AR A} A3, 5 tonost EF ] HESFIAE 26.88 ug/gi/‘i
3 998 widldE 0~06 wygdl FERH  MuY e FEE FH5el 98 HUAT & AN
ING§ W29l fAH $708 AFHAG dwrde o T3 AR ARE ASsE AUz deas

Z LNGY LPGHE 7}2E dEz AL8slE 28 M= tFEE] Al5oA benzo(b)fluoranthene©] 13.5
Me iU A4S AHgehs AEERT e BE 8~31.69 nggd =R HEHUOH, VIB-D-3-28
o) Bap/} AEEg0H, oL a4 dHee] Azs VTB-D-49 4] benzo(k)fluoranthene®] Z+Zt 2.17 ug/g?t
BEEsl AxA7)e A4 A8 23 Ho 7pAE o 395 pggd T2 AZH T Indeno (1,2,3-c,d)pyrene
B2 AR Afoe dUREA FoE sty A < FEY] FA&ERolA AEHA FUAT, VIG-1
Fgol 9% F7I8H] fitel AthE o g Bape] WA o] A 8o Aut 308 pggd] FEE HAEHUG o)A

Zo] Yolx|= Aoz AlgHTh VIG-12tge] v atsdt Hlaste & FA 7t
Phenanthrene2 3|9t A8 A& H&gfolMe= 5,000 kmZ "¢ ZEA|WE 371 1996 d0)g e AL

AZHA FkoH, INGE A8EE A3k AlUH & aeoh, Ak 4] 2 #e Aol webk PAHs

AME B 37 ng/gTelE AEHNIL, IYE taxi WA o] deiAlE Aog Hridth

A= Hul 2380 pgglEA LNGE AlUH2Hcoh e AFY dolle &EFE wAZ F YA

2 FEE HAEHUY AHE I8 AMEShe RV 7} BWoldsE PAHsO o] =ghom, A9
2}k WL HA 15.66 ng/gllA Hi 71.56 ng/gdl = Aole AHe £879 $dAYE BA, ARE
1:-_

< FEE HEHT e “ZH #F&Hfroll A ALgSE AbEFo] LNGE AHEshe ARt #H&8
= Z% 65.17 pg/g 19.50 pg/g® 2 HAEFA of ¥3HE PAHsY| FaFo] oF 3ufollA 4MiAT o B
Acenaphthene S 355 }‘]’%C’]'T_‘ 2] Hag o] XFE YeS & F Utk FF EFH 9
& A8 6% FoA VPC-3-13F VPC-3-2 259] AJg4 3 7% PAHs % &2 RV, EE, A, g4t
AT 5436 ugleT 1677 pggd SEE AEHYoH, &2 ¢o2 A
IR ARE AHEERe Ahﬂﬂ%*sz} AUE taxidlME= A&2F Tl 0] Sl= PAHsS] TES A
AZHA I ARE AMgste 5382 (VPR) HEZ AR 279 AREAE e gt ;*J%H wnet
I EYIHVTDAME 24 22.87~5330 uggd ok = 2000 ccolY 58X (VPG)IA E PAHsY
11.10~38.93 pg/gdl ¥=2 HA=EHAUG #H&EH = gteo] B 57 ngkmZ 7P B iCi A EI T}
o] PAHs B4 A3 Table 39 A3 vle} 2dch s AHE S 5 »l‘”oﬂfl LPG—E— ASZ AME3hE Al
IARCOIA 2A 2502 BF3L de FEe AA W2z A9 1—t— H& ol FHEA e F
WohEA 2 7FASIa = benz(a)anthracene> 582} PAHs?| s/} H 55 ng/gO]X] 1t 415.4 ng/km
e oiFE 74%?4%1 BRO, VPC-3-10 4w 24 LNGE A}%é}% ARG g ALgete S8
1029 pgg® FE2 AZHJ AFE AHESE A o] ¢rth 15uy Be o] M E S & F U
W2, 3, S 2 Gt g8E8f AlRdA E} o] AL AUH2E A& gYAld] AME3he &
v AEHA oA, EddyY A&ZoMe frol dRTh eulyt B %S ALEE T 9o, B
4229~83.17 ug/gEA THE ABEHT} HlEH H& FAE o]F3tHA At Edo] HHEAH o Z o] ol
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AREBHE AR 2o E LNGS ARE8he AlUH| 29
& PAHs7} HAES o, QY EY

H|3ke] 2.549)

AN
)

23k 4 (PAHs) 9 #4 347

delo] HELFAME EFL7t 1 kmS FPste
ot 1,674 ngd] % PAHsAlEo] WhEm ZAn]
A AQstal 7 g o] T

Table 3. PAHs contents in some lubricating oils used by vehicles

(9 - el

Method
Sample

Spectrofluorimetry

GC/FID

Bap Anth Per Phen Ace Chry Ft

Naph

Sum
Acl Flu Pyr BkFt BbFt IP BPer BaA

VPM-2-1
VPC-3-1
VPC-3-5
VPG-2
VPG-3-2
VPR-2-1
VPR-2-2
VPR-2-3
VPR-4-1
VPR-4-2
VTC-1
VTC-2
VTC-3
VTC-4
VTG-1
VTT-1
VTT-3
VTT-4
heavy lorry
A A
VTB-L-2-1
VTB-L-2-2
VTB-L-3
VTB-1
VTB-2
VTB-3-1
VTB-3-2
VTB-4

