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Standard Calibration Curves for Selected PAHs

The Polynuclear Aromatic Hydrocarbons Mixture for EPA 610
was used for preparing the standard calibration curve. Figure A1-A7
represent the standard curve of naphthalene, acenaphthylene, fluorene,
phenanthrene, anthracene, ﬂuoranthene, pyrene, respectively, ihéluding

their linear equations.
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Figure A1 Calibration Curve of Naphthalene
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Figure A2 Calibration Curve of Acenaphthylene
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Figure A3 Calibration Curve of Fluorene
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Figure A4 Calibration Curve of Phenanthrene
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Figure A5 Calibration Curve of Anthracene
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Figure A6 Calibration Curve of Fluoranthene
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Figure A7 Calibration Curve of Pyrene
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Performance of Vacuum Pump

The vacuum pump used in this research was vacuum rotary vane
pump, Gast model 0523-V103-G21DX. The performance curve of this
pump, obtained from manufacturer specification, is shown in Figure
BI.

//

Capacity (Free Air Flow) - m*hr

3
\
2 ~
1
0
0 100 200 300 400 500 600 700

Vacuum - mbar

Figure B1 Performance Curve of Vacuum Pump

The linear equation of this curve is -
F=(~697x10"x P)+6.49

where F = Flow rate of exhaust (m3/hr)

P = Pump pressure (mbar)
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Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
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Figure C1 Gas Chromatogram of Standard PAHs Mixture according to EPA 610

L9



Compound Name: NAPHTHALENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Synonym: Albocarbon

Forward Fit : 919, Reverse Fit : 933

Molecular Weight: 128 4PPM-M 128 (4.611)
4.12e6

100

%
308

207 228 263 267 296

0
R:933 NIST 5167: NAPHTHALENE

128

100 A
% ‘ 127 [129

28 509‘1 6:1 7577 102

0 wl o dt o 1l
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPABG10
Hit Compound Name Formula MW, for REV  Librar Entry CAS
1 1H-INDENE, 1-METHYLENE- C10H8 128 918 956 NIST 5168 2471-84-3
2 NAPHTHALENE C10H2 91-20-3
3 AZULENE C10H8 128 880 884 NIST 5166 275-51-4
4 CYCLOPROP A INDENE, 6-BROMO-1,1A,6 6A- TETRAHYDRO- C10H9Br 208 696 704 NIST 24774 55780-41-1
5 1H-INDENE, 1-METHYL- C10H10 130 473 4768 NIST 5574 767-59-.9

319

Hit 2

m/z

Figure C2 Mass Spectrum of Standard Naphthalene and its NIST Library Searching Result
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Compound Name: ACENAPHTHYLENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Synonym: Cyclopenta[de]naphthalene
Molecular Weight: 152 4PPM-M 438 (6.689)

Forward Fit : 828, Reverse Fit : 833

5.83e6
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%

516283 76 87 9899 207 226 238 _242 265 277 301,303 _317

0
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Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 810

Hit Compound Name Formula
ACENAPHTHYLENE

M.V, for REV Librar  Entry CAS
208-95-2

C12H8 152 739 746 NIST 10447 259-79-0

1

2 BIPHENYLENE

3 1H-PHENALEN-1-ONE C13H80 180 653 660 NIST 17920 548-39-0
4 BENZO C CINNOLINE C12H8N2 180 543 555 NIST 17854 230-17-1
5 ACENAPHTHENE C12H10 154 483 497 NIST 110906 83-32.9

Figure C3 Mass Spectrum of Standard Acenaphthylene and its NIST Library Searching Result
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Compound Name: ACENAPHTHENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Synonym: Acenaphthylene, 1,2-dihydro-
Molecular Weight: 154 4PPM-M 488 (7.026)

Forward Fit : 947, Reverse Fit : 948

153 2.98e6
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E 151 J| 155

5051 63 7877 g8 _102 126 109177 200208 239 253265 283 305 _311
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Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 510

Hit  Compound Name Formula M., for REV Librar

1 ACENAPHTHENE C12H10 5 243 HIST 11096

2 NAPHTHALENE, 2-ETHENYL- C12H10 154 901 203 NIST 11097

3 1.4ETHENONAPHTHALENE, 1,4-DIHYDRO- C12H10 154 870 894 NIST 11095 7322-47-8
4 BIPHENYL C12H10 154 845 852 NIST 11004 92.52-4

5 NAPHTHALENE, 1.8-BIS(BROMOMETHYL) C12H10Br2 312 534 555 NIST 44410 2025-95-8

Figure C4 Mass Spectrum of Standard Acenaphthene and its NIST Library Searching Result
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Compound Name: FLUORENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Synonym: 9H-Fluorene
Molecular Weight: 166 "~ 4PPM-M 657 (8.158)

Forward Fit : 882, Reverse Fit : 889

165 7.00e5

100

163 ll167
i 207 228 245 261 281 302 315317

R:889  NIST 14181: FLUORENE
100

%

m/z

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPAB10

Hit Compound Name Formula M.W.  for REV  Librar Entry CAS

1 FLUORENE C13H10 S8 NIST 26-73-7

2 OH-FLUORENE-9-CARBOXYLIC ACID C14H1002 210 797 888 NIST 25424 1989-33-9
3 1H-PHENALENE C13H10 166 852 877 NIST 14180 203-80-5

4 FLUORENE-9-METHANOL C14H120 196 730 772 NIST 21953 24324-17-2
5 2-FLUORENECARBOXALDEHYDE C14H100 194 720 728 NIST 21400 30084-90-3

Figure C5 Mass Spectrum of Standard Fluorene and its NIST Library Searching Result
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Compound Name: PHENANTHRENE
Synonym: Phenanthren
Molecular Weight: 178

