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Abstract : Determination of some PAHs in used engine oils have been catried out by extraction of the
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.
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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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Table 1. Relation between excitation and emission
wavelengths of 7 PAHs

Wavelength, Wavelength,

Components nm Components nm
Aex Af Aex M
Acenaphthene 227 322 Fluoranthene 287 487
Anthracene 356 376 Perylene 434 464

Benzo[a]pyrene 387 402 Phenanthrene 292 362
Chrysene 267 362

Intensity / a.u.

T T T T T T
200 300 400 500
Wavelength(a,,) / nm

Fig. 2. Synchronous fluorescence spectra of PAHs (100
ppb) at AN, 95 nm in acetonitrile. (a) fluorene, (b)
anthracene, (c) fluoranthene, (d) chrysene, (e)
naphthalene, (f) acenaphthene, (g) phenanthrene,
(h) pyrene, (i) perylene, and (j) benzo[a]pyrene.
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Fig. 3. 2nd-Derivative fluorescence spectra of 7 PAHs (100
ppb). (@) anthracene (AA, 20 nm), (b) acenaphthylene
(AN, 95 nm), (c) benzo[a]pyrene (AN, 15 nm), (d)
chrysene(AA, 95nm), (e) fluoranthene (AA, 200 nm),
(f) perylene (AA, 30 nm), and (g) phenanthrene (AA,
70 nm).
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Table 2. Equation of PAHs calibration graphs by 2nd
derivate synchronous spectofluorimetry

Linear range,

Compound Equation R

ppb

Acenaphthene  ISF=0.40c + 0.18 0.9999  0.8~150
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
Chrysene ISF=0.075¢ — 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
Phenanthrene ~ ISF=0.76c + 0.25 0.9999  0.5~109
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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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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
238
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 16 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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0.99850)/¢] A 3AAFE BTk
GC/FIDE ©]&3td £43 Ace, Acl, FI, Phen, Anth
2 Ft 52 0.1~091 ngd9olA 0997039 £
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