3.1
7.7
5.0
ND
ND
7.7
0.5
Tr
0.2
0.8
0.6
0.2
Tr
ND
4.6
0.3
Tr
0.1
133
0.6
0.4
0.3
0.5
0.2
0.6
0.8
1.1

4.3
4.1
7.3
ND
1.0
ND
2.6
0.6
7.6
ND
ND
0.2
ND
1.8
9.5
0.8
1.1
1.1
8.5
23
1.7
1.4
0.7
82
0.6
0.7
7.4

1.8 14.8

0.6
0.7
0.7
ND
ND
0.4
Tr
0.1
0.9
ND
0.1
Tr
Tr
ND
0.5
ND
Tr
Tr
1.3
Tr

- & 8 8

Tr
Tr
ND
Tr

ND
ND
ND
ND
ND
162
71.6
344
27.1
15.7

8.0
23.8
2.0
20.6
15.7
326
ND
65.2
19.5
3.6
37
3.8

194

2.4
ND

ND
54.4
ND
ND
ND
ND
533
229
51.1
ND

ND
ND
ND
11.1
389
26.8
ND
ND
ND

ND

1.8
ND
ND
ND

3.1
ND
8.6
147
ND
6.1
12.3
9.5
7.3
14
0.6
0.1
1.2
ND
11.0
1.7
18.1
13.9
86.8

ND
0.1
ND
163
Tr
6.4
1.6
ND

3.8
18.5
33
0.8
ND
3.34
9.2
1.7
1.8
5.6
0.6
Tr
0.3
ND
18.0
04
4.4
2.1
0.2
0.3
0.1

03

0.7
2.6
1.8
1.5

345
326
324
ND
ND
196
ND
ND
1.7
ND
ND
ND
ND
ND
1.6
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

64 ND 37 ND ND ND ND ND 59.5
ND ND 381 ND ND ND ND 103 165.8
ND ND 295 ND ND ND ND ND 86.8
ND ND ND ND ND ND ND ND 147.8
ND ND ND ND ND ND ND ND 1.0

ND ND ND ND ND ND ND ND 35.7
ND ND 274 215 ND ND ND ND 198.4
ND ND 17 ND ND ND ND ND 70.9
ND 10 73 161 ND ND ND ND 1222
ND 14 108 ND ND ND ND ND 357
ND ND ND ND 16 ND ND ND 35
ND ND 04 ND ND ND ND ND 89
ND ND 03 ND ND ND ND ND 25.6
ND ND ND ND ND ND ND ND 3.8
20 1.7 199 ND 268 31 ND ND 1193
ND ND 1.6 ND ND ND ND 461 71.6
ND ND 50 24 ND ND ND 832 185.8
ND ND 41 ND ND ND ND 423 90.4
ND ND 30 ND ND ND ND ND 178.3
ND ND 16 ND ND ND ND ND 244
ND ND ND ND ND ND ND ND 5.8
ND ND ND ND ND ND ND ND 5.5
ND ND ND ND ND ND ND ND 53
ND ND ND ND 234 ND ND ND 49.5
ND ND 119 ND ND ND ND ND 35.0
ND ND 32 ND 136 ND ND ND 273
ND ND 103 22 186 ND ND ND 45.6
ND ND 64 40 317 ND ND ND 60.4

* ND : not detected

** Tr : 0.1 ng/golﬁ}
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£ A7olX= GCFIDHH 54 9% 2308 &
33 (synchronous fluorescence 2nd derivative spectroph-
otometry)S ©]&3le] HETF FT9 PAHs9 EA4S
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Z9tth. =, anthracene, benzo(a)pyrene,

ofd

Oﬂ, ox [‘—[]I

perylene, phenanthrene 2 fluoranthene 52 & ANE
Z+7} 20 nm, 15 nm, 30 nm, 70 nm 2 200 nmZA] <1
3191.2.™, acenaphthene@} chrysenes 95 nmol|A FA|
gEREA ol 7hs ekt

A FREgHeE AdE AFAY s
oS3 Z9kth BaPE 0.80~105 ppb, Anth 043~
141 ppbo] 2.1, Per2 0.80~105 ppb, Phen 0.60~
115 ppb, Ace= 0.70~131 ppb, Chry= 0.80~166 ppb,
Ft= 0.50~109 ppbe] FE=WSolA EF 0.999910 4
0.99850)/<] AW 3AAFE BT
GC/FIDE o|&3t #4438 Ace, Acl, FI, Phen, Anth
2 Ft 52 0.1~091 ngdHolA 09970139 £
HAFE B4 £ 2o, Naph, BaA, BbFt, Pyr
9 BaP 52 0.1~045 ng?] HSolA 0978019 4
FAFE Hola AT

A FFEAHI GOFDE ol83sty H&E
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