Data File: 4PPM-M

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

4PPM-M 1081 (10.994)

Forward Fit : 824, Reverse Fit : 837
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%
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Sample ID: Polynuclear Arom atic Hydrocarbons Mixture from EPA 610

220 240 260

280 300 320

Hit  Compound Name Formula M.W.  for REV Librar  Entry CAS

1 9H-FLUORENE, 9-METHYLENE- C14H10 178 877 942 NIST 17389 4425-82-5
2 ANTHRACENE C14H10 178 916 921 NIST 17368 120-12-7
3 DIPHENYLETHYNE C14H10 178 844 847 NIST 17370 501-65-5

PHENANTHRENE

5 5H-DIBENZO A,D CYCLOHEP TEN-5-ONE

C14H10

C15H100 208 708 709 NIST 24438

2222-33-5

Figure C6 Mass Spectrum of Standard Phenanthrene and its NIST Library Searching Result
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Compound Name: ANTHRACENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Synonym: Anthracin

Forward Fit : 878, Reverse Fit : 925

Molecular Weight: 178 4PPM-M 1105 (11.155)
- 3.57e5
100
% 178 |47g o
o] s1.83.75 76 8965 99 126 150452 207.209.223 239 27 23 295 300 316
R:925  NIST 17368: ANTHRACENE
178 Hit 2
100
% 176 |179

76 89 151
1163}75\|. Al 9%99"" !3-6 su il ]l | A

PRI M Ll M M i L b Ly L o s T
140 160 180 200 220 240 260 280 300 320

40 60 80 100 120

Data File: 4PPM-M

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 810

Hit  Compound Name Formula MW, for REV Librar  Entry CAS

1 SH-FLUORENE, 9-METHYLENE- C14H10 178 878 941 NIST 17369 4425-82-5
2 ANTHRACENE C14H10 78 919 925 NIST 17263 120-12.7
3 DIPHENYLETHYNE C14H10 178 841 845 NIST 17370 501-65-5
49 PHENANTHRENE C14H10 178 828 840 NIST 17367 85-01-8

5 SH-DIBENZO A,D CYCLOHEPTEN-5-0ONE C15H100 206 702 708 NIST 24438 2222.33-5

Figure C7 Mass Spectrum of Standard Anthracene and its NIST Library Searching Result
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Compound Name: FLUORANTHENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Synonym: Benzene, 1,2-(1,8-naphthalenediyl)-
Molecular Weight: 202 4PPM-M 1665 (14.898)

Forward Fit : 859, Reverse Fit : 875

202 1.04e6

100

@ %
() .
R:875

100

200
a 217 246 259

237 281 286 319

51_63_75.87.88 101 122_126 150 174

NIST 23467: FLUORANTHENE
202 Hit 2

% 200 |203

2 5063759788 11 0 122 150 174

m/z

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Hit  Compound Name Formula M.W.  for REV  Librar Entry CAS

1 PYRENE C16H10 202 870 887 NIST 23469 128-00-0

FLUORANTHENE CAGH10

3 BENZENE, 1,1"-(1,3-BUTADIYNE-1,4-DIYL)BIS- C16H10 202 840 844 NIST 23468 886-66-8
49 7H-BENZ DE ANTHRACEN-7-ONE C17H100 230 537 541 NIST 30040 82-05-3

5 1-PYRENE-CARBOXALDEHYDE C17H100 230 426 431 NIST 30041 3029-19-4

Figure C8 Mass Spectrum of Standard Fluoranthene and its NIST Library Searching Result
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Compound Name: PYRENE
Synonym: a-Pyrene
Molecular Weight: 202

Data File: 4PPM-M

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Forward Fit : 871, Reverse Fit : 886

4PPM-M 1762 (15.546)
202 4.01e5

100

203
223 240 258 271

281 229 308_311

122125 150 174

R:886 NIST 23469: PYRENE
Hit 1
202
100

% 101 200 |203

63 74
88 :
SR/ T8¢ 190852 175

o8 99 % N
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

m/z

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Hit Compound Name

PYRENE
FLUORANTHENE

7H-BENZ DE ANTHRACEN-7-ONE
1-PYRENE-CARBOXALDEHYDE

bW NE

BENZENE, 1,1'-(1,3-BUTADIYNE-1.4-DIYL)BIS-

Formula M.W. for REV Librar Entry CAS
C16H10 123-00-0
C16H10 202 843 861 NIST 23467 206-44-0
C16H10 202 805 810 NIST 23468 886-66-8
C17H100 230 527 531 NIST 30040 82-05-3
C17H100 230 429 433 NIST 30041 3029-19-4

Figure C9 Mass Spectrum of Standard Pyrene and its NIST Library Searching Result
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Compound Name: BENZ A ANTHRACENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Synonym: Benzanthracene Forward Fit : 879, Reverse Fit : 895

Molecular Weight: 228 4PPM-M 2596 (21.117)
228 1.15e5

100

% 229

244 255 281 288 303 318

134 150 174,176 200,202

R:895 NIST 29697: BENZ A ANTHRACENE

100 298 Hit 1
% b 228 (229
101 122
25,32 63758788 101 " 2 150 174176 200 208 i

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPAG10

Hit Compound Name Formula M.W.  for REV  Librar Entry CAS

1 BENZ A ANTHRACENE 29597 &i5-55-3
2 NAPHTHACENE C18H12 228 854 872 NIST 29693 92-24-0
3 CHRYSENE C18H12 228 816 863 NIST 29696 218-01-9
4 TRIPHENYLENE C18H12 228 808 832 NIST 20698 217-59-4
5 BENZO C PHENANTHRENE C18H12 228 772 791 NIST 20694 195-19-7

Figure C10 Mass Spectrum of Standard Benz(a)anthracene and its NIST Library Searching Result
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Compound Name: CHRYSENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Synonym: Benzo[a]phenanthrene
Molecular Weight: 228 4PPM-M 2610 (21.210)
278 1.41e5

Forward Fit : 849, Reverse Fit : 868

100
229

A4 265 281_286 310 316

198 200 224

R:868 NIST 29696: CHRYSENE
Hit 2

228

100

% gg 101 226 229

113 F o
39 50 63 74 N ) 115 150 174176 217y :l /

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

m/z

Data File: 4PPM-M

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPAG10

Hit Compound Name Formula MW, for REV Librar Entry CAS

1 BENZ A ANTHRACENE C18H12 228 882 896 NIST 29697 56-55-3

2 CHRYSENE C18H12 228 20636

3 NAPHTHACENE C18H12 228 849 868 NIST 20693 82-24-0
4 TRIPHENYLENE C18H12 228 803 826 NIST 296898 217-59-4
5 BENZO C PHENANTHRENE C18H12 228 782 797 NIST 20894 195-19-7

Figure C11 Mass Spectrum of Standard Chrycene and its NIST Library Searching Result
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Compound Name: BENZ E ACEPHENANTHRYLENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Synonym: Benzo[b]fluoranthene Forward Fit : 886, Reverse Fit : 913

Molecular Weight: 252 4PPM-M 3187 (25.063)

252 1.02e5

100

253

. 207 224 248
0
@ R:913 NIST 34432: BENZ E ACEPHENANTHRYLENE
' Hit 2
100 e
% 250 [253

200 217
74 84 NNz ]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

126
113
10 W 174

m/z

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Hit  Compound Name Formula MW,  for REV Librar  Entry CAS

1 BENZO J FLUORANTHENE C20H12 252 901 925 NIST 34435 205-82-3
2 BENZ E ACEPHENANTHRYLENE C20H12 252 836 913 NIST 34432 205.99.2
3 BENZO K FLUORANTHENE C20H12 252 868 204 NIST 34434 207-08-9
49 PERYLENE C20H12 252 871 801 NIST 34430 198-55-0
5 BENZO E PYRENE C20H12 252 872 834 NIST 34433 192.97.2

Figure C12 Mass Spectrum of Standard Benzo(b)fluoranthene and its NIST Library Searching Result
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Compound Name: BENZO K FLUORANTHENE
Synonym: Dibenzolb,jk]fluorene
Molecular Weight: 252

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Forward Fit : 880, Reverse Fit : 915

4PPM-M 3201 (25.157)
7.07e4

252
100

% 250 (553

187200 507 204

126
3 J13 S 0 281,283 311_315

7483. 87 11

R:915 NIST 34434: BENZO K FLUORANTHENE
Hit 3
100 252

250 [253

113 126
74 7 1 LP 198 222 224

m/z

PERYLENE

0 [}
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Hit  Compound Name Formula M.W.  for REV  Librar Entry CAS
1 BENZO J FLUORANTHENE C20H12 252 898 934 NIST 34435 205-82-3
2 BENZ E ACEPHENANTHRYLENE C20H12 252 881 922 NIST 34432 205-99-2

BENZO K FLUORANTHENE C20H12 NIST 207029
4 BENZO E PYRENE C20H12 a2 880 913 NIST 34433 192.97.2
<) C20H12 252 871 913 NIST 34430 198-55-0

Figure C13 Mass Spectrum of Standard Benzo(k)fluoranthene and its NIST Library Searching Result
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Compound Name: BENZO A PYRENE Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Synonym: Benz[a]pyrene Forward Fit : 740, Reverse Fit : 759

Molecular Weight: 252 4PPM-M 3341 (26.091) Cm (3337:3345-(3322:3336+3417:3458))
1.20e4

100

%
309

285 302 318

0

R:759 NIST 34431: BENZO A PYRENE
. 252 Hit 6
% 77 126 250 [253
113 226 228 \]
0 56 §l7 } 18?11 "1.91" Vil |l| ' 11;9 198 .%OIP mjl il m/z

80 . 160 180 200 220 240 280 280 300 320

40 60

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Hit  Compound Name Formula M.W.  for REV Librar  Entry CAS

1 BENZO J FLUORANTHENE C20H12 252 912 933 NIST 34435 205-82-3
2 BENZ E ACEPHENANTHRYLENE C20H12 252 890 917 NIST 34432 205-99-2
3 BENZO K FLUDRANTHENE C20H12 252 885 913 NIST 34434 207-08-9
4 PERYLENE C20H12 252 884 912 NIST 34430 188-55.0
5 BENZO E PYRENE C20H12 252 880 901 NIST 34433 192-97.2

BENZO A PYRENE
1H-INDENE, 1,1'-(1 .2-ETHANEDIYLIDENE)BIS- C20H14 254 603 676 NIST 34834 72088-04-1
BENZO A PYRENE, 4,5-DIHYDRO- C20H14 254 609 637 NIST 34832 57652-66-1

Figure C14 Mass Spectrum of Standard Benzo(a)pyrene and its NIST Library Searching Result
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Compound Name: INDENO 1,2,3-CD PYRENE
Synonym: o-Phenylenepyrene
Molecular Weight: 276

o

Data File: 4PPM-M

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Forward Fit : 390, Reverse Fit : 832

4PPM-M 3810 (29.222)
6.64e3

207

100

% 281

73 8196 o7 1383137 139 177 191

5385

R:832  NIST 38896: INDENO 1,2,3-CD PYRENE
Hit 1
100 276
% 138 274 277
28 136
=2 ANEA- B 24 243 Y "

nulnulnulnuln|I||ulluuluuluulullluulnnlul

180 200 220 240 260 280 300 320

20 40 60 80 100 120 140 160

Hit  Compound Name
INDENO 1,2,3-CD PYRENE
BENZO GHI PERYLENE
1,12-BENZPERYLENE

D w N

DIBENZO DEF,MND CHRYSENE

3.3-DIETHOXY-1,1,1,5,5,5-HEXAME THYLTRISILOXANE

Formula MW,  for REV Librar Entry CAS

C22H12 276 286 832 NIST 193-22-5
C22H12 276 300 818 NIST 38304 191-24-2
C22H12 276 280 761 NIST 38893 0-00-0
C10H2804Si3 296 390 697 NIST 41981 0-00-0
C22H12 278 255 663 NIST 38895 191-26-4

Figure C15 Mass Spectrum of Standard Indeno(1,2,3-cd)pyrene and its NIST Library Searching Result
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Synonym:

Compound Name: BENZO A NAPHTHACENE

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Forward Fit : 486, Reverse Fit : 862

Molecular Weight: 278 4PPM-M 3823 (29.309)
6.54e3

100 & o 278

281

%

113 138
52 5599 73 919 183 3° 140 179 168 191 226 251 267 303 318

0
@@ R:862 NIST 39240: BENZO A NAPHTHACENE
278 Hit 1

% o 276 [279
125437
l'lll lllll lllll lIllI lllll II'II 'llll llllll Illlllllll Illl'lllll'llll Illll'llll lllllllllllllll Il'lllllll l'lllllllllllllll’

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

m/z

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

Formula MW, for REV Librar Entry CAS
C22H14 278 371 862 NIST 39240 226-88-0
C22H14 278 369 852 NIST 29242 2294419
C22H14 278 421 741 NIST 39237 0-00-0
C22H14 278 426 724 NIST 39241 214-17.5
278 344 682 NIST 39243 53-70-3

Hit Compound Name

1 BENZO A NAPHTHACENE
DIBENZ A.J ANTHRACENE
1.2:7 8-DIBENZPHENANTHRENE
BENZO B CHRYSENE
DIBENZ A,H ANTHRACENE C22H14

bW

Figure C16 Mass Spectrum of Standard Dibenzo(a, #)anthracene and its NIST Library Searching Result
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Compound Name: BENZO GHI PERYLENE

Synonym: Benzo-1,12-perylene

Molecular Weight: 276 4PPM-M 3862 (29.569)
1.21e4

@®

Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610
Forward Fit : 466, Reverse Fit : 820

100

@@ 0] 53.58.56 73 84 96
@ R:820  NIST 38894: BENZO GHI PERYLENE
Hit 2
100 276

% 138 274 277
136 l

91111 324 574|139 198200 =~ 248252 =

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

m/z

Data File: 4PPM-M
Sample ID: Polynuclear Aromatic Hydrocarbons Mixture from EPA 610

CAS
193-38-5

Formula M.W. for REV Librar
C22H12

Hit Compound Name

i) INDENO 1.2,3-CD PYRENE
2 BENZO GHI PERYLENE
3 1,12-BENZPERYLENE C22H12

4 DIBENZO DEF,MNO CHRYSENE C22H12 276 385 651 NIST
5 1,2:7 8-DIBENZPHENANTHRENE C22H14 278 355 562 NIST

0-00-0
191.26-4
0-00-0

Figure C17 Mass Spectrum of Standard Benzo(ghi)perylene and its NIST Library Searching Result
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APPENDIX D

The Study of PAHs in Material used for Sampling and the Recovery
and Repeatibility of the Analytical Method



85

Contaminants of PAHs from materials for sampling the
exhaust emission, repeatability, and recovery of an analytical method were

studied. The results are shown in Table D1-D3 [27].

Table D1 PAHs in Blank Glass Microfiber Filter (GF)
and Blank Polyurethane Foams (PUF)

PAHs Blank GF | Blank PUF
(ng/ml) (ng/ml)
Naphthalene 0.00 1.16
Methylnaphthalene 0.00 1.18
Dimethylnaphthalene 0.00 1.50
Acenaphthene 0.00 1.07

Table D2 Repeatability of the Analytical Method

PAHs Repeatability (ug/ml) SD
1 2 3
Naphthalene 15.47 14.44 15.63 0.645

Methylnaphthalene 19.30 | 14.67 19.17 2.636

Dimethylnaphthalene*| 14.86 12.89 14.31 1.016
Acenaphthene 11.08 11.25 10.35 0.478
Phenanthrene 1.06 1.06 1.07 0.005

Methylphenanthrene 3.08 3,17 2.97 0.100
Fluoranthene 0.35 0.37 033 0.175

Pyrene 1.66 1.63 1.65 0.015




Table D3 Recovery of the Extraction Method

86

PAHs First Extraction | Second extraction %
(ng/ml) (ng/ml) Recovery
Naphthalene 15.47 2.88 81.38
Methylnaphthalene 19.30 0.57 97.04
Dimethylnaphthalene 14.86 1.34 90.98
Acenaphthene 11.08 0.00 100.00
Phenanthrene 1.06 0.00 100.00
Methylphenanthrene 3.08 0.00 100.00
Fluoranthene 0.35 0.00 100.00
Pyrene 1.66 0.00 100.00

From Table D1-D3, it can be seen that some low molecular

weight PAHs contaminate the polyurethane foams. Repeatibility of the

analytical method indicates a good precision. High molecular weight PAHs

have better precision than the low ones because the latter can easily be lost

during sampling, extraction, and storage. The recovery of high molecular

weight PAHs by extradtion was better than that of the low molecular weight

PAHs.




APPENDIX E

Total Ion Chromatogram of Gasoline Exhaust Emission and
Ion Chromatogram, Mass Spectra, and Computerized Searching Results

of Selected PAHs in Gasoline Engine Exhaust



Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(1st)
FOOD10A1 Sb (5,33.33 )

Scan El+
100 4525 7401 _8.482 TiC
2.58e5
Area
10.026
6.957
\
5.418 10.253 25.405
5.568

bl

22.000

AT

18.000

PO, w—

20.000

4.000 6.000 8.000 10.000 12.000

24.000

30.000

16.000 26.000 28.000

Figure E1 Total Jon Chromatogram of Gasoline Test Engine Exhaust Emission
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Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(1st)

FOOD10A1 Sb (5,33.33 ) Scan El+
s Tie
1.51e6

i Area

4.105 4.298

0 ll'lllllllllllllllllllll'llll IllI[llIl IllllllIllllllllllllllllllﬁrt
4.000 4.250 4.500 4.750 5.000 5.250
(2)
Sample ID: PAHSs in exhaust emission from gasoline base fuel at 1,000 rom(1st)
FOOD10A1 Scan El+
4.525 128
18t 3.65e4
1 Area
% —
0- rt
4.000 4.250 4.500 4.750 5.000 5.250
(b)

Figure E2 (a) Total Ion Chromatogram of Naphthalene Fraction
| (b) Selected Ion Chromatogram of Naphthalene at m/z = 128
(c) Mass Spectrum of Naphthalene Fraction and its NIST
Library Searching Result



Compound Name: NAPHTHALENE
Synonym: Albocarbon
Molecular Weight: 128

Data File: FOOD10A1

Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(1st)
Forward Fit : 562, Reverse Fit : 690

FOOD10A1 89 (4.525) Cm (89-(89:90+88:89))
128

4.00e3
100

%

298 305 317

0
R:690  NIST 5167: NAPHTHALENE
Hit 3
100 i
% st £ op 12 [120
2-18. .Eo.\.ll al, lef?zn shab ) -} /
lllI'lIIIIIIl|IlllllIIIIIIIIIIIIIIIIIIIIllll||lIIIIIll'IIIlI'IIIIIll['llllllllll"lllIllllllllll'l'll mz

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(1st)

Hit Compound Name Formula MW, for REV  Librar Entry CAS
1H-INDENE, 1-METHYLENE- C10H8 128 562 823 NIST 5168 2471-84-3
C10HS8 128 652 805 NIST 5169 88090-34-0

1
z
<] NAPHTHALENE
4
-]

4.2.2 PROPELLA-2,4,7,9-TETRAENE

BENZENE, 1-ETHENYL-3-METHOXY-
2H-THIETE, 2-METHYLENE-4-PHENYL-, 1,1-DIOXIDE

C10H3 128 532 G20 NIST 5167 91-20-2
COH100 134 415 630 NIST 6157 626-20-0
C10H802S 192 445 622 NIST 20649 16793-43-4

Figure E2 (continued)

(c)
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Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rem(1st)
FOOD10A1 Scan El+
6.374 TIC
100 —
2 6.41e4
i Area
] 6.551
%_
| 6.838
| 6.648
0 llll‘llIllIIlIII'llllllllllllllllIllllllllllllllllllIlllllllllllllllllllllll n
6.200 6.300 6.400 6.500  6.600 6.700 6.800  6.900

(a)
Sample ID: PAHSs in exhaust emission from gasoline base fuel at 1,000 rpm(1st)
FOOD10A1 Scan El+
6.560 152
) 3.45e3
i Area
% —
T 6.366 6.418
i 6.251 N\
O—IIIIIIIlllllllIIllllIlIlllllflllllllllllllllllllllllllllllllllll[llll L) n
6.200 6.300  6.400 6.500 6.600 6.700 6.800  6.900
(b)
Figure E3 (a) Total lon Chromatogram of Acenaphthylene Fraction
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(b) Selected Ion Chromatogram of Acenaphthylene at m/z = 152

(c) Mass Spectrum of Acenaphthylene Fraction and its NIST
Library Searching Result



Compound Name: ACENAPHTHYLENE
Synonym: Cyclopenta[de]naphthalene
Molecular Weight: 152

Data File: FOOD10A1

Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(1st)

NIST 10446: ACENAPHTHYLENE

76
63
39031 °F 1

FOOD10A1 320 (6.586) Cm (320:322-(322:325+306:313))
152

140

185 198

Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(1st)

230

Forward Fit : 354, Reverse Fit : 530

975

289

264 301 _306

180 200

152 Hit 6
151 153
ol ’
||IIlll'llll'lll'lllllllllllllllll|'IIIll'llllll.ll'l'llllllllll'llIIlII'lIlI'IIIIl_m_r[' m Z

220 240 260 280 300 320

Hit Compound Name

for

Librar

Entry

CAS

BIPHENYLENE

1

2 PROPANAL, 3-(METHYLTHIO), (2.4-DINITROPHENYL)HYDRA
3 4-CHLOROBUTEN-3-YNE

4 1.2,.3-BUTATRIENE, 1-CHLORO-
5 1-BUTEN-3-YNE, 1-CHLORO-, (E}
3 ACENAPHTHYLENE

650
205
175
169
164

NIST
NIST
NIST
NIST
NIST

10447
40035
649
648
651

259-79-0
7372-40.8
40589-38-6
20658-21-3
20374-91-8

203-96-5

Figure E3 (continued)
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Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpem(2nd)

FOOD10B1 Scan El+
8.472 TIC
00 —
i 6.37e5
i Area

0 rt
L) l | G T RE LI BN B ) LI LN B | LI B e | LI B i § I LINL I e | I LA B l LI B B g I LI
7.600 7.800 8.000 8.200 8.400
(a)
Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)
FOOD10B1 Scan El+
8.017 166
B 1.02e4
1 Area
%_..
g 8.480
| 7.794 8.155 8.303
- L} I LI N B | I LI B | I L) I LEBLNL B I LI B B ) I LENL I B J l | 5 SRR S | I LN B B I T l L o il rt
7.600 7.800 8.000 8.200 8.400
(b)

Figure E4 (a) Total Ion Chromatogram of Fluorene Fraction

(b) Selected Ion Chromatogram of Fluorene at m/s = 166
(c) Mass Spectrum of Fluorene Fraction and its NIST
Library Searching Result
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Compound Name: FLUORENE Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)

Synonym: 9H-Fluorene

Forward Fit : 502, Reverse Fit: 719

Molecular Weight: 166 FOOD10B1 501 (8.017)
166 1.02e4
100 32 29
90 63
L 74 87 g9 115 439 164|167 "
0 188 205209 243 - 299 317.319
R:719 NIST 14181: FLUORENE
166 Hit 5

100

%

8283 139 163‘167
30 6283 Ly LANGAIS! | 139 N

m/z

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Data File: FOOD10B1
Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)
Hit Compound Name Formula MW, for REV  Librar Entry CAS
1 11H-DIBENZO C,F 1,2 DIAZEPINE C413H10N2 194 805 838 NIST 21360 256-91-7
2 1H-PHENALENE C13H10 166 502 751 NIST 14180 203-80-5
3 9,10-ANTHRACENEDIONE, 2-METHYL- C15H1002 222 458 734 NIST 28174 84-54-8
& BENZENE, 1,1-(DIAZOMETHYLENE)BIS- C13H10N2 194 445 719 NIST 21363 883-40-9

C13H10 166 532 719 NIST 14181 86-73-7

C15H1002 222 465 714 NIST 28178 954-07-4

FLUORENE
6 9,10-ANTHRACENEDIONE, 1-METHYL-

(c)

Figure E4 (continued)
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Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)

FOOD10B1 Scan El+
100 — 11.072 o Tic
1.83e5
| Area
| 11.303
- /

e

% —

0

O T L] T T T ' L} L] T T l 4 T L} T l' LA T L) L] L] T L) I L) L} L} L) I T L] T T e i rt
10.600 10.800 11.000 11.200
(2)

Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)
FOOD10B1 Scan El+
10.841 178

00

L 6.93¢3
1 Area

11.227 11.294
d

10.600 10.800 11.000 11.200

B e i | LN L DL AL AL I B BN BN B N AL B B lllllllllllrt

(b)

Figure E5 (a) Total Ion Chromatogram of Phenanthrene Fraction

(b) Selected Ion Chromatogram of Phenanthrene at m/z = 178
(c) Mass Spectrum of Phenanthrene Fraction and its NIST
Library Searching Result
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Compound Name: PHENANTHRENE Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)

Synonym: Phenanthren
Molecular Weight: 178 FOOD10B1 829 (10.841) Cm (828:830-(833:842+814:823))

Forward Fit : 541, Reverse Fit : 736

178 5.75e3

100

% 152 176 {479

3339 50 63 7476 87 o5 106150 195 210 255 271

230 243

294 311_315

0

R:736 NIST 17367: PHENANTHRENE
Hit 8
178
100
% 176 |179
32 456375 76 899 99 126150152 1(
o 1" “m l.m' |||ll 11 11 11 1 m/Z
l'l’llllllllllllllllllllllllllll"lllll'lll‘llll|I||llll'|||ll'l|llll'nﬂr

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data File: FOOD10B1
Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)

Hit  Compound Name Formula MUY for REV Librar  Entry CAS

1 9H-FLUORENE, 9-METHYLENE- C14H10 178 598 899 NIST 17369 4425-82-5
2 DIPHENYLETHYNE C14H10 178 834 868 NIST 17370 501-85-5

3 1.2,45-BENZENETETRACARBONITRILE C10H2N4 178 430 810 NIST 17129 712-.74-3
< 4-HYDROXY-5-METHYL-3-PHENYL-.DELTA.(2)1,2.4-OXADIAZ COH1002N2 178 361 770 NIST 17115 16227-04-6
5 BIPHENYLENE C12H8 152 518 763 NIST 10447 258-79-0

6 ANTHRACENE C14H10 178 727 762 NIST 17368 120-12-7

7 CINNOLINE, 4-PHENYL- C14H10N2 208 667 750 NIST 24392 21874-08-6
2 PHENANTHRENE C14H10 173 654 736 NIST 17367 25-01-3

9 9,10-ETHANOANTHRACENE, 9,10-DIHYDRO- C168H14 206 503 714 NIST 24479 5675-84-9

Figure ES (continued)
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Sample ID: PAHSs in exhaust emission from gasoline base fuel at 1,000 rem(2nd)

FOOD10B1 Scan El+
100 — 11.072 L Tic
1.83e5
i Area
| 10.782
11.303
1 7

% —

0 T I T  : T L] L} L} L) L) I L] L] L] T 1 T L) T l L} | L) L) ! § L] L) Ll l L LI | T I‘I— rt
10.600 10.800 11.000 11.200
(2)
Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)
FO0D10B1 Scan El+
100 — 10.841 178

6.93e3
Area

11.227  11.294
/

O'I""l""l""""I""""l""lﬁ—rt
10.600 10.800 11.000 11.200

(b)
Figure E6 (a) Total Ion Chromatogram of Anthracene Fraction

(b) Selected Ion Chromatogram of Anthracene at m/z =178
(c) Mass Spectrum of Anthracene Fraction and its NIST
Library Searching Result
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Compound Name: ANTHRACENE Sample ID: PAHSs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)

Forward Fit : 578, Reverse Fit : 763

Synonym: Anthracin
Molecular Weight: 178 FOOD10B1 848 (11.005) Cm (846:848-(843:845+853:860))

2.59¢3

. 178

100
%

228 .232

R:763 NIST 17368: ANTHRACENE

100 18 e
% A 176 |179
6 161
oA, B SY54) pogee 12t .
llllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIII'IIIIIIIIIIIIIII'III[IIII'I!]IIIT‘IT'T

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

Data File: FOOD10B1

Sample ID: PAHs in exhaust emission from gasoline base fuel at 1,000 rpm(2nd)

Hit  Compound Name Formula MW, for REV  Librar Entry CAS

1 9H-FLUORENE, 9-METHYLENE- C14H10 178 511 907 NIST 17389 4425-82-5
2 DIPHENYLETHYNE C14H10 178 665 832 NIST 17370 501-65-5

£] ANTHRACENE C14H10 173 G603 763 NIST 17388 120-12-7

< 7.8-DIPHENYLBICYCLO 4.2.1 NONA-2,4,7-TRIENE C21H18 270 578 752 NIST 37880 54049-09-1
5 PHENANTHRENE C14H10 178 562 737 NIST 17387 85-01-8

(©)

Figure E6 (continued)
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Sample ID: PAHs in exhaust emission from gasoline base fuel at 3,000 rem(2nd)
FO0OD30B1 Sb (5,33.33 ) Scan El+
15.116 TIC
00 —
L 4.09¢e4
5 Area
% —1
] 16.773
0 L} L] L] T I T L} L} L] L} T T L] L} L] L) L) L) L) T Ll T T ] L) /15'850”
14.500 15.000 156.500 16.000
(a)
Sample ID: PAHs in exhaust emission from gasoline base fuel at 3,000 rpem(2nd)
FOOD30B1 Sm (SG, 1x2) Scan El+
14.749 202
L 401
1 Area
%
. 15.966
0,,,ﬁn
14.500 15.000 15.500 16.000
(b)
Figure E7 (a) Total Ion Chromatogram of Fluoranthene Fraction

(b) Selected Ion Chromatogram of Fluoranthene at m/z =202
(¢) Mass Spectrum of Fluoranthene Fraction and its NIST
Library Searching Result
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Compound Name: FLUORANTHENE
Synonym: Benzene, 1,2-(1 ,8-naphthalenediyl)-
Molecular Weight: 202

63
100 50 74
32 38 86_87
1
@ e ¥ 2 B 45 12 178
() :
R:505 NIST 23467: FLUORANTHENE
100
%
50 101 110
87 88
0d 2B \SBIOPSTS g 122 150 174

FOOD30B1 1176 (14.739) Cm (1175:1178-(1170:1173+1 180:1184))

Sample ID: PAHSs in exhaust emission from gasoline base fuel at 3,000 rpm(2nd)

Forward Fit : 21 §, Reverse Fit : 505

231
202
200 |203
214 240 243I 270 289 314 317
202 Hit 7
200 (203
s m/z
IIIIIIIIIIIlllllllIlllllllIIIIIIII'!!IIIIIIIIIIllllllllllllllll'

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Data File: FOOD30B1
Sample ID: PAHs in exhaust emission from gasoline base fuel at 3,000 ipm(2nd)
Hit Compound Name Formula MW, for REV Librar Entry CAS
1 3,10B-DIHYDROFLUORANTHENE C16H12 2049 161 661 NIST 23093 37980-07-7
2 1,9-DIHYDROPYRENE C16H12 204 145 845 NIST 23986 0-00-0
3 TRYPTOPHAN, BIS(TRIMETHYLSILYL) C17H2802N2 348 134 568 NIST 48026 61445.27.0
4q 2,3-DIHYDROFLUORANTHENE C16H12 204 173 555 NIST 23087 30339-87-8
5 PROPANAL, 3-(METHYLTHIO}, (2.4DINITROPHENYL)HYDRA C10H1204N4 284 126 §39 NIST 40035 7372-490-8
B L-TRYPTOPHAN, N.A-BIS(TRIMETHYLSILYL), TRIMETHYLS| C20H3802N2 420 136 512 NIST 55314 55429.28.2
! FLUORANTHENE C16H10 202 370 505 NIST 23457 206-9-0
8 PYRENE C16H10 202 4381 NIST 23469 128-00-0

343

Figure E7 (continued)
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Sample ID: PAHs in exhaust emission from gasoline base fuel at 3,000 rem(2nd)
FOOD30B1 Sb (5,33.33 ) Scan El+
15.116 TIC
00
L 4.09e4
| Area
% —
15.773
) 15.850
0 L) T T L) L L] T L] L] T L] L] ' L] L) T L} L] T T L) I 3 T L} L] - rt
14.500 15.000 15.500 16.000
(a)
Sample ID: PAHs in exhaust emission from gasoline base fuel at 3,000 rem(2nd)
FOOD30B1 Sm (SG, 1x2) Scan El+
14.749 202
00 -
} 401
1 Area
% —
: 15.966
0 T I T T T T T T T T It
14.500 15.000 15.500 16.000

(b)
Figure E8 (a) Total Ion Chromatogram of Pyrene Fraction
(b) Selected Ion Chromatogram of Pyrene at m/z = 202

(c) Mass Spectrum of Pyrene Fraction and its NIST
Library Searching Result



Compound Name: PYRENE Sample ID: PAHs in exhaust emission from gasoline base fuel at 3,000 rpm(2nd)

Synonym: &-Pyrene Forward Fit : 231, Reverse Fit : 505

Molecular Weight: 202 FOOD30B1 1244 (15.381) Cm (1242:1244-(1246:1249+1237:1240))
87 202 185
100 63 74
% s 111 200
% 76| 8 130 203 219
R = 190 156 243 257 270 2 309311 317
0
R:505  NIST 23469: PYRENE
202 Hit 6
100
% 200 (203
o 101
o 83050 74888 | 1ae 100 175 N .

240 260 280 300 320

20 40 60 80 100 120 140 160 180 200 220
Data File: FOOD30B1
Sample ID: PAHs in exhaust emission from gasoline base fuel at 3,000 rpm(2nd)
Hit Compound Name Formula M. for REV  Librar Entry CAS
1 3,10B-DIHYDROFLUDRANTHENE C16H12 204 167 658 NIST 23993 37980-07-7
2 1.9-DIHYDROPYRENE C16H12 204 148 596 NIST 23985 0-00-0
3 1H-BENZOTRIAZOLE, 5-CHLORO-1-(4-CHLOROPHENYL) C12H7N3CIZ 283 179 575 NIST 38378 29328-99-2
4 METHYL 2-0-METHYL-.BETA.-D-XYLOPYRANOSIDE C7H1405 178 152 556 NIST 17048 7381-12-6
5 2,3-DIHYDROFLUORANTHENE C16H12 204 180 548 NIST 23987 30339-87-8
5 PYRENE C16H10 202 F22 505 NIST 23459 122-00-0
7 FLUORANTHENE C16H10 202 348 505 NIST 23467 206-44-0

Figure E8 (continued)
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APPENDIX F

Concentration of PAHs in Gasoline Test Engine Exhaust Emission



Table F1 Concentration of PAHs in Gasoline Test Engine Exhaust Emission

Fuel rpm Concentration of PAHs in Gasoline Test Engine Exhaust (ug/m’® of exhaust)
Naphthalene |Acenaphthylene| Fluorene | Phenanthrene | Anthracene | Fluoranthene Pyrene Total
Base fuel 1,000 2273 27.10 1.96 1.41 1.64 1.74 2.58 59.16
1,500 9.22 429 1.07 1.14 1.13 1.06 1.14 19.05
2,000 14.47 15.10 1.28 1.24 1.23 1.03 1.09 35.44
2,500 33.59 18.41 1.29 1.30 1.28 1.04 1.09 58.00
3,000 1352 1158 1.15 1.17 1.28 1.42 1.92 31.80]
+ 300 ppm 1,000 5.32 15.56 5% 1.20 1.21 1.02 1.08 26.76
Dispersant 1,500 525 4.60 112 1.17 i ¥ 0.07 1.03 14.41
2,000 8.31 14.08 131 1.21 1.18 1.07 1.00 28.16
2,500 16.67 9.78 1.19 1.09 1.02| undetectable| undetectable 29.74
3,000 54 .83 17.28 1.06| undetectable| undetectable] undetectable| undetectable 73.17
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Table F1 (continued)

Fuel rpm Concentration of PAHs in Gasoline Test Engine Exhaust (mg/m3 of exhaust)
Naphthalene |Acenaphthylene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Total
+ 400 ppm 1,000 10.13 3.24 1.05 1.05 1.12 1.04 2.18 19.82
Dispersant 1,500 4.08 333 1.00 1.05 1.04{ undetectable| undetectable 10.52
2,000 11.19 7.18 1.11 1.12 1.08| undetectable| undetectable 21.68
2,500 5.28 2.48 1.00 1.04 0.95| undetectable| undetectable _10.75
3,000 4.72 3.38 1.05 1.20 1.14| undetectable| undetectable 11.48
+ 500 ppm 1,000 31.43 1.57| undetectable| undetectable| undetectable| undetectable| undetectable 33.00
Dispersant 1,500 5.79 325 1.01| undetectable| undetectable| undetectable| undetectable 10.05
2,000 9.17 11.73 1.05 1.07 0.98| undetectable| undetectable 24.00
2,500 11.55 6.69 1.13 1.10 1.04| undetectable| undetectable 21.51
3,000 14.24 7.95 1.85 1.11 1.04 1.06 1.08 28.33
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Table F1 (continued)

Fuel rpm Concentration of PAHs in Gasoline Test Engine Exhaust (ug/m’ of exhaust)
Naphthalene |Acenaphthylene| Fluorene | Phenanthrene | Anthracene | Fluoranthene Pyrene Total
+ 600 ppm "1,000 36.95| undetectable| undetectable| undetectable| undetectable| undetectable| undetectable 36.95
Dispersant 1,500 14.81 193 1.00| undetectable] undetectable] undetectable| undetectable 17.74
2,000 34.85 3.00 0.99] undetectable| undetectable| undetectable| undetectable 38.84
2,500 21.73 8.47 1.21 1.13 1.08| undetectable] undetectable 33.62
3,000 - 33.90 22.92 1.85 124 1.24 1.05 1.06 63.23
+ 700 ppm 1,000 152355 10.68 1.10 1.04 0.95] undetectable| undetectable| 166.32
Dispersant 1,500 30.48 6.60 107 1.15 1.06] undetectable| undetectable 40.36
2,000 3188 15.14 1.26 122 1.20] undetectable| undetectable 50.64
2,500 111.13 21.79 1.11 1.06 0.97| undetectable| undetectable] 136.06
3,000 22.09 40.18 1.54 | 1.42 1.46 1.10 1.11 68.90
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